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ABSTRACT 

Sedimentary deposits in the Salton Trough of California 

record the infilling of the northern part of the Gulf of 

California. The final phase of deposition began about 4.0 

Ma with development of the delta plain of the Colorado River 

and ended about 0.9/0.7 Ma after a period during which 

deposition was dominated by bedload streams. During the 

final phase of deposition, a diverse assemblage of mammals 

characteristic of the Blancan and Irvingtonian Mammal Ages 

inhabited the area. 

The Blancan-Irvingtonian boundary is placed in the Fish 

Creek-Vallecito Creek section at the lowest stratigraphic 

occurrence of Hammuthus at about 1.77 Ma. The Fish Creek

Vallecito Creek section contains superposed Blancan and 

Irvingtonian faunas separated by a newly recognized Blancan

Irvingtonian boundary in continuously deposited sediments 

correlated with the magnetic polarity time scale. It is 

proposed that the Fish Creek-Vallecito Creek section be 

recognized as the standard section in which to define the 

Blancan-Irvingtonian boundary. 

Taphonomic analysis indicates that skeletal elements 

accumulated in five major depositional environments: tidal 

flat, lacustrine, channel, channel ~fill", and floodplain. 

Only the fluvial environments produced significant skeletal 

abundances and taxonomic diversity. Taphonomic analysis 

indicates that pre-transport taphonomic processes were more 
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important than fluvial transport in modifying 

thanatacoenoses. Taphonomic analysis also suggests that 

taxonomic diversity and relative abundances of large and 

small mammals are reliably preserved so that assemblages can 

be used in realistic, but general, analyses of paleoecology 

and paleocommunity structure. 

Actualistic and cenogram methods were used to study the 

Fish Creek-Vallecito Creek paleocommunity. Both methods 

suggest a savannah-community. The cenogram analysis shows 

the structure of the paleocommunity based on body size 

distribution. The data are grouped into assemblages based 

on the following criteria: change in fluvial environment, 

change in taxonomic composition, and change in paleoclimate. 

Stable, discr3ts small- and large-sized components with 

homogeneous body-size distributions are separated by an 

unstable medium-sized component. Results are consistent 

regardless of how the data are grouped, suggesting 

confidence in the results, stability in the paleocommunity 

despite environmental change, and a reality to the existence 

of the paleocommunity. 
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Vertebrate paleontologists have long been interested in 

the related topics of evolutionary change within taxa and 

development of ecosystems in geologic time. Changes in 

morphology, physiology, and behavior coupled with changes in 

the physical environment have provided tantalizing views of 

the evolutionary development of faunas, floras, and their 

organization into communities and ecosystemo (Olson, 1952, 

1980; Shotwell, 1955, 1958; Clark, Beerbower, and Kietzke, 

1967; Voorhies, 1969; Behrensmeyer, 1975; Hoffman, 1979; 

Damuth, 1982; Dodd and Stanton, 1990; Ricklefs, 1990; Damuth 

et a1., 1992). Studies of this aspect of evolution are 

multifaceted and interdisciplinary. Data from morphology, 

ecology, biostratigraphy, ethology, botany, sedimentology, 

petrology, climatology, and taphonomy are brought together 

in these studies (Behrensmeyer, 1975; B~land and Russell, 

1978; Badgley and Behrensmeyer, 1980; Badgley, 1982a, 19868; 

Dodd and Stanton, 1990). 

Changes in taxa and ecosystems through geologic time 

are best studied in continuously deposited, thick 

sedimentary sequences (Tedford, 1970; Badgley, 1982a, 

1986a). Such sequences permit paleontologists to trace 

taxonomic and ecologic change with fewer and smaller breaks 

within the fossil and geologic records in one place. Thick 
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deposits are also more likely to provide longer, more 

complete paleomagnetic signatures as an independent check on 

correlation, time resolution, stratigraphic completeness, 

and geochronology (Johnson et al., 1975; Opdyke et al., 

1977; Badgley, 1982a; Lindsay et a1., 1987). 

Stratigraphic sections having the requisite properties 

of great thickness, continuous deposition, and completeness 

at the series and stage level of resolution are uncommon in 

the Cenozoic continental geologic record. The three best

studied and -documented sections exhibiting the features 

listed above are: the Willwood and Clark's Fork Formations, 

Bighorn Basin, Wyoming; Siwalik Group, Pakistan and India; 

and the Palm Spring Formation, Anza-Borrego Desert, southern 

California. It is the fossils and sediments from the Anza 

Borrego Desert which form the data base for this study. 

The Anza-Borrego Desert is situated in southern 

California approximately 100km east of San Diego (Figure 1). 

Host of the Anza-Borrego Desert is conserved by the 

California Department of Parks and Recreation. The geologic 

history of the Anza-Borrego Desert is complex owing to its 

location on the boundary between the North Americcr. and 

Pacific tectonic plates (Winker, 1987). Structurally, the 

Anza-Borrego Desert lies within the western part of the 

Salton Trough, a sediment-filled, northern extension of the 

Gulf of California (Winker, 1987). Crowell (1974) 
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characterized the Salton Trough as a pull-apart basin formed 

by the strike-slip motion between the Pacific and North 

American tectonic plates. 

During its development in the Pliocene and Pleistocene, 

the Salton Trough was the locus of deposition first for 

marine sediments now recognized as the Imperial Formation, 

then for the delta of the Colorado River, and finally for 

fluvio-lacustrine sediments derived from uplifted, local 

fault blocks (Dibb1ee, 1954, 1984; Woodard, 1963, 1974; 

Merriam and Bandy, 1965; Winker, 1987). The deltaic and 

f1uvio-1acustrine sediments have beell grouped into the Palm 

Spring Formation (Woodard, 1963, 1974; Winker, 1987). 

The specific region of the Salton Trough under 

consideration for this study is the Fish Creek-Vallecito 

Creek (FCVC) area (Figures 1, 2, 7, 8, 9). Map coverage is 

on the U.S.G.S. Arroyo Tapiado 7.5 minute quadrangle. This 

area contains the best exposures and thickest, most complete 

sequence of the Palm Spring Formation, which is the main 

vertebrate-fossi1-producing formation in the Salton Trough. 

The Palm Spring Formation is particularly significant 

because it contains approximately 4,000m of sediments which 

span the entire Blancan North American Land Mammal Age 

(NALMA) and the early Irvingtonian NALMA (Downs and White, 

1968; Opdyke et al., 1977; White et a1., 1991). The Palm 
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Figure 1. Locallty map of the Anza-Borrego Desert regl0n. 
Cross-hatched area is the Fish Creek-Vallecito Creek basin. 
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Figure 2. Map of the Fish Creek-Vallecito Creek area 
showing major topographic features. 1 = Vallecito Creek, 
2 = Arroyo Hueso, 3 = Arroyo Tapiado, 4 = Arroyo Seco del 
Diablo, 5 = Canyon Sin Nombre, 6 = Sweeney Pass. Map based 
on Woodard (1974). 
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Spring Formation in the FCVC area represents about 3.0my of 

terrestrial deposition. This indicates a rough average of 

1.3m/1,000yrs, a very high rate of deposition. 

An extensive collection of vertebrate fossils has been 

obtained by the Natural History Museum of Los Angeles County 

(LACM) and the Imperial Valley College Museum (IVCM) from 

the Palm Spring Formation in the FCVC area. More than 

10,000 catalogued specimens have been recovered. The IVCM 

specimens are now curated in the Anza-Borrego Desert Park 

Headquarters, Borrego Springs, California. Specimens and 

localities discovered by the author are prefixed by MLC. 

Hjstory of Research iD the ADze-Borrego pesert 

The earliest collections from the FCVC area were made 

in the 1930's by the American Museum of Natural History. 

Interest in this area resumed when Mr. Harley J. Garbani, a 

local fossil enthusiast brought a horn-core of the 

antilocaprid Tetrameryx to Dr. Theodore Downs of the LACM in 

1952. Intensive collecting and study of the fossils from 

the FCVC area occurred in the late 1950's to the early 

1970's under the auspices of the LACM. Subsequently, the 

late George Miller of the IVCM, together with students and 

volunteers, continued to collect fossils from the area. 

This group of collectors amassed a large collection from the 

FCVC area until Miller's death in 1989 (White et a1., 1991). 
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A comprehensive literature has been published 

describing many of the taxa from the Palm Spring Formation 

(White and Downs, 1961, Geomys; Howard, 1963, Aves; White, 

1968, Coendou, 1969, Anzanycteris, 1984, Lagomorpha; 

Zakrzewski, 1972, "microtine" rodents; Hartin, 1979, 

Sigmodon; Becker ana White, 1981, Geomys; Hutchinson, 1987, 

Scapanus; Jefferson, 1989, Tapirus; Norell, 1989, 

Lacertilia; Martin and Prince, 1989, Sigmodon; Downs and 

Miller, 1994, Equidae). With the exception of the studies 

by Jefferson (1989) and Downs and Hiller (1994), most of the 

research to date has been focused primarily on the small 

animal specimens in the collections, not all of which have 

been studied. The studies of Downs (1957) and Downs and 

White (1968) were very generalized, and ample opportunities 

exist for research on the large mammal component of the 

collections. 

The earliest publication concerning the Salton Trough 

was by Blake (1856) on marine invertebrates. Additional 

publications on the area's geology and invertebrate 

paleontology have been published regularly since then (e.g. 

Woodring, 1932; Tarbet and Holman, 1944; Tarbet, 1951; 

Dibblee, 1954, 1984; Woodard, 1963, 1974: Merriam and Bandy, 

1965; Bartholomew, 1970; Opdyke at a1., 1977; Johnson et 

a1., 1983; Bell-Countryman, 1984; Kerr, 1984; Quinn and 

Cronin, 1984: Winker, 1987). Winker (1987) compiled the 



most recent and exhaustive list of references on the 

geological history of the Salton Trough, including the 

history of geologic research in the area, and the 

stratigraphic nomenclature. 

purpose of the Study 

The purpose of this study is to present the first 

reconstruction of the terrestrial vertebrate 
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paleocommunity which existed in the Salton Trough from about 

4.0 to 0.9 Ma. Studies by Valverde (1964, 1967), Badgley 

(1982a, 1986a), Damuth (1982), Legendre (1986, 1988), and 

D~",uth et al. (1992) have improved the methodology used to 

analyze paleocommunities. Badgley (1986a, figure 1), in 

particular, presented a logical, systematic method of 

paleocommunity analysis. Accomplishment of the study's 

purpose is significant because it will show what changes, if 

any, occurred in the community structure during the 

transition from the Blancan NALMA to the Irvingtonian NALMA, 

and may indicate that NALMAs differ from one another in 

terms other then simply changes in taxa. 

In support of the the paleocommunity analysis three 

other subsidiary goals must be accomplished (Badgley 1982a, 

1986a). The first subsidiary goal was to document the 

depositional environments which exist in the Palm Spring 

Formation in the FCVC area. The second subsidiary goal was 

to present a revision of the local stratigraphic ranges of 
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mammalian genera and species in the FCVC area. The third 

subsidiary goal was the first taphonomic analysis of the 

vert~brate fossils from the Palm Spring Formation in the 

FCVC area. Taphonomic analysis allows one to make reasonable 

statements about the temporal, geographic, and ecologic 

coexistence of the taxa in a fossil assemblage. The third 

subsidiary goal is an essential prereQuisite for any 

paleocommunity analysis (Voorhies, 1969; Behrensmeyer, 1975; 

Badgley 1982a, 1986a). 

A result of this study that is not related to 

paleocommunity analysis, but is a logical outcome of the 

revision of the local stratigraphic ranges is an improved 

and more accurate resolution of the Irvingtonian NALMA. 



CHAPTER 2 

GEOLOGY 
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Railroad and natural resource surveys during the 

nineteenth century provided many of the first accounts of 

the geology and paleontology of the American west. The 

Salton Trough was no exception with two reports by Blake 

(1856, 18S8). Most of the subsequent research centered on 

the establishment and recognition of lithostratigraphic 

units, especially as they related to the evolution of the 

Gulf of California (e.g., Kew, 1914; Hanna, 1926; Dibblee, 

1954, 1984; Woodring, 1932; Tarbet, 1951; Woodard, 1963, 

1974; Kerr, 1984; Quinn and Cronin, 1984). A second 

important area of research in the Salton Trough includes 

fault mapping and displacement (Diblee, 1954, 1984; 

Bartholomew, 1970) because the region is transected by the 

San Andreas, San Jacinto, and Elsinore fault zones. In the 

past three decades the Salton Trough has been studied with 

respect to the development of the Colorado River delta 

(Merriam and Bandy, 1965; Winker, 1987). More comprehensive 

and detailed reviews of the history of geologic research in 

the Salton Trough can be found in Woodard (1963) and Winker 

(1987). 

Methods 

Paleocommunity analysis reQuires"detailed knowledge of 

the depositional environments in which fossil specimens are 
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preserved (Badgley. 1982a, 1896a; Dodd and Stanton. 1990). 

To obtain this information, field observations were made of 

the Palm Spring Formation during February to April, 1991. 

The Palm Spring For~ation was chosen because all but a very 

few of the terrestrial vertebrate fossils in the FCYC area 

used in the paleocommunity analysis were collected from this 

unit. Particular attention was given to the upper 1320m of 

the Palm Spring Formation because this is the principal 

fossil-bearing part of the formation. Field observations 

consisted of measured sections, descriptions of composition. 

texture, and sedimentary structures, lateral and vertical 

relationships of individual strata, and fossil content. 

These data were interpreted to identify depositional 

environments in the Palm Spring Formation which were then 

integrated into a general interpretation of the physical 

environment in the FCYC area during the Blancan and 

Irvingtonian NALMAs. 

Sedjment Provenance jn the Fjsh Creek-Vallecjto Creek Area 

The provenance of the sediments is important in 

interpreting the geologic history of the Salton Trough and 

delimiting facies in the sedimentary units. Data collected 

by Woodard (1963), Merriam and Bandy (1965), Winker (1987), 

and Fleming (1993, pers. comm. to Dr. E.H. Lindsay) are 

pertinent to the following discussion. Winker (1987) is the 

most important reference for provenance studies in the 
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Salton Trough. 

Woodard (1963) recognized that the clastic sediments in 

the Salton Trough had two probable sources. He explored 

this subject in only a general way and concluded that more 

research was necessary to obtain definitive conclusions on 

the provenance of the sediments in the Salton Trough. He 

recognized that clastics derived from the nearby Peninsular 

Ranges are micaceous, moderately well-sorted, sand-sized or 

larger grains with angular to sub-angular margins, and 

compositionally identical to the plutonic and metamorphic 

rocks in the Peninsula Ranges. Another source was the 

drainage of the Colorado River. Sediments from this source 

are less micaceous, better rounded, and better sorted than 

those of definitive local provenance. He also noted that 

the overall composition of the Colorado River sediments was 

similar to that of the local provenance sediments, but did 

not comment further on the provenance of the sediments 

deposited by the Colorado River. He ascribed the textural 

variations to differences in energy levels between the 

Colorado River and local river systems. 

Merriam and Bandy (1965) provided the first evidence 

that some of the sediments in the Salton Trough had a 

provenance outside that area. They sampled the Palm Spring 

Formation, Imperial Formation, Brawley Formation, Borrego 

Formation, the modern delta of the Colorado River in Lake 
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Mead, and the modern delta of the Colorado River in the Gulf 

of California noting sediment characteristics and 

microfossil content. The significant result of their study 

is that in each ~ampled sedimentary unit they found 

reworked, late Cretaceous foraminifera. The foraminifera 

tests are all calcite filled and abraded. These species are 

present: Globotruncana globigerinoides, Globigerine77oides 

aspera, Heterohelix g7obu7osa, H. reussi, H. striata, 

Neobulimina canadensis, and Pseudouvigerina cretacea. They 

suggested that these foraminifera were derived from the 

Mancos Shale, a late Cretaceous unit that is widespread in 

the northern part of the drainage basin of the Colorado 

River and concluded that at least some of the sediments in 

the Salton Trough are derived from the Colorado River 

drainage a considerable distance from the Salton Trough. 

Additional paleontologic data were supplied by Dr. R. 

Farley Fleming of the U.S.G.S. (1993, pers. comm. to Dr. 

E.H. Lindsay) to support the hypothesis that some of the 

sediments in the Salton Trough were brought in from well 

outside the area. He reported reworked Campanian, 

Maastrichtian, and Eocene palynomorphs in samples obtained 

from the lower part of the Palm Spring Formation. 

Winker (1987) undertook detailed petrographic studies 

of the clastic sediments in the Salton Trough with the 

specific goal of establishing their provenance. The 



32 

petrographic study led Winker to propose that the clastic 

sediments in the Salton Trough be grouped into two main 

descriptive classes, the "L"-suite and "CD-suite sandstones. 

According to Winker (1987), "L"-suite sediments are 

primarily sandstones and conglomerates, but siltstones and 

claystones can also be recognized in this category. These 

sediments tend to be rich in biotite (11X to 32X), 

especially the siltstones, claystones, and finer grained 

sandstones. The sandstones contain abundant plagioclase 

(62X to 85X of the feldspar content), consist of subequal 

amounts of quartz and feldspar, have angular grains, are 

coarse to fine-grained, are poorly to well sorted, and 

contain few primary lithic grains. Colors tend to be drab, 

gray, olive-gray, and green-gray. Sedimentary structures 

such as lamination, ripple-bedding, cross-bedding, and 

convoluted bedding are accentuated by the high biotite 

content. 

Winker (1987) definitively attributed the provenance of 

the "LD-suite sediments to source rocks within and 

surrounding the Salton Trough. This includes the Mesozoic 

plutonic and metamorphic rocks of the Peninsular Ranges as 

well as Cenozoic volcanic rocks erupted into and around the 

Salton Trough. In general, "L"-suite sediments tend to form 

localized deposits in basins that were present in the 

original topography of the widening Salton Trough, such as 
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the Anza Formation, or to form localized basin-margin 

deposits such as Winker's (1987) Jackson Fork and Stone Wash 

"members" of the Imperial Formation (Figure 4). The only 

widespread "L"-suite sediments occur in the Canebrake 

Conglomerate and in Woodard's (1963) Huesos "member" of the 

Palm Spring Formation (Figure 4). In each case the "L"

suite sediments are the product of local stream systems. 

The "C"-suite sediments of Winker (1987) contrast 

strongly with those of the "L"-suite. "COO-suite sediments 

are mainly sandstones, although siltstones and claystones 

can be included. Sand grains are usually fine to very fine, 

subrounded to rounded, and well to very well sorted. 

Composition of this suite is much more Quartz-rich than the 

"L"-suite, with abundant grains of primary lithic fragments 

(volcanics, chert, limestone). Micas form a very small 

proportion of the sediments «5~). "C"-suite siltstones and 

claystones can be distinguished from those of the "L"-suite 

by their greatly reduced mica content. K-feldspar is more 

abundant than in the "L"-suite sediments and is subeQual to 

plagioclase. Colors are often pastels of yellow and orange. 

Primary hematitic coatings on sand grains can often be 

observed in "C"-suite sediments, which Winker attributed to 

recycling of red bed sediments. Sedimentary structures are 

difficult to observe because of the fine grain sizes and 

compositional homogeneity. 
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The provenance of the "C"-suite sediments, according to 

Winker (1987), reflects source areas hundreds of kilometers 

away (in the drainage of the Colorado River) and source 

rocks older than those in the Peninsular Ranges and circum

Gulf of California. "C"-suite sediments form some of the 

most widely distributed units in the Salton Trough, such as 

primarily argillaceous lithofacies of the Imperial Formation 

and Woodard's (1963) Diablo "member" of the Palm Spring 

Formation (Figure 4). "C"-suite sediments are the product 

of the Colorado River in the Salton Trough. 

The distinction between "L"- and "C"-suite sediments 

was used by Winker (1987) as an additional means to 

subdivide the lithostratigraphic units in the Salton Trough. 

Figure 4 is a schematic cross-section that shows the 

distribution of "L"- and NCR-suite sediments from the FCVC 

area southeast toward the Coyote Mountains, according to 

Winker (1987). Figure 5 shows the same units, but 

distinguished as to whether they are primarily marine or 

nonmarine. 

Field work in the Palm Spring Formation for this study 

supports Winker's (1987) conclusions regarding the "L"- and 

"C"-suite sediments. The textural, compositional, and 

color-value differences he described are readily observable 

in the field and provide a means of subdividing the Palm 

Spring Formation into units of dominant provenance. These 



provenance "suites" correspond, as also noted by Winker 

(1987), with the informally named, member-level 

lithostratigraphic units in the Palm Spring Formation of 

Woodard (1963) and Winker (1987). 
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My field work points to no clear correspondence of the 

"L"- and "CD-suite sediments with either nonmarine or marine 

environments. Comparison of Figure 4 with Figure 5 shows 

this. Lithostratigraphic units dominated by "L"-suite 

sediments, such as the Latrania, Lycium, Jackson Fork, and 

Stone Wash "members" are dominantly marine, while others, 

such as the Huesos "member" and the Canebrake Conglomerate 

are dominantly terrestrial. Lithostratigraphic units 

dominated by "CD-suite sediments, such as the Camel's Head, 

Deguynos, and Mud Hills "members" are dominantly marine, 

while the depositional environment of sediments of the 

Diablo "member" are dominantly terrestrial. 

General Stratigraphy of the Salton Trough 

The published lithostratigraphic units in the Salton 

Trough in the FCVC area are summarized on Plate 1. Only the 

uppermost unit, the Palm Spring Formation, was studied 

extensively in the field for the purposes of this report. 

Detailed description of the Palm Spring Formation, 

especially its depositional environments, is presented in 

Chapter 3. 
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Figure 6 is a selective comparison of the formal and 

informal stratigaphic nomenclature in the FCVC area and also 

shows what lithostratigraphic terms are used in this study. 

The major point to be made with reference to Figure 6 is 

that Winker (1987) completely redefined the Split Mountain 

and Imperial Formations. He abandoned the name Anza 

Formation published by Woodard (1974) and reassigned the 

name Split Mountain Formation to that unit. He then 

reassigned the orignal Split Mountain Formation of Tarbet 

and Holman (1944) to the Imperial Formation. Because 

Winker's (1987) nomenclatural changes with regard to these 

published formations are strictly informal they are not used 

in this report. The original, published definitions and 

limits of the Anza, Split Mountain, and Imperial Formations 

are retained in this study. However, some of Winker's 

(1987) and Woodard's (1963) informal member-level names for 

the Imperial and Palm Spring Formation are used because they 

provide a convenient way to communicate some of the 

stratigraphic and sedimentologic complexity in the Salton 

Trough. Informal member-level names are indicated by 

quotation marks. 

Figure 7 shows, in simplified form, the aerial 

distribution of the lithostratigraphic units in the FCVC 

area. The informal memLer-level stratigraphic nomenclature 

which has been used by authors such as Bell-Countryman 
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(1984), Kerr (1984), Winker (1987), and Woodard (1963) is 

not shown in Figure 7, except for the Palm Spring Formation. 

Figure 8 shows some of the major geologic structures in the 

FCVC area that are discussed in the text. 

Detailed descriptions and discussions of the 

lithostratigraphic units below and coeval with the Palm 

Spring Formation (Figures 4-8, Plate 1) can be found in many 

papers and will not be repeated here as these units have no 

bearing on the goals of this studt. For further information 

on these lithostratigraphic units see the following sources: 

Anza Formation - Kerr (1984), Winker (1987), Woodard (1963, 

1974); Alverson Andesite - Eberly and Stanley (1978), Mace 

(1981), Ruisaard (1979), Tarbet (1951), Tarbet and Holman 

(1944), Winker (1987), Woodard (1963, 1974); Split Mountain 

Formation - Dibb1ee (1954), Durham and Allison (1961), Kerr 

(1984), Tarbet (1951), Tarbet and Holman (1944), Ver Planck 

(1952); Winker (1987), Woodard (1963, 1974); Imperial 

Formation - Bell-Countryman (1984), Dibblee (1954, 1984), 

Hanna (1926), Kew (1914), Quinn and Cronin (1984), Shremp 

(1981), Stump (1972), Winker (1987), Woodard (1963, 1974), 

Woodring (1932); Canebrake Conglomerate - Dibb1ee (1954, 

1984), Winker (1987), Woodard (1963, 1974). 

Tectonjc and GeQlogjc Hjstory of the Salton Trough 

The Salton Trough is a transtensional basin which is 

structurally continuous with the Gulf of California (Elders 
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et a1., 1972; Elders, 1979). The nonmarine Salton Trough.is 

separated from the Gulf of California by the delta of the 

Colorado River, which has been the dominant depositional 

system in the area since inception of the Gulf (Merriam and 

Bandy, 1965; Lucchitta, 1972; Winker, 1987). A series of 

palinspastic and paleogeographic maps by Winker (1987, 

figures 8.1, 8.12-8.15) shows that the Fish Creek-Vallecito 

Creek area of the Salton Trough has undergone approximately 

300km of northwest displacement since the latest Miocene 

(5.5 Ma). A comprehensive discussion on the geologic 

history of the Gulf of California and Salton Trough was 

presented by Winker (1987). Winker's (1987) study is 

significant because it relates the sedimentary units in the 

Salton Trough to tectonic events in the Gulf and Trough. 

The pertinent aspects of Winker's (1987) discussion are 

summarized below. 

Isotopic ages from basalts at the Gulf mouth (Jensky, 

1974) and dates on the displaced Magdalena Fan (Yeats and 

Haq, 1981) suggest that opening of the Gulf began sometime 

between 14.5 Ma to 8.0 Ma, although the earliest date from 

the Alverson Andesite of 21.5 ± 3.9 Ma (Ruissard, 1979) 

suggests that thinning of the continental crust began 

earlier. 

Development of the Gulf of California and Salton Trough 

is more securely controlled from 5.5 Ma to the Recent 
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(ShafiQullah et a1 .• 1980). The earliest phase of 

displacement beginning at 5.5 Ma probably involved rifting 

of continental crust. Actual drifting. the sea-floor 

spreading phase. is positively documented by magnetic 

anomalies at 3.9 Ha (Curray et a1 •• 1982). 

Opening of the Gulf of California provided the 

conditions for the development of the Colorado River system. 

Lowering base level in the Salton Trough initiated capture 

of the principal drainage net of the southern Rocky 

Mountains, resulting in the Colorado River (Merriam and 

Bandy, 1965; Lucchitta, 1972; Winker, 1987). Filling in of 

the northern part of the Gulf by the Colorado River and 

local stream systems proceeded rapidly from about 4.3 to 0.9 

Ma (Johnson et a1., 1983). Development of the Elsinore 

fault zone around 0.9 or 0.7 Ma caused uplift of the western 

Salton Trough at a mean rate of 5.9mm yr- 1 and clockwise 

rotation of 350 (Johnson et a1., 1983). 

The basement geology consists mainly of Cretaceous 

plutonic and high-grade metamorphic rocks with Ordovician to 

Jurassic protoliths (Woodard, 1963; Winker, 1987). 

Deposition of "L"-suite sediments ("lower member" of the 

Anza Formation) by bedload-stream systems began to fill in 

topographic lows developed in the basement geology prior to 

the initiation of rifting in the early to middle Miocene. 
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Rifting in the Salton Trough is reflected in the very 

coarse alluvial fan deposits of the "upper member" of the 

Anza Formation. The distributicn of these sediments was 

apparently controlled by syn-depositiona1 faults (Kerr, 

1984; Winker, 1987). Evidence for rifting in the Salton 

Trough also includes the presence of the Alverson Andesites. 

Ages obtained by the K-Ar method constrain the time of 

earliest rifting to between 14.9 ± 0.5 Ma and 21.5 ± 3.9 Ma 

(early to middle Miocene) (Eberly and Stanley, 1978; Mace, 

1981; Ruissard, 1979). The sediments deposited during this 

phase are all grouped within the "L" suite (Winker, 1987). 

None of the sediments or the volcanics show any evidence of 

having been deposited or erupted under marine conditions 

indicating that rifting at this time was confined to 

continental crust (Winker, 1987). 

According to Winker (1987), the next phase in the 

geologic history of the Salton Trough shows the beginning of 

a unique sedimentation pattern during the time the Colorado 

River empti&u into the Salton Trough. The pattern is 

characterized by coarser-grained, locally derived sediments 

deposited around the margins of the Salton Trough which 

grade into or interfinger with finer-grained sediments 

brought into the area by the Colorado River. During this 

phase the first indications of marine conditions in the 

Salton Trough are seen in the "marine arenite member" and 
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Nupper boulder bed N of the Split Mountain Formation and the 

lycium and distal Stone Wash "members" of the Imperial 

Formation. Marine conditions may have begun as early as the 

middle Miocene based on invertebrate fossils from these 

stratigraphic units. Except for the upper part of the 

lycium "member", these are all "l"-suite sediments deposited 

as turbidites, alluvial fans, fan-deltas, and subaqueous 

debris flows. The bulk of the lycium "member" consists of 

"C"-suite sediments deposited in a submarine fan. The "C"

suite sediments of the Lycium "member" mark the initial 

phase of sedimentation by the Colorado River and the 

beginning of the overall upward-shoaling trend in the Salton 

Trough. 

Development of the deltaic phase of the Colorado River 

proceeded during the late Miocene and early Pliocene. Delta 

development was initially marine (Mud Hills and lower 

Deguynos "members"), but shoaled upward to intertidal 

environments (upper Deguynos and Camel's Head "members") and 

eventually to a subaerial delta plain (Diablo "member") 

{Winker, 1987). All deltaic sediments are included in the 

"C" suite. Coarser "l"-suite sediments continued to be 

deposited around the margin of the Salton Trough (Stone 

Wash, Jackson Fork, and Olla "members"). Terrestrial 

vertebrates are first recorded in the Salton Trough during 

the latest part of deltaic deposition. 
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The Imperial-Palm Spring-Canebrake seQuence can be 

viewed as a single lithosome that records the Pliocene to 

early Pleistocene filling of the Salton Trough (Figures 4, 

5). In this seQuence, the formally and informally named 

lithostratigraphic units are all lithofacies of the same 

depositional system, which for part of its existence had 

differing provenance. Dibblee (1954, 1984), for example, 

considered the Canebrake Conglomerate as the marginal, 

conglomeratic facies of the Palm Spring and Imperial 

Formations. Distinctions among the lithofacies are based on 

provenance, texture, composition, color, areal extent, and 

interpreted depositional environments. Names for these 

lithofacies are simply a communications shorthand for 

specific geologic concepts. 

For reasons currently not understood, the locus of the 

Colorado River delta shifted at about 3.0 Ma (Winker, 1987). 

This may have been due to tectonic movements affecting the 

river's course, progradation of the delta, or a combination 

of the two. The result of this shift wa~ the cessation of 

"C"- suite deposition in the FCVC area and the resumption of 

deposition of "L"-suite sediments (Huesos and Tapiado 

"members", Canebrake Conglomerate) during the late Pliocene 

and early Pleistocene. During this time, the abundance and 

diversity of terrestrial vertebrates increased dramatically. 

Although "C"-suite sediments were no longer deposited in the 
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FCVC area, the basic sedimentation pattern of coarser, 

basin-margin fanglomerates and finer, basin-fill sediments 

(fluvial and lacustrine) continued. 

The Salton Trough was near sea-level following 

cessation of "C"-suite sediment accumulation, based on 

proximity of deltaic environments. Continued (or delayed 

cessation of) subsidence during deposition of the Huesos and 

Tapiado "members" of the Palm Spring Formation may have 

produced intermittent influxes of brackish marine sediments 

into the Salton Trough (e.g., the FCVC area), as reflected 

in isolated, but fairly widespread records of small and 

poorly preserved marine bivalves and reworked palynomorphs 

in these "members". 

The occurrence of marine environments in the FCVC area 

during the Miocene and early Pliocene is well established in 

the literature (Kew, 1914; Hanna, 1926; Woodring, 1932; 

Tarbet and Holman, 1944; Dibblee, 1954; Durham and Allison, 

1961; Woodard, 1963; Stump, 1912; Bell-Countryman, 1984; 

Quinn and Cronin, 1984; Winker, 1981). Marine environments 

are inferred from the presence of a diverse macro- and 

microinvertebrate fauna that included bivalves, gastropods, 

corals, bryozoans, and foraminifera. Ichnofossils 

characteristic of marine invertebrates are also common. The 

earliest definitive indications are in the "marine arenite 

member" of the Split Rock Formation (Tarbet and Holman, 
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1944; Durham and Allison. 1961; Stump. 1972). 

There is disagreement over the presence of marine 

environments in the FCVC area during the time of deposition 

of the Palm Spring Formation (Woodard. 1963; Winker, 1987). 

Downs and Woodard (1961) reported that shells of the bivalve 

species Ostrea vespertinia and Anomia subcostata could be 

found in a few localities in the Huesos "member". Because 

these species are marine, they suggested that marine 

transgressions/regressions occurred during the deposition of 

the Huesos "member". Woodard (1963) mentioned that marine 

shells could be found in the Huesos "member", but did not 

list the taxa. He also noted that the highest stratigraphic 

occurrence of marine macroinvertebrates is about 35m above 

the conglomerate at view of Budlands. 

Woodard (1963) reported occurrences of the bivalves 

Anomia subcostata, Ostr~a vespertina, and Aequipectin 

desert; from several localities in the Diablo "member". He 

reported these as surface finds, but did not provide any 

additional locality data, such as the sedimentary context of 

the fossils. He noted that these specimens were "stunted 

and abnormally shaped" and so indicative of a "brackish

water or moderately saline environment" (p.94). Thus he 

inferred the presence of some marine deposits in the Diablo 

"member" . 
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Johnson et a1. (1983) calculated estimates of the 

subsidence and sedimentation rates in the upper 900m of the 

Imperial Formation and the Palm Spring Formation between 4.3 

and 0.9 (or 0.7) Ma. They found that the sediment 

accumulation rate exponentially decreased from S.Smm yr- 1 to 

O.Smm yr- 1 during this interval. Tectonic subsidence rates 

for this same time period showed a parallel decrease from 

1.Smm yr- 1 to 0.1mm yr- 1• Johnson et al. (1983) concluded 

that the Palm Spring Formation was deposited at or near sea 

level on the basis of the marine invertebrate fossils in the 

Diablo and Huesos "members" and that the mean rates of 

subsidence and sediment accumulation were, therefore, in 

eQuilibrium. 

Quinn and Cronin (1984) reported that the ostracod 

cypr;de;s and charophytes were obtained from sediment 

samples of the lowermost Diablo Mmember" in Fish Creek Wash. 

The presence of these fossils suggested to them that the 

salinities of the water in which the lowermost Diablo 

"member" was deposited were less than 3 ppt. 

Winker (1987) claimed that the marine invertebrate 

fossils in the Diablo "member" were found only in basal lag 

deposits along with other coarse clasts. The shells in 

these lag deposits were reported to be abraded, but not very 

different compared to individuals of the same species 

collected from the Imperial Formation. He reported that 
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Woodard's (1963) locality 9-8690, which Woodard considered 

to mark the top of the Diablo "member", contained abundant 

shell material mixed with gravel-sized sediment. He also 

reported a clast of Ostrea coquina, similar to that found in 

the Deguynos "member" of the Imperial Formation, from this 

locality. This evidence convinced him that the marine 

fossils from the Diablo "member" were reworked from the 

Imperial Formation and were not indicative of marine 

conditions during the time of the deposition of the Diablo 

"member". He did not examine the marine macroinvertebrate 

fossils from the Huesos "member" or their localities, but 

speculated that these fossils were also reworked from the 

Imperial Formation. 

Dr. R.F. Fleming (1993, pers. comm to Dr. E.H. Lindsay) 

reported that Pliocene palynomorphs and dinoflagellates 

occur in the Imperial Formation. He noted that the 

dinoflagellates decrease upsection and that none occur in 

the uppermost Imperial Formation. He did report that 

fossils of the nonmarine planktonic algae Pediastrum and 

Scenedesmus were very abundant in the uppermost Imperial 

Formation. This suggested to him that the uppermost 

Imperial Formation was deposited in a freshwater lake. His 

highest samples were from sediments in the Diablo "member" 

deposited during the Gauss Chron. These samples contained 

reworked Cretaceous and Eocene palynomorphs as well as 
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Pliocene palynomorphs. No Pliocene dinoflagellate fossils 

were found. These observations led him to conclude that 

there were no marine incursions in the FCVC area during the 

time intervals spanned by the samples. He did caution that 

putative marine rocks in the Great Valley of California also 

do not contain dinoflagellates and explained their absence 

by noting that dinoflagellates prefer open marine 

conditions. He did not, however, consider the Salton Trough 

to be a restricted marine environment as may be the case for 

the sample locality in the Great Valley. 

In addition to the marine invertebrate fossils, very 

rare fossils of marine vertebrates have been collected from 

the Palm Spring Formation. One of these is a batoid tooth 

plate collected from the upper part of the Tapiado "member". 

The LACH collection also contains teeth of the sharks 

Cetorhinus sp. and Hemipristus serra. The LACH records 

indicate that these shark specimens were obtained from LACH 

locality 1511 in the Huesos "member". This locality is in 

collecting unit 60.4 (see Chapter 5) which is approximately 

260m above the conglomerate at View of Badlands. Fossils of 

teleost fish are also found at this locality. 

During the course of field work for this stUdy the 

marine invertebrate localities in the Huesos "member" shown 

on the geologic maps of Woodard (1963", 1984) were revisited. 

The purpose was to find marine fossils in situ and use their 
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sedimentologic and taphonomic context to determine whether 

or not they were reworked from older deposits. No fossils 

were found at the marine invertebrate localities given by 

Woodard (1963. 1974). Only a single isolated valve of 

Ostrea sp. was found as float at locality MLC 91-30 (Figure 

10). 

The evidence for and against marine incursions in the 

FCVC area during the early late Pliocene and early 

Pleistocene is conflicting. On the basis of the fossils 

alone. without regard for their taphonomic and 

sedimentologic setting. it would appear that marine 

environments did occasionally exist for short periods of 

time in the FCVC area while the Palm Spring Formation was 

being deposited. 

Winker's (1987) information on the condition and 

sedimentologic setting of the marine macroinvertebrate 

fossils in the Diablo "member" suggested that these fossils 

were reworked from older deposits. Winker (1987) believed 

that the Imperial Formation was the source for these 

fossils. If this is so, then it must be demonstrated where 

and when in the Salton Trough sediments of the Imperial 

Formation were uplifted to supply the fossils to be 

redeposited in the Diablo "member". Winker (1987) did not 

supply any data to show this. The stratigraphic evidence. 

at le~st. seems to indicate that the Imperial Formation was 
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buried during the time the Palm Spring Formation was being 

deposited (Woodard, 1963; Winker, 1987). The reworked 

condition of the marine invertebrate fossils in the Diablo 

"member" only indicates that they were reworked. It does 

not necessarily follow that they were reworked from the 

Imperial Formation. It is more likely that the reworked 

fossils in the Diablo "member" were derived from within that 

unit rather than from the Imperial Formation. The taxonomic 

similarity between the fossils from the Imperial Formation 

and the Diablo "member" merely indicates that the same taxa 

existed in the FCVC area during the time both units were 

deposited. The most parsimonious conclusion is that the 

marine invertebrate fossils in the Diablo "member" represent 

animals that lived during the time this unit was deposited 

and that there were occasional marine transgressions of the 

FCVC area in the early Pliocene. 

The presence of marine macroinvertebates and 

vertebrates in the Huesos "member" is even more enigmatic 

given the abundant and diverse terrestrial vertebrate fauna 

from the Huesos "member" and its interpreted depositional 

environments. In the few marine invertebrate localities 

reported by Woodard (1963) the specimens are dominated by 

Ostrea vespertina and Anomia subcostata, both of which can 

tolerate a wide range of salinites. The specimens are 

generally complete, but unusually small and the Anomia 
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valves are Quite thin (Dr. J.A. White, oral comm.) which 

would suggest that the animals lived under less than ideal 

conditions. The thinness of the Anomia valves would 

preclude their surviving any considerable transport. 

Together, the very depauperate marine macroinvertebrate 

fauna, its taxonomic consistency, the small size of the 

specimens, and the thin valves of Anomia suggest that these 

fossils are not reworked and are indicative of very shallow, 

brackish marine conditions, perhaps in the nature of tidal 

flats. The shark teeth and associated teleost remains from 

the upper part of the Huesos "member", if they are not 

reworked, also suggest that marine conditions existed. Some 

shark species are also known to tolerate a wide range of 

salinities so that their presence in sediments probably 

deposited under less than normal marine salinities is not 

unexpected. 

If the marine fossils in the Huesos "member" are 

re~orked from the Imperial Formation, as Winker (1987) 

maintains, then the same Question must be asked as for the 

Diablo "member", namely, where and when was the Imperial 

Formation uplifted in order to be eroded? Uplift and 

erosion of the Imperial Formation during the time of 

deposition of the Huesos "member" seems even more unlikely. 

Again, there is no evidence in the field or mention in the 

literature of any uplift of sediments in the FCVC area or 
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the Salton Trough until about 0.9 (or 0.7) Ma (Johnson et 

a1., 1983). By the time the Huesos "member" was deposited 

the Imperial Formation was buried under approximately 2200 m 

of sediment of the Diablo and 011a Nmembers". If there was 

any uplift of the Imperial Formation during Huesos time, 

then the uplift would have had to be very close to the FCVC 

area. The stratigraphic evidence indicates that the 

laterally adjacent unit to the Huesos "member", the 

Canebrake conglomerate, is in depositional contact with the 

bedrock (Woodard, 1963; Winker, 1987). This would preclude 

any contribution of the Imperial Formation to the Huesos 

sediments. Paleocurrent data by Winker (1987) indicates 

that the currents which deposited the Huesos "member" flowed 

from the surrounding highlands rather from elsewhere in the 

Salton Trough. This would eliminate long-distance transport 

of Imperial Formation sediments and fossils to the FCVC 

area. Probably the most conclusive piece of evidence that 

the marine fossils in the Huesos Hmember" were not reworked 

comes from Winker's (1987) provenance studies. The Huesos 

"member" consists entirely of "L"-suite sediments, including 

the beds which produced the marine fossils. If these 

fossils were reworked from the Imperial Formation, which is 

almost entirely formed by "C"-suite sediments, then there 

should be evidence of "C"-suite sediments in the Huesos 

"member", especially in the marine fossil-producing beds. 



Based on the petrology of the Huesos "member, such is not 

the case. 
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Thus it appears, as for the Diablo "member", that the 

most parsimonious explanation for the marine fossils in the 

Huesos "member" is that they are in situ. This being the 

case, it follows that there is evidence for minor marine 

incursions into the FCVC area during the late Pliocene and 

early Pleistocene. 

How could marine transgressions and regressions have 

occurred into an area dominated by fluvial systems? The 

answer lies in the conclusions of Johnson et a1. (1983), who 

proposed, based on average rates, that there was an 

equilibrium between subsidence and sedimentation. Such an 

equilibrium would have kept parts of the Salton Trough, 

including the FCVC area, near sea level. It is very 

probable, given the tectonically active nature of the Salton 

Trough in the Pliocene and early Pleistocene, that there 

were times when subsidence exceeded sedimentation. During 

these times very shallow marine incursions may have occurred 

leading, to brackish salinities as suggested by the macro

and microinvertebrate taxa as well as, possibly, the fossil 

algae. Alternatively, or in conjunction with variations in 

the subsidence/sedimentation rates, glac;oeustatic changes 

in sea level may have caused marine transgressions and 

regressions in the Salton Trough. Glacioeustatic sea level 
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changes are known to have occurred during the Pliocene as 

well as the Pleistocene (Berggren and Van Couvering, 1974; 

Kennett, 1977; Shackleton et a1., 1984; Rea and Schrader, 

1985). During these times the FCVC area was probably a 

tidal flat through which flowed the Colorado River or which 

was prograded by locally derived sediments from the 

surrounding highlands. Postulating that tidal flat 

environments occasionally existed in the FCVC area does not 

necessarily mean that terrestrial animals were excluded from 

the area. Winker (1987) reported that camel tracks could be 

found in tidal flat sediments of the Jackson Fork "member" 

of the Imperial Formation. Even if they did not favor the 

tidal flat, terrestrial animals may have occasionally 

utilized or traversed the tidal flat. Remains of 

terrestrial organisms could easily be transported into the 

tidal flat from surrounding supratidal areas. 

Resumption or intensification of tectonic movements 

about 0.9 or 0.7 Ma resulted in uplift, folding, faulting, 

and rotation of the FCVC area and the cessation of 

deposition in this area (Johnson et a1., 1983; Winker, 

1987). Horizontally bedded conglomerates, gravels, and 

coarse sands were deposited on top of the uplifted, 

deformed, and eroded sediments of the Palm Spring and older 

formations. These coarse clastics form the capping 

sediments of East, West, and South Mesas (Woodard, 1963) 
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(Figure 9). The most recent episode in the geologic history 

of the area is renewed erosion. 
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Figure 9 Legend. Reference map for measured sections, 
topographic features, and MLC fossil localities mentioned in 
the text. Based on Figure 5. -Type section" is the area 
northwest of West Mesa Fault. Measured sections = A-B, C-D, 
E-F-, G-H. AD = Arroyo Seco del Diablo, AH = Arroyo Hueso, 
AT = Arroyo Tapiado, CC = Carrizo Creek, FC = Fish Creek 
Wash, JW = June Wash, VC = Vallecito Creek. EM = East Mesa, 
MM = Middle Mesa, SM = South Mesa, WM= West Mesa. TB = 
Tierra Blanca Mountains, VM = Vallecito Mountains. vb = 
View of Badlands. 
1 = MLC 91-50, 2 = MLC 91-4, 3 = MLC 91-3, 4 = MLC 91-52, 
5 = MLC 91-34, 6 = MLC 91-30. 
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CHAPTER 3 

DEPOSITIONAL ENVIRONMENTS IN THE PALM SpRING FORMATION 

Sjgnjficance of the palm Soring Formation 

Nearly all the terrestrial vertebrate fossils in the 

FCVC area have been collected from the Palm Spring 

Formation. Of the four "members" of the Palm Spring 

Formation, the HueDOS "member" is the main fossil producing 

unit in the FCVC area and so was studied most intensively in 

the field. The majority of this chapter is devoted to 

enlarging upon and supplementing the descriptions of the 

Huesos "member" given by Woodard (1963) and Winker (1987), 

especially with regard to depositional environments in the 

Huesos "member". 

Woodring (1932) named the Palm Spring Formation for 

exposures in the FCVC area near Palm Spring (now Mesquite) 

Oasis along Vallecito Creek northeast to Split Mountain 

Gorge. Dibblee (1954) recognized additional outcrops of the 

Palm Spring Formation in the Borrego Badlands and San Felipe 

Hills in the northwestern Salton Trough and ir. ~he Indio and 

Mecca Hills in the northeastern Salton Trough. Tne Palm 

Spring Formation in the FCVC area averages 3000m in 

thickness (Downs and White, 1968; Woodard, 1974; White et 

a1., 1991), of which approximately 1320m are the Huesos 

"member". 
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Ayajlabjljty and condjtjon of Outcrops 

Most lithologies in the Palm Spring Formation are 

poorly cemented. The extremely arid climate now occurring 

in the area precludes deep soil development and extensive 

vegetative cover. These factors combine to produce a 

badlands topography. Individual beds can be traced 

laterally for distances exceeding 1km. 

Geologic and paleontologic study of the Palm Spring 

Formation in the Fish Creek-Vallecito Creek area is enhanced 

by the fact that most of the stratigraphic section is 

undisturbed by faulting. When the upper part of the 

Imperial Formation, about SOOm, is included in the section, 

more than 4000m of fossiliferous sediments are exposed for 

study. 

The best exposures of the Palm Spring Formation occur 

between Vallecito Creek on the southwest, the Vallecitio 

Mountains on the northwest, Fish Creek on the northeast, and 

Arroyo Hueso on the southeast (Figure 9). In this area the 

sediments are folded and uplifted in a northwest-southeast 

striking homoclino with Qt, avarage dip of 240 to the 

southwest, but are otherwise structurally undisturbed 

(Woodard, 1963; Downs and White, 1968). This area has been 

informally referred to by the LACM and IVCM as the "type 

area" . 
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Two factors, however, make the field situation slightly 

less than ideal. The first is the occurrence of late 

Pleistocene gravels which cap a large area of potential 

outcrop, especially the lower part of the Palm Spring 

Formation (Figure 7). These horizontally bedded gravels 

represent the "L"-suite Canebrake Conglomerate-equivalent 

sediments deposited after the 0.9/0.7 Ma tectonic event that 

formed the homocline in the FCVC area. The gravels rest 

with angular unconformity on the Palm Spring Formation and 

form the topographic features known as South, West, Middle, 

and East Mesas, as well as numerous, smaller, unnamed mesas 

(Figure 9). These gravels obscure facies relationships and 

contacts as well as covering potentially fossiliferous 

sediments. The second factor is the presence of the series 

of en echelon faults in the southeastern-most exposures of 

the Palm Spring Formation. 

Southwest of Arroyo Hueso, Woodard (1984) mapped ten en 

echeleon faults. The faults generally trend northeast

southwest and inVOlve the Palm Spring, Imperial, and Split 

Mountain Formations (Figure a). Motion on these faults is 

mainly left-lateral strike slip with a minor vertical 

component (Woodard, 1963; Winker, 1987). The northwestern

most fault (the West Mesa Fault) trends nearly north-south 

from the rim of West Mesa south toward the junction of 

Arroyo Hueso and Vallecito Creek (Woodard, 1963) (Figure a). 
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Southeast of West Mesa Fault the Palm Spring Formation 

occurs as a relatively narrow band of exposures between West 

and South Mesas (to the north) and Vallecito and Carrizo 

Creeks (to the south) (Figures 7, 8). The remaining faults 

divide these exposures into fault blocks labeled A 

(northwestern-most) to J (southeastern-most) (Figure 8). 

Additionally, fault blocks C and 0 are internally disturbed 

by faults with smaller displacements. 

The amount of lateral and vertical displacement along 

these faults has never been resolved due to the lack of 

prominent marker beds in the faulted part of the Palm Spring 

Formation. Woodard (1963) used the gradational Tapiado

Huesos contact as his reference for lateral displacement 

aiong the faults bound'n~ tau1t blocks A, B, and C. 

However, Woodard's (1984) unpublished geologic map indicates 

that this contact is substantially lower in the section than 

it was when mapped in 1963. Consequently, the displacement 

along these faults has not been adequately resolved. 

Determining the correct amount of lateral displacement 

along these en echelon faults is essential for 

biostratigraphic purposes. There are many fossil localities 

with biostratigraphical1y significant taxa, e.g. Hammuthus, 

in the fault blocks. Their correlation would allow these 

fossil localities to be placed in the collecting level 

framework established by Dr. T. Downs of the LACM (pers. 



66 

comm., 1990) and their biostratigraphic utility enhanced. 

Correlating the fault blocks with the "type section" and 

among themselves may be determined by the use of "key" beds 

or, possibly, by matching of paleomagnetic zones that arA 

based on a closely spaced sampling scheme. Accomplishment 

of the fault block correlation is high priority for future 

research. 

A ridge of sediments included within the Huesos 

"member" occurs on the southwest side of Vallecito Creek 

(Figures 7, 8). This ridge is separated structurally from 

the "type section" and from the fault blocks by a branch of 

the Elsinore fault zone. The records at the LACM and IVCM 

refer to this ridge as "Hollywood and Vine, west of Huesos" 

or as "Hollywood and Vine". The name comes from a signpost 

erected at a campground opposite the ridge. 

Descriptions of the "members" of the palm Spring Formation 

Djablo "member N 

The lower part of the Palm Spring Formation consists of 

two prominent lithofacies that are laterally 

intergradational (Woodard, 1963; Winker, 1987). The first 

of these lithofacies consists primarily of reddish, orange, 

yellow, and tan fine-grained sandstones, siltstones, and 

claystones. This lithofacies ;s approximately 1500m to 2200m 

thick according to Woodard (1963). Woodard (1963) named the 

entire lower part of the Palm Spring Formation as the Diablo 
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"member" and referred to this particular lithofacies as the 

"lower submember". Winker (1987), mainly on the basis of 

sediment provenance, restricted the definition of the Diablo 

"member" to Woodard's (1963) "lower submember". The second 

lithofacies in the lower part of the Palm Spring 

Formation will be discussed under the 011a "member" of 

Winker (1987). For this study, the 011a and Diablo 

"members" were observed in the field only in a 

reconnaissance survey because fossils are uncommon in these 

two units. 

The Diablo "member" contains a variety of lithologies, 

sedimentary structures, and bedding types. Winker (1987) 

observed that the restricted definition of the Diablo 

"member" contains two lithofacies. Both are composed 

primarily of "e"-suite sediments. 

The first Diablo lithofacies of Winker (1987) consists 

of fine to very-fine grained, well-sorted, sandstones, 

usually in upward-fining cycles (Allen, 1965) displaying 

massive to thick bedding. These sandstones are the most 

conspicuous feature of the Diablo "member". They are 

commonly pale-orange in color. Winker's (1987) second 

Diablo lithofacies makes up about 20~ of the Diablo "member" 

and is composed of reddish claystone plus interbedded 

siltstone and thin sandstone beds. The claystones are 

mostly massively bedded. The uniform red color is 
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occasionally broken by thin beds of green-gray and blue-gray 

claystone. 

For a more complete description of the Diablo "member", 

the reader is referred to Woodard (1963) and Winker (1987). 

Q lla "member" 

The other prominent lithofacies in the lower part of 

the Palm Spring Formation consists of coarse-grained 

sandstones, conglomerates, and micaceous siltstones of 

dominantly "L"-suite provenance that are interbedded and 

gradational with dominantly HeN-suite sediments identical to 

those in the Diablo "member" (Woodard, 1963; Winker, 1987). 

Woodard (1963) named this rock unit as the "upper submember" 

of the Diablo "member". Winker (1987), however, 

demonstrated that Woodard's (1963) two submembers of the 

Diablo "member" were lateral equivalents, not superposed 

units. He renamed the "upper submember" as the Olla 

"member". Field observations showed that, as reported by 

Winker (1987), the 011a "member" is lithologically distinct 

from the restricted Diablo "member" because it contains both 

"C"- and "L"-suite sediments and forms a mappable 

lithostratigraphic unit so that its separation from the 

Diablo "member" is logical and useful for paleoenvironmental 

reconstruction. 

The 011a "member" is most extensively exposed in the 

northwest part of the FCVC area (Figure 7). Woodard (1963) 
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reported an average thickness for the 011a "member" (his 

"upper submember") of 1060m. The reconnaissance survey of 

indicated that the descriptions of the 011a "member" by 

Woodard (1963) and Winker (1987) are accurate. 

Within the "L"-suite sediments of the 011a "member", 

one set of beds is of particular interest. These are beds 

of alternating light to dark gray, thin-bedded (.2 to 1.0m), 

fine-grained sandstone and micaceous siltstone. These beds 

have been referred to as "banded silts" in the records of 

the LACM. The -banded silts" are significant because they 

have produced the terrestrial fossil specimens from the Olla 

"member". 

For more detailed descriptions of sediments included in 

the 011a "member", the reader is referred to Woodard (1963) 

and Winker (1987). 

Tap j acto "member Of 

The upper part of the Palm Spring Formation also 

consists of two prominent lithofacies, which are superposed 

on the 011a and Diablo "members". The first of these 

lithofacies in the upper Palm Spring Formation is a lens of 

green, olive, and gray claystones with subordinate siltstone 

and buff or tan sandstone. Woodard (1963) named the first 

lithofacies the Tapiado "member". Only the upper 275m of 

the Tapiado "member" were studied in the field in any 

detail. These field observations provide more detail about 
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Figure 10. Measured section A B through the upper part 
of the Tapiado "member" and Huesos "member" of the Palm 

Spring Formation. See Figure 9 for location of 
sectlon. Green lacustrine claystones indicated 

measured 
by g. 
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the depositional environments in the Tapiado "member" than 

is available in the literature. 

The Tapiado "member" occurs as a lens of argillaceous 

sediments within the predominantly arenaceous Huesos 

"member". The contact between the Tapiado "member" and the 

overlying Huesos "member" is gradational so the exact limit 

of the Tapiado "member" is unresolved. Woodard (1963) 

reported that this unit was about 425m thick in its informal 

type section in Secs. 29 and 30, T. 14 5., R. 8 E., Arroyo 

Tapiado Quadrangle. W;nker (1987) reported a thickness of 

approximately 200-250 m. I measured 275m of the Tapiado 

"member" in section A-B (Figure 10). This measured section 

begins at the 1049ft elevation marker at the intersection of 

Sees. 24 and 25, T. 14 S., R. 7 E. and Sees. 19 and 30, T. 

14 5., R. 8 E., Arroyo Tapiado Quadrangle and continues to 

Mesquite Oas;s. 

Sediments in the Tapiado member are characterized by 

blue-gray, olive-green, and gray colors; predominance of 

claystone and siltstone; thin, even bedding; laterally 

persistent beds; biotite-rich siltstones and sandstones, and 

arkosic sandstones (Woodard, 1963; Winker, 1987). These 

sediments are characterized as distal units of "LD-suite 

provenance (Winker, 1987). 

W;nker (1987) also noted the presence of 

claystone/siltstone/very fine to fine sandstone sequences 



interbedded with the claystones. Woodard (1963) reported 

that the claystones and siltstones were massively bedded. 
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In fresh exposures these sediments are uniformly finely 

bedded. In the claystone/siltstone/sandstone sequences of 

the Tapiado "member" Winker (1987) reported that ripple 

lamination, especially climbing-ripple lamination, is common 

and that some of the sandstones exhibit convolute 

lamination. Woodard (1963) also reported that the 

claystones in the lower and upper part of the Tapiado 

"member" were gypsiferous, but Winker (1987) did not 

recognize gypsum in this unit. I note that the gypsum in 

the claystones of the Tapiado "member" is not primary, but 

is a post-depositional diagenetic feature as it occurs as 

crystals which line post-depositional cracks that cross 

bedding planes in the claystones and siltstones. 

The upper half of the Tapiado "member" is 

lithologically more heterogeneous (Figure 10), in having 

lenses of coarse sandstone interbedded with claystones and 

siltstones. The change from fine to very coarse-grained 

sediments is abrupt, usually without noticeable evidence of 

scour. The presence of olive or blue-gray claystone or 

siltstone intraclasts at the base of some of the very 

coarse-grained sa~dstones indicates that some of the 

underlying sediments were eroded. These very coarse-grained 

sandstones form the bases of upward-fining sequences (Allen, 
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1965) (Figure 14). Sediments in an upward-fining sequence 

are brown, buff, or pale-gray. I observed that a sequence 

starts with very coarse sandstone or small pebble 

conglomerate (Figures 10, 14). The grains are angular, well 

sorted, arkosic, and of definitive granitic derivation. 

Occasional small lenses and thin stringers of granitic and 

metamorphic pebbles can be found. Bedding is variable; the 

more common type of bedding is a chaotic or "torrential" 

type suggesting very rapid deposition (Woodard, 1963). 

Trough cross-bedding grading upward into lamninar bedding 

can sometimes be observed. These coarse-grained sediments 

grade upward into medium and fine-grained sandstone, usually 

with indeterminate bedding, which in turn grade upward into 

micaceous sandy siltstones, siltstones, and claystones with 

calcareous nodules. An olive or gray claystone or siltstone 

begins the next cycle. 

Each upward-fining sequence can be traced along strike 

for distances of one kilometer or more. These sequences 

laterally grade into finer sediments. A well-defined 

channel is not observed in conjunction with these sequences. 

Upward-fining sequences have the appearance of a slurry

sheet that was rapidly deposited over a broad area. A 

complete sequence averages approximately five meters in 

thickness, and can exceed ten meters, yielding width/depth 

ratios greater than 100. 
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Woodard (1963) mentioned that he observed white 

limestone lenses in the upper part of the Tapiado "member". 

Winker (1987), however, did not observe any limestone 

deposits in his survey of the Tapiado "member". Field 

observations show that Woodard (1963) was correct with 

regard to the presence of limestone in the Tapiado "member". 

limestone is a very minor component of the upper Tapiado 

"member". One thin (70cm), laterally persistent bed of 

white, micritic limestone (bed 47) occurs in section A-B 

(Figure 10). Bed 47 in my measured section forms several 

small. prominent hogbacks in the NE i. Sec. 25. T. 14 S., R. 

7 E., Arroyo Tapiado Quadrangle; it can be traced to the 

southeast and northwest for several hundred meters where it 

grades into a calcareous, gray clay in each direction. 

Fossil locality MlC 91-4 was collected from this bed (Figure 

9). The Tapiado "member" contains the tuff bed from which 

Johnson et a1. (1983) obtained the zircons dated for the 

fission-track age of 2.3 ± 0.4 Ma. This tuff bed is about 

30cm thick. porce1 aneous , and forms a distinct white horizon 

that stands out from the interbedded olive-green 

claystones. The tuff bed was not encountered in measured 

section A-B; it occurs stratigraphically below the base of 

this measured section. 
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Huesos "member" 

The predominant lithofacies in the upper part of the 

Palm Spring Formation consists mainly of tan and buff, 

micaceous silty-sandstones; brown and buff, micaceous 

siltstones; gray and buff, very coarse-grained sandstones; 

and subordinate gray and tan claystones (Winker, 1987; 

Woodard, 1963, 1974). Woodard (1963) named this lithofacies 

the Huesos "member". He separated the upper 150m of this 

major lithofacies as the named Vallecito "member". No 

evidence could be found to support this separation; like 

Winker (1987), I was unable to distinguish the Huesos and 

Vallecito "members". Thus, the name Vallecito "member" is 

not used in this study. 

The Huesos "member" crops out extensively along Carrizo 

Wash. North of the wash it occurs in the Vicinity of 

Vallecito Creek, Arroyo Huesos, Arroyo Tapiado, and in the 

fault blocks southeast of West Mesa Fault (Figures 7, 8, 9). 

Exposures of the Huesos "member" can also be found south of 

Carrizo Wash in the area of Sweeny Pass and Canyon Sin 

Nombre which is southwest of the FCVC area. The Sweeny 

Pass-Canyon Sin Nombre area has not been extensively 

searched for fossils. 

The great majority of the vertebrate fossils in the 

Salton Trough have been collected from the Huesos "member". 

The Huesos "member" can be readily distinguished from the 
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underlying Diablo and 011a "members", with which it has a. 

conformable and sharp contact by the total absence of "C"

suite sediments (Winker, 1987), as well as a change from 

well-defined channel architectural elements (Walker and 

Cant, 1984; Mial1, 1985a,b) of the Oiab10 and NCB-suite 

portion of the Olla to those of broad, poorly-defined 

channels of the Huesos "member". Differentiating the Huesos 

·'member" from the Tapiado "member" is more difficult because 

of their gradational contact. The main criteria to 

distinguish the Huesos "member" from the Tapiado "member" 

are the drabber tan and buff colors, smaller percentage of 

claystones, and larger proportion of sandstones (Woodard, 

1963; Winker, 1987). Thinner, less continuous conglomerates 

and absence of alluvial fan architecture (Bull, 1972; Rust 

and Koster, 1984) distinguish the Huesos "member" from the 

Canebrake Conglomerate, with which it intergrades. 

In the Fish Creek-Vallecito Creek area the HuesoB 

"member" is conveniently divided for discussion purposes 

into three geographic and structural blocks (Figure 9). The 

first block occurs north and west of West Mesa Fault and 

contains the 1320m-thick measured section c-o (Figure 11) in 

the structurally undisturbed "type area". The second block 

is the set of en echelon fault blocks southeast and east of 

the West Mesa Fault between Vallecito Creek and West and 

South Mesas (Figure 8). The third block is the 
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Hollywood and Vine block (Figure 8). The Hollywood and Vine 

block is isolated from the "type area" and other fault 

blocks by Vallecito Creek and a branch of the strike-slip 

Elsinore Fault zone. The sediments at Hollywood and Vine 

form the uppermost part of the Huesos "member". The 

Hollywood and Vine block has undergone more rotation than 

the "type area". Here, the sediments of the Huesos "member" 

show an average dip of 240 southwest, as in other areas of 

exposed Huesos "member", but have an average strike of N54W 

compared to that of N45W for the "type area". The Huesos 

"member" in the Hollywood and Vine block is approximately 

450m thick (measured section E-F, Figure 12). Vertebrate 

fossils have been recovered from all three of these blocks. 

Sediments of the Huesos "member" present a monotonous 

color sequence of predominantly brown, buff, and subordinate 

light gray in contrast to the blue-grays, olive-greens, 

pinks, oranges, and reds of the Tapiado, 011a and Diablo 

"members". Within this drab color array a variety of 

lithologies can be observed. 

The Huesos "member" is primarily a sandstone-dominated 

unit (~60~), and the sandstone beds tend to be better 

cemented and more resistant to erosion than the siltstones 

and claystones, forming a distinctive series of parallel, 

along-strike ridges. Grain size, sorting, and roundness of 

the sandstones ;s quite variable. Grain sizes range from 
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very fine to very coarse. Sorting is usually moderate. 

Angular to subangular grains are most common. 

Compositionally, the sandstones are clearly of Winker's 

(1987) local or "L"-suite provenance. Quartz, white to 

gray, is the dominant sand-forming mineral, although white 

K-feldspar and gray plagioclase comprise up to 30. of a 

sandstone. Biotite is also very common in the sandstones. 

Alignment of biotite flakes along bedding planes accentuates 

many sedimentary structures in beds of fine-grained 

sandstone. Lithologic composition'in the Huesos "member" is 

readily derived from granites exposed in the Vallecito and 

Tierra Blanca Mountains, which form the northern and western 

limits, respectively, of the depositional area (Figure 9). 

The very coarse-grained sandstones cannot be distinguished 

from weathered granite debris now accumulating at the feet 

of the surrounding mountains. 

The internal structure of the sandstone beds is 

complex, especially that of the very coarse-grained 

sandstones, reflecting the ephemeral and quickly changing 

streams that deposited them. Most often, the sandstones, 

especially the very coarse-grained sandstones, appear to be 

massively or "torrentially" bedded (Woodard, 1963) with 

sedimentary structures, if any, confined to the basal part 

of a bed. There are no sedimentary structures, such as 

lateral and vertical accretion structures, indicating that 
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the very coarse-grained sandstones formed by the coalescing 

of bars that eventually filled the stream channel. Finer 

grained sandstones are often massively bedded. Other 

primary sedimentary structures such as trough cross

stratification, small-scale scour-and-fi11, low-angle planar 

cross-stratification, convoluted bedding, and subparallel 

lamination are best developed in the finer grained 

sandstones. The bases of most sandstone beds are sharply 

defined and erosional, with the amount of scour usually less 

than ten centimeters. None of the sandstones were observed 

to form well-defined channels. The thicknesses of the 

sandstone beds are variable from a few centimeters to 

several meters. The thinner sandstone beds usually occur in 

thick sequences of alternating sandstone and siltstone. The 

thicker sandstone beds form laterally extensive sheets 

(>1 km) which are often very coarse-grained. Laterally, the 

very-coarse grained sandstones usually grade into finer 

grained sandstones and siltstones, although in a few 

instances they can be seen to become thinner where they 

erode into underlying sediments. Nearly all the sandstone 

beds in the Huesos "member", regardless of thickness or 

grain size, form part of upward-fining sequences (Allen, 

1965) that terminate in siltstone or, in some cases, 

claystone. An upward-fining sequence may terminato either 

in a sharp contact with an overlying sandstone bed or may 
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show no discernable break in deposition where the uppermost 

siltstone/claystone grades into an alternating sandstone and 

siltstone sequence. Some of the sandstone beds, however, 

remain sandy throughout their vertical extent, terminating 

in sharp contact with the overlying beds. 

The most common fine-grained sediment in the Huesos 

"member" is silt. Based on the data used to compile the 

measured sections (Figures 10-13), silt comprises about 35~ 

of the Huesos "member". Siltstones occur either as 

admixtures with fine-grained sand at the top of upward

fining sheet-channel sequences (~44~ of total silt 

occurrences); as thin beds in alternating sequences of thin

bedded sandstone and siltstone separating sheet-channel 

sequences (~23X of total silt occurrences); or as thick, 

>1m, laterally extensive beds (=34~ of total silt 

occurrences). The thicker siltstone beds exhibit 

homogeneous bedding while the thin beds in the alternating 

sandstone-siltstone sequences usually show a crude laminar 

bedding. The silty sandstones at the tops of upward-fining 

sequences are mostly homogeneously bedded, but within them 

can be found small areas where laminar bedding has been 

preserved. Biotite grains are a very common constituent of 

the Huesos "member" siltstones and their presence frequently 

clarifies bedding and sedimentary structures. 
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Conglomerates are uncommon in the Huesos "member". 

although some of the very coarse-grained sandstones 

occasionally contain isolated pebbles and cobbles. or small 

lenses and thin stringers of pebbles. Channel-lag 

conglomerates at the bases of channel sequences are 

uncommon. Conglomerates are more common in the upper part 

of the Huesos "member" (above the level of the View of 

Badlands Ridge) and towards the margin of the basin where 

the Huesos "member" grades into the Canebrake Conglomerate. 

A prominent conglomerate bed supports the View of Badlands 

Ridge; this conglomerate is approximately 2.4m thick and 

forms the base of an upward-fining. 3.1m-thick sequence 

(measured section G-H. Figure 13). The View of Badlands 

conglomerate grades into finer sediments as it is followed 

northwest and southeast along strike; it has no visible 

connection with the Canebrake Conglomerate. The View of 

Badlands conglomerate is significant in that it occurs just 

above the base of the Olduvai paleomagnetic subchron and is 

thus a visible reference for the Plio-Pleistocene boundary 

in the Fish Creek-Vallecito Creek area. This conglomerate 

also forms a baseline for the fossil collecting units of Dr. 

T. Downs of the LACM (pers. comm •• 1990). 

Clast size and composition are fairly uniform in all 

conglomeratic units of the Huesos "member". Most clasts are 

in the pebble to small cobble size range and are usually 
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rounded. The View of Badlands conglomerate is an exception, 

as it contains boulder-sized clasts. Granite is the main 

clast-forming lithology in all the conglomerates. Rip-up 

clasts from subjacent beds are uncommon. Clasts of 

quartzite, pegmatite, and gneiss are less common than 

granitic clasts. 

Claystones are also uncommon in the Huesos "member"; 

they occur more frequently in the lower part of the Huesos 

"member" where it grades into the Tapiado "member". 

Claystones are generally olive-green or blue-gray in the 

lower part of the Huesos "member", light gray or tan in the 

upper part. In the Hollywood and Vine block, where the 

uppermost part of the Huesos "member" is exposed, the number 

of claystones increases and the vivid green and blue-gray 

colors occur. 

When present, claystone beds range from approximately 

0.1 to 1.5m in thickness in the Huesos "member" and are 

laterally extensive. To the northwest, claystone beds 

become thinner and sandier, grading into sandstones, 

especially near fossil locality MLC 91-52 (SE i, Sec. 14, R 

7 E., T 14 S., Arroyo Tapiado Quadrangle) (Figure 9), in the 

Huesos-Tapiado transition (Figure 15). This thick olive

green claystone interfingers with two tongues of thin

bedded, gray and tan claystone, buff siltstone, and fine to 

medium-grained, buff sandstone. Farther northwest the same 
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olive-green claystone unit (now three thinner tongues) 

grades into thin beds of gray clays separated from each 

other by the dominantly buff-colored tongues and eventually 

the entire seQuence grades into buff sandstones and 

siltstones. Fine laminae are common in the olive-green 

claystones and asymmetrical ripple marks can occasionally be 

found. The blue-gray, light gray, and tan claystones are 

almost always structureless, massively bedded, and show 

lateral persistence. Some of the light gray claystone beds 

are calcareous and weather to dull white, chalky nodules. 

Limestones are extremely rare in the Huesos "member". 

The few that do occur. are thin «O.2m) and lenticular, 

such as bed H21 in measured section G-H (Figure 13), which 

produced fossil locality MLC 91-34. 

Paleosols are poorly developed in the Huesos "member". 

The few places where paleosol development is suspected occur 

in finer grained lithologies; e.g., claystones and/or sandy 

claystones. The most common paleosol lithology that is 

encountered is caliche. Caliche horizons usually occur in 

gray claystone beds as layers of white, irregularly-shaped 

calcareous nodules. Bed H6 in measured section G-H (Figure 

13) exhibits a well-developed caliche horizon. Three layers 

of calcareous nodules occur in a gray, sandy claystone which 

shows poorly developed ped structure. Each layer of nodules 

is separated from the others by a O.3-to O.5m-thick, very 
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fine-grained sandstone. The sandstone and sandy claystone 

layers are gradational with each other. The lowest nodule 

layer is approximately 0.2m thick and shows the poorest 

development of nodules. In this layer the nodules are thin 

and elongate. In the second nodule layer, 0.2 to 0.3m 

thick, the nodules are more numerous and more irregularly 

shaped. The uppermost nodule layer is the thickest, O.Sm, 

and shows the most dispersed carbonate in the form of many 

small, irregularly shaped nodules. 

There appears to be no geographic or stratigraphic 

pattern to the occurrence of paleosols in the Huesos 

"member". Caliche horizons also do not exhibit any 

discernable pattern to their occurrence in the Huesos 

"member". They occur in the "type area", such as IVCM 

localities 33 and 142, and in the fault blocks, such as IVCM 

localities 166 and 176. Vertebrate fossils are known from 

all the reported caliche horizons, but not from other 

possible paleosol lithologies in the Huesos "member·'. 

Closer examination of the Huesos "member" reveals an 

episodic, but not necessarily periodic pattern, to the 

lithologies and bedding (Figures 10-13). The most 

conspicuous feature is the presence of numerous upward

fining seQuences (Figure 14). These are identical to those 

observed in the upper part of the Tapiado "member". 

Thicknesses of the upward-fining seQuences are variable, 
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ranging from 0.4 to 9.7m, although most sequences are two to 

four meters thick. Within the very coarse-grained sandstone 

part of an upward-fining sequence the internal structure is 

dominated by "torrential"-bedding, as well as scattered, 

thin conglomerate lenses. Other types of sedimentary 

structures are uncommon in the very coarse-grained 

sandstones. Lenses of coarse-grained sand also occur in the 

upper, finer-grained parts of these sequences. Upward

fining sequences begin with very coarse-grained sandstones 

grading up into coarse, medium, and fine-grained sandstones, 

usually with some silt, followed by sandy siltstones, and 

ending with siltstones. In some places claystones may be 

developed at the top of an upward-fining sequence. Each 

upward-fining sequence forms a single, discrete, and 

distinctive unit that is analogous to a large-scale example 

of graded-bedding. 

Like the similar sequences in the Tapiado "member", 

those of the Huesos "member" are laterally extensive 

(>1 km), have widths much greater than thicknesses 

(width/depth ratio >100), and show poor development of a 

well-defined channel. Laterally these upward-fining 

sequences grade into fine-grained sediments. These upward

fining sequences are best described as sandy bedforms 

preserved as sheet-like bodies resulting from unchannelized 

stream flow (Friend et a1 •• 1979; Friend, 1983; Blakey and 

Gubitosa, 1984: Miall, 1985a). The most distinctive 
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features of the upward-fining sequences are their great 

lateral persistence, absence of features suggesting they are 

the product of coalescing channel deposits (no lateral or 

vertical accretion surfaces, no internal scour-and-fill 

structures), the "torrentially"-bedded character of the very 

coarse-grained sandstones, and lack of a well-developed 

channel floor (except at the lateral-most margins of some of 

the very coarse-grained sandstones). These features suggest 

that the upward-fining seQue~ces, especially their 

lowermost, very coarse-grained sandstones, formed rapidly 

during single depositional events which occurred over wide 

areas. 

Several examples of upward-fining sequences follow. 

Bed 76 in measured section c-o is 9.7m thick (Figures 11, 

14). Bed 76 rests with sharp contact on medium-grained 

sandstone at the 77S.0m level. There is no indication of 

scour into the medium-grained sandstone. Bed 76 begins as a 

very coarse-grained, moderately-sorted, angular sandstone of 

granitic provenance. Bedding is "torrential". The total 

thickness of the very coarse sandstone is 4.Sm. At 2.Sm 

above the base there is a conglomerate lens. This lens is 

about 1m thick, about Sm wide, and consists of granitic 

pebbles in a very coarse sand matrix. The pebbles do not 

show imbrication, but are horizontally bedded. Very coarse

grained sandstone continues above the lens for about 1m. At 

this point, over a distance of about 1.5m, the sand 
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grains become smaller in size, eventually becoming fine

grained sandstone. Bedding over this interval changes from 

"torrential" to homogeneous. Silt forms a very small 

component at this point. For about a thickness of 1m, the 

sand content decreases, silt content increases until pure 

beds of siltstone occur, and bedding remains homogeneous. 

The siltstone part of this sequence is 2.7m thick and also 

homogeneously bedded. Bed 76 is overlain by a fine-grained 

sandstone that begins a 32.7m-thick sequence of alternating 

sandstone and siltstone. 

Bed 2 in the Hollywood and Vine block, measured section 

E-F, (Figures 12, 14) occurs at the 4.7rn level and is 11.Sm 

thick. The upward-fining part of this bed is about 4.0m 

thick. The base of Bed 2 is in sharp contact with the 

underlying coarse sandstone. The contact shows evidence of 

scour into the underlying bed. The lowermost 2m consists of 

very coarse-grained, angular, moderately sorted, granitic 

sandstone that is mainly "torrentially" bedded. Within the 

sandstone are numerous stringers of small pebbles to large 

cobbles. The clasts in these stringers are horizontally 

bedded, not imbricated, supported by a very coarse sand 

matrix, and consist of granite. The stringers are only as 

thick as the diameter of the clasts. Over a thickness of 

about 1m the very coarse sandstone fines to medium-grained 

sandstone that is laminar-bedded. In the next 1m the medium 

sandstone grades to fine sandstone and silty, fine-
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grained sandstone that is homogenously bedded. The silty, 

fine-grained sandstone then grades into pure siltstone about 

0.5m thick. This siltstone begins a seQuence of alternating 

sandstone and siltstone 7.5m thick. 

Bed 77 in measured section A-B (Figures 10, 14) 

preserves two upward-fining seQuences. The base of Bed 77 

is at the 307.8m. The basal layer is 0.7m thick and has a 

sharp, scoured contact with the underlying gray claystone 

bed. The basal layer consists of fine- to medium-grained 

sandstone with trough and planar crossbeds. Near the 

contact, the basal layer contains conglomerate lenses formed 

by rip-up clasts of the underlying claystone. The second 

layer in Bed 77 rests sharply on the basal layer. The 

second layer begins with 0.8m of very coarse-grained, 

angular sandstone that is "torrentially" bedded. The very 

coarse-grained sandstone fines upward through about 0.2m 

into 1.3m of medium- and fine-grained sandstone that shows 

trough and planar crossbedding. The second layer has a 

sharp contact with the third layer, which is a 0.2m thick 

gray, laminar-bedded claystone. The fourth layer rests 

sharply on the third. The fourth layer is identical to the 

second, except that it is 3.8m thick, contains small, thin 

lenses of granite pebbles, and fines up into silty 

sandstone. The silty sandstone grades up into pure 

siltstone which forms the basal layer of the next bed, a 

seQuence of thick siltstones and interbedded thin 
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sandstones. 

In the lowermost part of the Huesos "member" the 

upward-fining sequences are separated from each other by 

alternating beds of sandstone, siltstone, and claystone. 

The bed immediately above an upward-fining sequence is 

usually a fine-grained sandstone or siltstone. This is 

followed by thin beds of alternating sandstone, siltstone, 

and claystone. Clay content increases upsection until a 

homogeneously bedded olive-green or blue-gray "lacustrine" 

claystone is encountered. Then the next upward-fining 

sequence occurs, with sharp contact, but with little or no 

evidence of erosion into the underlying claystone. 

The stratigraphic pattern in the middle and upper parts 

of the Huesos "member" is even more distinct. The upward

fining sequences still occur. In this part of the Huesos 

"member" they are separated by thick sequences of 

alternating siltstone and sandstone beds. These alternating 

lithologic sequences are generally much thicker than the 

upward-fining sequences, up to 67m, although most are 

usually about 30m thick, and they can be as thin as 1.1m. 

Within the alternating lithologic sequences can be 

observed a complex and varied suite of sediments, bedding 

types, and sedimentary structures. The sediments are 

predominantly sandstone, silty sandstone, and siltstone with 

claystone a minor component. Individual beds are of 

variable thickness, usually 0.1 to O.Sm, but some may be 
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more than one meter thick. There are two types of 

alternating sandstone-siltstone sequences. In the first 

type (type 1) most of the beds are relatively thick, one 

meter or more. The beds in the second type (type 2) are 

much thinner, usually 0.1 to 0.2m. The type 2 alternating 

sequence is much more common. Contacts between beds within 

the type 2 alternating sequence are usually sharp, although 

the lowermost beds in these sequences are often gradational 

with the uppermost parts of the underlying upward-fining 

sequences. Sand grains in the alternating sequences tend to 

be fine-grained, although lenses of medium and coarse

grained feldspathic sand occur. Claystones and siltstones 

are either homogeneous or laminated in the alternating 

sequences. Biotite flakes are prominent in the siltstones. 

Siltstones also show occasional planar cross-bedding. The 

silty sandstones and sandstones are also highly biotitic and 

display planar bedding, small-scale trough and planar cross

bedding, and convoluted bedding. Very small-scale climbing 

ripples can be observed in some of the fine-grained 

sandstones. Sedimentary structures and shallow, cross

cutting channels are best developed in the sandstones in the 

alternating sandstone-siltstone sequences. 

Contacts wjth Adjacent Ljthostratjgraphjc Unjts 

Woodard (1963) described in detail the contacts between 

the Imperial and Palm Spring Formations and the Canebrake 

Conglomerate as well as the contacts between the "m~mbers" 
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of the Palm Spring Formation. Winker (1987) reviewed and, 

based on the provenance suites, revised the conclusions of 

Woodard (1963). Field observations support the definitions 

of the various contacts as given by Winker (1987). Only the 

contact of the Huesos "member" will be surrvnarized. The 

reader is referred to Woodard (1963) and Winker (1987) for 

descriptions of the contacts of the other lithostratigraphic 

units in the FCVC area. 

Field observations show that the contact of the 

laterally equivalent Diablo and 011a "members" with the 

overlying Huesos" member" is sharp, conformable, and 

laterally persistent. It is marked by the highest 

occurrence of pale-orange and reddish sandstones, 

siltstones, and claystones ("C"-suite). Above this the 

sediments abruptly change to arkosic sandstones and 

micaceous siltstones and claystones C"L"-suite) that are 

buff, brown, or gray in color. 

Laterally, the contact of the Tapiado and Huesos 

"members" is gradational. Vividly colored claystones and 

siltstones of the Tapiado "member" become more drab in 

color, usually approaching a brown or buff hue, and become 

coarser, sandier, and arkosic, intertonguing with the 

sandstones and siltstones of the Huesos "member" (Figure 

17) • 

Neither Woodard (1963) nor Winker (1987) precisely 

defined the upper contact between the Tapiado and Huesos 
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"members" because the upper contact is gradational. The 

main criteria cited were the colors of the sediments (olive 

and blue-gray in the Tapiado; buff, brown and light gray in 

the Huesos), style of bedding (thin and even in the Tapiado; 

thicker and either "torrential", massive, or cross-bedded in 

the Huesos), and predominance of claystones and siltstones 

in the Tapiado "member" and sandstones in the Huesos 

"member". Field work confirmed the observations of Woodard 

(1963) and Winker (1987). Up-section, the Tapiado "member" 

lithologies become heterogeneous. The amount of sand and 

gravel increases, the thickness of individual beds 

decreases, limestone lenses occur, and more cross-bedding 

can be seen in the sandstones unti 1 the Tapiado "member·· 

becomes indistinguishable from the overlying Huesos 

"member" • 

Following the intent of Woodard (1963) and Winker 

(1987) the Tapiado-Huesos contact is best placed where the 

rocks change from dominance of claystones and siltstones to 

dominance of sandstones. Bed 66 in measured section A-B 

(Figure 10), a five meter thick bed of olive-green claystone 

with thin horizons of very fine-grained sandstone, is 

arbitrarily taken as the uppermost bed in the Tapiado 

"member". Gray and olive-green claystones/siltstones 

constitute approximately 3~ of measured section A-B above 

the top of bed 66 and 21~ of the section below and including 

bed 66. 



The Huesos-Canebrake contact is gradational (Woodard, 

1963; Winker, 1987), the two units forming the distal and 

proximal parts, repectively, of a single, fluvial, 

depositional system. The contact between the Huesos 

"member" and the Canebrake Conglomerate is arbitrarily 

placed where the dominant lithology changes from 

conglomerate to sandstone (Winker, 1987). 

Fossjls in the palm Spring Formation 
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Vertebrate fossils are common in the Palm Spring 

Formation; they will be discussed in detail in the following 

chapters of this study. Plant fossils have been collected 

from the Diablo and Olla "members"; they will be discussed 

in detail in the paleobotany section of chapter 7. 

Invertebrate fossils are uncommon in the Palm Sprir.g 

Formation. Refer to Woodard (1963) and Quinn and Cronin 

(1984) for discussion of the Palm Spring invertebrate 

fossils. The most significant aspect of the invertebrate 

fossils is that those that have been collected from the 

Tapiado "member" (gastropods and ostracodes) indicate that 

they represent species indicative of fresh-water lacustrine 

environments (Woodard, 1963; Quinn and Cronin, 1984). 

Depositional EnYironments ;n the palm Spring Formation 

DiablQ "member" 

The two lithofacies reported by Winker (1987) for the 

Diablo "member" clearly represent two distinctive 

depositional environments. Facies 1, the massive, 
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sandstone-dominated, upward-fining cycles are interpreted as 

paleochannel deposits. The claystones with interbedded 

siltstones and sandstones, Facies 2, are interpreted as 

overbank deposits. These two fluvial depositional 

environments were constituents of the delta plain of the 

Colorado River (Winker, 1987). See Winker (1987) for a 

detailed description and discussion of the depositional 

environments in the Diablo "member". 

a 1 78 "member" 

Winker (1987) included the Olla "member" in a general 

depositional environment he termed basin-margin alluvium. 

The "C"-suite sequences, like those in the Diablo "member", 

are deposits of the Colorado River delta plain and can be 

interpreted as paleochannel and overbank paleoenvironments. 

The "L"-suite sediment sequences in the 011a "member" 

were interpreted by Winker (1987) as distal tongues of a 

basin-margin bajada which included the Canebrake 

Conglomerate. The paleostreams that deposited the 011a "L"

suite sediments were primarily bedload streams as evidenced 

by the much greater abundance of sand and gravel compared to 

silt and clay in the sediments. The paucity of overbank 

sediments, general disorganization of bedding patterns, and 

medium to large-scale tangential cross-stratification 

(transverse bars) suggest that these paleostreams were part 

of a network of braided streams which flowed from the bajada 

onto the delta plain (Rust and Koster, 1984; Walker and 
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Cant, 1984). 

The paleoenvironmental significance of the Olla 

"member" is that it indicates the margin of the delta plain 

of the Colorado River (Winker, 1987). Within this marginal 

area, locally derived sediments interfingered with deposits 

of the Colorado River as the dynamics of sedimentation 

shifted from one sediment source to the other. 

Tapjado "member" 

Paleoenvironmental interpretation of the Tapiado 

"member" has favored deposition in a body of standing water 

such as a lagoon (Woodard, 1963) or lake (Woodard, 1963; 

Quinn and Cronin, 1984; Winker, 1987). The lacustrine 

interpretation is accepted in this study. This 

interpretation is based on several lines of evidence, some 

positive, some negative, as there are no unique criteria by 

which to recognize ancient lacustrine deposits (Picard and 

High, 1972). 

Sediments of the Tapiado "member" occur as an areally 

restricted lens surrounded on all sides by fluvial deposits, 

this is the most common stratigraphic setting for other 

proven lacustrine deposits (Picard and High, 1972). In 

those places where the lateral gradation from the Tapiado 

"member" to the Huesos "member" can be observed, the "ideal" 

facies pattern (Picard and High, 1972) of near-shore, coarse 

clastics grading through sands and sandy mUdstones to 

mudstones is visible (Figure 15). 
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The predominance of laterally persistent, thin-bedded 

claystones and siltstones, and the predominance of claystone 

over sandstone, especially in the lower part of the Tapiado 

"member, differentiate the lacustrine Tapiado sediments from 

the surrounding Huesos and Diablo fluvial sediments (Winker, 

1987). The aquatic fauna that has been collected from the 

Tapiado "member" clearly indicates lacustrine rather than 

marine conditions (Woodard, 1963; Quinn and Cronin, 1984). 

The batoid tooth plate is inconclusive for environmental 

interpretation as species of this order of elasmobranchs are 

known to live in both salt and fresh-water. 

Why a lake should suddenly form in the FCVC area, in 

geologic time, can only be speculated upon. The most likely 

scenario for the formation of the Tapiado lake comes from 

Sykes (1937). Sykes (1937) noted that the Colorado River is 

unique in that, prior to damming, it alternately has 

discharged into land-locked basins and the sea. The Salton 

Sea is the remnant of an avulsion event between 1905-1907 

during which the Colorado River discharged into the Imperial 

Valley. The Tapiado lake may have initially formed during a 

similar avulsion event. The cause of the avulsion is 

conjectural, it may have been tectonic or the result of an 

extreme flood event, such as that which led to the creation 

of the Salton Sea. 

Other than the very limited occurrence of thin 

limestone beds in the upper Tapiado "member, there is no 
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evidence of chemically precipitated sediments in this unit. 

This would indicate that the lake waters were primarily 

fresh rather than alkaline (Eugster and Hardie, 1975; Surdam 

and Wolfbauer, 1975; Kendall, 1984; Lowenstein and Hardie, 

1985). The presence of fresh water fossil taxa collected 

from the Tapiado "member" do not indicate that the lake was 

alkaline. The lack of an evaporite mineral facies tract or 

evidence for mud cracks or syneresis cracks strongly 

suggests that the Tapiado lake was not a playa (Eugster and 

Hardie, 1975; Surdam and Wolfbauer, 1975; Kendall, 1984; 

Lowenstein and Hardie, 1985). 

A logical interpretation of the upward-fining sequences 

in the Tapiado "member" is that they are deposits of a bed

load fluvial system, most probably a braidplain (Walker and 

Cant, 1984; Mial1, 1985a,b). Further discussion of the 

upward-fining sequences and their paleoenvironmental 

interpretation is given in the section on the Huesos 

"member". The alternating pattern of fluvial and lacustrine 

sediments along with the evidence for rapid deposition of 

the fluvial sediments in broad, unconfined channels suggests 

that fluvial discharge and deposition occurred during 

ephemeral floods. The fluvial sediments in the upper part 

of the Tapiado "member" record the final infilling of the 

lake. The infilling was occasionally interrupted by 

expansion of the lake as evidenced by the alternation of 

fluvial sands and silts with lacustrine clays, a pattern 



that persisted during deposition of the lowermost Huesos 

"member" . 

Huesos "member" 

There is agreement among the various studies (e.g. 
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Woodring, 1932; Dibblee, 1954; Woodard, 1963, 1974; Winker, 

1987) that the sediments included in the Huesos "member" 

were deposited mainly by fluvial systems. As I observed in 

the field during this study, and as noted by Woodard (1963) 

and Winker (1987), the Huesos "member" and Canebrake 

Conglomerate are, respectively, the distal, fine-grained and 

proximal, coarse-grained deposits of one major drainage 

system. The main distinction between these two parts is in 

their lithologies. The Canebrake Conglomerate is usually a 

pebble to boulder conglomerate with a coarse arkosic matrix. 

The Huesos "member" is usually a coarse to fine sandstone 

with numerous siltstones and very few conglomerates. 

Interpretation of the Canebrake Conglomerate as a S9t 

of coalescing alluvial fans or a bajada formed against the 

slopes of the surrounding mountains is not in dispute 

(Woodard, 1963; Winker, 1987). The Huesos "'member" can be 

viewed as a braidplain which developed as the distal 

extension of the Canebrake Conglomerate. The intertonguing 

relationship of the Huesos "member"' and the Canebrake 

Conglomerate suggests that these two units were dominated by 

different depositional processes and geometries. 



Acknowledging the caveats of Allen (1983) and Miall 

(1985b), the evidence presented earlier in this chapter 

supports the suggestion that the Huesos "member" is the 

product of some type of braided-stream system. 
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Deposition in the braided channel complex during 

"normal" or non-flood stream flow resulted in the sequences 

of alternating sandstone and siltstone. A reasonable 

interpretation of these sequences is that the~ represent a 

combination of broad, shallow, poorly-defined channels and 

the braidbars developed within and along the channels of a 

bedload-dominated stream system. 

The thick beds of claystone and siltstone are best 

interpreted as the fine-grained, overbank deposits on the 

floodplain. Some of the claystone beds in the lowermost 

part of the Huesos "member", where it grades into the 

underlying Tapiado Mmember", are lacustrine. 

The very broad, relatively shallow, basally very 

coarse-grained, upward-fining sequences of the Huesos 

"member" suggest several conclusions. First, the river or 

rivers which produced the upward-fining sequences were bed

load rivers in which sedimentation occurred only during 

times of flood that had the competence and capacity to 

transport a volumetrically large load of coarse-grained 

material (Miall, 1985a,b). During other times the rivers 

were probably small, shallow features depositing thin-bedded 

sediments as seen in the alternating sandstone and siltstone 



107 

sequences. Second, the lack of well-defined channels and 

large width/depth ratios (>100) of the upward-fining 

sequences would indicate that the channels were sheet-like 

rather than fixed or mobile, i.e. braided (Friend et al., 

1979; Friend, 1983; Blakey and Gubitosa, 1984; Rust and 

Koster, 1984; Walker and Cant, 1984) and that deposition 

occurred over a broad front. Third, the episodic pattern to 

the occurrence of the upward-fining sequences implies that 

occasional major flood events were responsible for only some 

of the deposition in the Huesos "member". Fourth, the 

"torrential"-bedding and absence of vertical and lateral 

accretion structures in the very coarse-grained sandstones 

of an upward-fining sequence suggest rapid deposition during 

a single flood event rather than long-term filling of a 

channel system by braidbars. Fifth, the gradation from very 

coarse sandstone to finer sands and then silts or clays in 

an upward-fining sequence also suggests that an upward

fining sequence represents the deposits of a single, short

term flood event. The finer grained portion of an upward

fining sequence represents a system of broad, shallow, 

poorly-defined channels and the bars that back-filled the 

channels during waning-flow stage of the flood event. 

The actual length of time required to deposit a single 

upward-fining sequence can only be estimated based on 

observations of Recent flash-flood events. Deposition of 

the very coarse-grained sandstones may have taken place over 
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a period of hours to weeks. The finer-grained sediments in 

the upper part of an upward-fining sequence were deposited 

during the waning flood stage and this may have taken hours 

to months. Regardless of the actual time required to 

deposit an upward-fining sequence, geologically, each of 

these sequences can be viewed as an instantaneous event 

involving very high rates of deposition. 

The amount of time necessary to deposit the fine

grained sandstones, siltstones, and claystones that separate 

the upward-fining sequences also can only be estimated. 

Studies by Sadler (1981), Friend et al. (1989), McRae 

(1990a,b), and Beer (1990) indicate that fluvial 

sedimentation rates are highly variable in time (steadiness) 

and space (uniformity). The fine-grained nature of these 

sediments, their homogeneous or fine laminar bedding, and 

lack of visible unconformities between individual beds 

suggest that these sediments accumulated slowly, over longer 

periods of time, and with a greater degree of steadiness 

compared to the upward-fining sequences. The lithologic 

variability within these finer grained sequences indicates 

that these sequences are the product of many depositional 

events. Based on the study by Friend et al. (1989), it is 

also probable that each siltstone and claystone bed, despite 

its usual homogeneous bedding, is the product of many small

scale individual depositional events. As a crude estimate, 

the sequences of finer grained sandstones, siltstones, and 



claystones accumulated over time spans ranging from 

thousands to tens of thousands of years. 
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Two examples may suffice to illustrate the differences 

in accumulation rates between the two types of sequences. 

The Olduvai subchron has a duration of approximately 0.22 Ma 

(Figure 16) and a measured thickness of 145.8m in the Huesos 

"member". This results in a net sedimentation rate 

of 0.66m/1,000yr for the entire Olduvai. Eight upward

fining sequences occur in the 01duvai with each upward

fining sequence occurring, on average, every 27,780 years. 

Although the upward-fining sequences form 21.2m (14.5S) of 

the Olduvai sediments, they likely represent, at most, two 

years of the 0.22 Ma duration. That is, the depositional 

events that formed them were geologically instantaneous. 

The remaining 124.6m sediments were essentially deposited 

over the 0.22 Ma duration of the Olduvai subchron. The 

upward-fining sequences represent net accumulation rates of 

about 10,600m/1,000yr. This extremely high rate cannot be 

sustained for long periods of time, strengthening the 

suggestion that the upward-fining sequences were 

instantaneous events. The net, long-term accumulation rate 

for the sediments deposited between the upward-fining 

sequences is approximately 0.6m/1,OOOyr. 

The Kaena subchron has a duration of 0.08 Ma (Figure 

16) and a measured thickness of 125m in the Huesos "member". 

This results in a net accumulation rate of 1.6m/l,000yr for 
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the entire Kaena subchron. Three upward-fining sequences, 

with a total thickness of S.Om (5~), occur in the Kaena. 

Each upward-fining sequence occurs, on average, every 26,670 

years. The time represented by these three upward-fining 

sequences is most probably less than one year of the 0.08 Ma 

duration of the Kaena. Aga;n, these are geologically 

instantaneous events. The remaining 119m were essentially 

deposited over the 0.08 Ma span of the Keena. The net 

accumulation rate for the upward-fining sequences in the 

Kaena is approximately 6,OOOm/1,000yr. As for the 01duvai, 

this rate is excessive over the long term, and suggestive of 

very short-pulse depositional events forming the upward

fining sequences. The remaining sediments have a net, long

term accumulation rate of about 1.5m/1,000yr. 

Within the Kaena and Olduvai sediments, well-defined, 

erosional disconformities are found at the bases of the 

upward-fining sequences. The estimated amount of time 

represented by the erosional disconformities is probably 

hours to days. The main effect of the erosional 

disconformities is to remove part of the stratigraphic 

record and increase the net, long-term accumulation rate. 

Cryptic erosional disconformities and hiatuses undoubtedly 

exist within the sediments occurring between the upward

fining sequences. The duration of the cryptic erosional 

disconformities and hiatuses cannot be estimated, but their 

effect on accumulation rates is the same as for the visible, 
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erosional disconformities. The cryptic erosional 

disconformities and hiatuses suggest that the slower. 10ng

term accumulation rate for the sediments between the upward

fining sequences is actually a composite of many higher. 

short-term rates (Friend et a1 •• 1989; HcRae. 1990a,b). In 

calculating accumUlation rates, the effect of the cryptic 

erosional disconformities and hiatuses is not included 

because their duration cannot be estimated. Thus a net. 

long-term accumulation rate is calculated for the sediments 

between the upward-fining sequences. 

The estimates of net accumulation rates from the 

examples suggest that the Huesos "member" consists of two 

repetitive sediment "packages". The first type of 

"package", the upward-fining sequences are representative of 

episodes of very high rates of accumulation operating over 

geologically instantaneous time spans. This is the less 

common "package". Fifty-eight such "packages" occur within 

the Huesos "member", based on measured sections C-D and G-H 

(Figures 11. 13). Sediments grouped within the first 

"package" have a total thickness of 132.7m or 10~ of the 

total thickness (1320m)of the measured section. 

The second sediment "package" is formed by the finer 

grained sandstone. siltstone, and claystone sequences 

occurring between the upward-fining sequences. This 

sediment "package" forms 90~ of the Huesos "member". Net 

accumUlation rates for this "package" are consider~bly lower 



than those for the upward-fining sequences, operated over 

much longer spans of time, and are possibly non-episodic. 
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The disparity in net accumulation rates for the two 

sediment "packages" suggests that sedimentation in the 

Huesos "member" was unsteady. However, when the 

contribution of each sediment "package" to the Huesos is 

considered, the long-term accumulation rates were probably 

quite steady. The upward-fining sequences form only a 

relatively small part of the Huesos and their deposition was 

essentially instantaneous so that the contribution of the 

upward-fining sequences to the net accumulation rate for any 

or all of the Huesos is negligible. However, most of the 

Huesos is formed by sediments that are not part of the 

upward-fining sequences and accumulated at much slower 

rates. The slower net accumulation rates for the sediments 

between the upward-fining sequences are more characteristic 

for the entire Huesos. Therefore it is suggested that 

sedimentation in the Huesos was relatively steady with 

occasional pulses of very short-term, high accumulation rate 

events. 

The accumulation rates calculated for the two examples 

are valid only for their respective magnetozones. These 

rates must be put into the perspective of the sedimentation 

history of the entire Palm Spring Formation. Johnson et al. 

(1983) calculated long-term, net accumulation rates for the 

uppermost Imperial Formation and Palm Spring Formation. 
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They found that accumulation rates uniformly decreased from 

5.5m/1,000yr to less than 0.5m/1,000yr over an interval from 

4.3 to 0.9 Ma. The net accumulation rate for each 

magnetozone and for the sediments between the upward-fining 

sequences also suggest that the net accumulation rate for 

the Palm Spring Formation decreased with time, providing 

support for the conclusion of Johnson et al. (1983). 

Age of the palm Sprjng Formation 

Several of the fossil mammal genera found in the Palm 

Spring Formation have biostratigraphic and biochronologic 

significance. Among these are: Dinohippus, Equus, 

Hammuthus, Lepus, Hypolagus, Sigmodon, Smilodon, 

Euceratherium, and Coendou. The fossil mammal assemblage 

from the Palm Spring Formation indicates that in the FCVC 

area this unit was deposited during the Blancan and early 

Irvingtonian NALMAs (early Pliocene to early Pleistocene) 

(Downs and White, 1968; Lundelius et al., 1987). 

Opdyke et al. (1977) and Johnson et a1. (1983) reported 

on the paleomagnetostratigraphy of the Palm Spring Formation 

and the upper 900m of the Imperial Formation. Their line 

of section included only sediments in the "type" section. 

Their results show that the paleomagnetic sequence in the 

Palm Spring Formation extends from the upper part of the 

Gilbert Chron, just below the Cochiti subchron, to the 

Matuyama Chron, possibly within the Jaramillo subcron 
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Figure 16. Local paleomagnetic sequence in the Fish Creek
Vallecito Creek area with correlation to local stratigraphy 
local faunas. and standard time scales. After Johnson et 
al. (1983) and Lindsay et al. (1987). 
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(Figure 16). It is possible that the uppermost normally 

magnetized interval in the section represents the basal 

Brunhes Chron rather than the Jaramillo subchron. According 

to Dr. E. H. Lindsay (oral comm.), Opdyke et a1. (1977) used 

a widely-spaced sampling interval. It is quite possible 

that the Jaramillo subchron was not sampled because this 

subchron is only about 60,000 years (0.94-0.88 Ma) in 

duration; in a widely spaced sampling scheme it could easily 

be missed. If this is the case, then sedimentation stopped 

and uplift began about 0.7 Ma in the FCVC area. Such a 

change in age would have an effect on the calculations of 

subsidence and sedimentation rates provided by Johnson et 

a1. (1983). Assignment of the uppermost normally magnetized 

sediments to the Jaramillo subchron or Brunhes Chron will 

depend on biochronologic evidence, as no ash beds occur in 

the uppermost part of the section. 

A fission-track age of 2.3 ± 0.4 Ma was obtained by 

Johnson et a1. (1983) from zircons in an air-fall tuff in 

the uppermost Tapiado "member". This isotopic age ties the 

local paleomagnetic section to the magnetic polarity time 

scale (MPTS) and provides c~nfidence in the assignment of 

the paleomagnetic reversals to specific chrons and subchrons 

(Figure 16). The paleomagnetic and isotopic data confirm 

the biochronologically determined ages for the Palm Spring 

and upper Imperial Formations and indicate that the upper 

4,900 m of sediments in the FCVC area were deposited between 



approximately 4.3 and 0.9 Ma (0.7 Ma if the uppermost 

sediments were deposited during the Bruhnes Chron). 
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CHAPTER 4 

VERTEBRATE FAUNA FROM THE FISH CREEK-VALLECITO CREEK SECTION 

Vertebrate fossils in the Anza-Borrego Desert have been 

collected almost entirely from the Palm Spring Formation, 

especially the Huesos "member". A few fossils have been 

obtained from the very uppermost sediments of the Imperial 

Formation. Several significant collections have been 

secured from the Diablo and 011a "members" of the Palm 

Spring Formation. Most of these collections were taken from 

the upper part of the Diablo "member" and the "L"-suite 

sediments of the Olla "member". Fossil localities in the 

Tapiado "member" are mainly confined to the upper part of 

that unit where it transitions into the Huesos "member". 

Drs. J. A. White (Univ. Arizona) and T. Downs (LACM), in 

oral communication, have indicated that when the area was 

first collected, fossils were very abundant, either as 

surface finds or weathering out of the sediments. With 

increased collection, they noted, fewer and fewer fossils 

were found each year. They attributed this to the fact that 

nearly all the easily accessible localities were collected 

and that erosion has not had enough time during the past 

four decades to expose any more fossils in large quantities. 

Beland and Russell (1978) noted a similar situation in 

Dinosaur Provincial Park, Alberta, Canada. 

Vertebrate fossils have also been collected from the 

Borrego and Brawley Formations in the Borrego Badlands. The 
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Borrego Badlands are located approximately 45km north of the 

Fish Creek-Vallecito Creek area. The fossils from the 

Borrego Badlands have not yet been studied in detail. 

Preliminary identifications suggest that the Borrego 

Badlands assemblages are younger than those from the Fish 

Creek-Vallecito Creek area. A late Irvingtonian age for the 

Borrego Badlands assemblages is likely due to the presence 

of Hammuthus and the absence of Bison (Dr. J.A. White, oral 

comm.). These collections will require additional research 

accompanied by biostratigraphic, paleomagnetic, and isotopic 

dating studies to place them into the overall paleontologic 

and stratigraphic history of the Anza-Borrego Desert. For 

these reasons, the Borrego Badlands fossils will not be 

included in this report. 

The large and diverse collection of fossil vertebrates 

from the FCVC area was first mentioned by Downs (1957), 

although Frick (1937) published the first description of a 

fossil vertebrate (Odocoileus) from the FCVC area. Since 

then, only one study of the entire fauna has been published 

(Downs and White, 1968). Studies of individual taxa have 

appeared occasionally during the past 35 years: Becker and 

White (1981), Geomyidae; Cunningham (1984), Dipodomys; Downs 

and Miller (1994), Equidae; Howard (1963), Aves; Hutchinson 

(1987), Scapanus; Jefferson (1989), Tapiridae; Martin 

(1979), Sigmodon; Martin and Prince (1989), Sigmodon; Norell 

(1989), Lacertilia; White (1968), Coendou, White (1969), 
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Anzanycteris anzensis; White (1984, 1987, 1991), Lagomorpha; 

White and Downs (1961), Geomys garbanii; Zakrzewski (1972), 

Microtinae. 

Table 1 is an updated faunal list for the FCVC area. 

Table 1 shows the distribution of taxa according to fauna. 

Imprecisely placed taxa are also included in Table 1 to 

create a complete faunal list for the FCVC area. 

The three, superposed faunas established by Downs and White 

(1968) are the Layer Cake, Arroyo Seco, and Vallecito Creek. 

The Layer Cake fauna extends from about 2248m below the top 

of the FCVC section to the base of the fossil mammal-bearing 

part of the section in the Imperial Formation. In terms of 

collecting units, the Layer Cake fauna extends from CU 0.0 

to 29.0 (Plate 2). The upper limit of the Layer Cake fauna 

corresponds closely with the base of the Gauss Chron (~3.40 

Ma), so that the Layer Cake fauna correlates with the 

preserved portion of the Gilbert Chron in the FCVC section 

(Opdyke et al., 1977) (Figure 16). The Arroyo Seco fauna 

occurs between approximately 2248 and 991m (CU 29.1-46.9; 

Plate 2) below the top of the section, correlating, 

according to Opdyke et a1. (1977), with the limits of the 

Gauss Chron (~3.40-2.47 Ma) in the section (Figure 16). The 

Vallecito Creek fauna occurs between approximately 991m 

below the top of the section to the top (CU 47.0-66.9; Plate 

2), correlating, according to Odyke et a1. (1977), with the 

preserved portion of the Matuyama Chron (=2.47-0.94/0.73 Ma) 
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(Figure 16). 

Identification of specimens for inclusion in Table 1 

was taken from the taxonomic studies listed above as the 

most recent and reliable identifications in museum catalogs. 

These identifications were rechecked as the specimens were 

examined for taphonomic analysis and identifications were 

updated to account for taxonomic revision or synonyms. 

Unpublished identifications are given to their lowest secure 

taxonomic level. 

Identification of taxa, as described above, has been 

uneven, and will have an effect on the accuracy and 

precision of biostratigraphic hypotheses based on the taxa. 

Identification to species has mainly occurred only with 

those taxa for which there are published studies. Specimens 

listed in museum records, but unpublished, are, nearly 

always, identified to either the generic or familial level. 

The entire vertebrate fauna from the FCVC area 

consists of 119 named genera. Of this number, 88 are still 

extant while 31 are extinct. Considering mammalian genera 

only, there is a total of 75 genera of which 48 still 

survive and 27 are extinct. 

The age of the FCVC fauna is constrained by 

biostratigraphic, paleomagnetostratigraphic, and fission 

track data. All the data indicate that the entire fauna 

existed during the Blancan (but not earliest Blancan) and 

early Irvingtonian NALMAs (Downs and White, 1968; 
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Opdyke et a1., 1977; Lindsay et a1., 1984; Lunde1ius et a1., 

1987). 

Further discussion of this topic will be given in the 

chapter on local stratigraphic ranges in the FCVC area 

(Chapter 5). 



Table 1. Complete Vertebrate Fauna of the Fish Creek
Vallecito Creek Area. 
LC = Layer Cake local fauna; AS = Arroyo Seco local fauna; 
VC = Vallecito Creek local fauna; HV = Hollywood and Vine; 
IP = imprecise placement 

Taxa 

CLASS CHONDRICHTHYES 
Order Batoidea 

Family Myliobatidae 
Genus and species indet. 

Order Galeomorpha 
Family Carcharinidae 

Hemipristus serra 
Family Cetorhinidae 

Cetorhinus sp. 

CLASS OSTEICHTHYES 
Division Teleostei 

Genera and species indet. 

CLASS A~PHIBIA 
Genus and species indet. 

Order Anura 
Family Bufonidae 

Bufo sp. 

CLASS REPTILIA 
Order Chelonia 

Family Emydidae 
C1emmys marmorata 
C1emmys sp. 
Pseudemys scripta 
Pseudemys sp. 

Family Kinosternidae 
Kinosternon sp. 

Family Testudinidae 
Genus and species indet. 
Geoche7one sp. 
Gopherus agassizi 
Gopherus sp. 

Order Squamata 
Suborder Lacertilia 
Family Anguidae 

Gerrhonotus mu7ticaminatus 
Gerrhonot.us sp. 

LC 

+ 

+ 

+ 

AS 

+ 

+ 

+ 

+ 
+ 

+ 

yc 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 

+ 

HY IP 

+ 

+ 
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Table 1. Continued 

ID~D LC AS ~C t:I~ Ie 
Family Iguanidae 

Crotaphytus sp. + 
Dipsosaurus dorsa7is + + 
Gambe 7 i a corona + 
Phrynosoma anzaense + 
Phrynosoma sp. + 
Pumi7ia novaceki + + 
Sce7oporus sp. + 
Sceloporine Type A + + 
Sceloporine Type B + + 

Family Scincidae 
Eumeces sp. + + 

Family Teiidae 
Ameiva sp. or 
Cnemidophorus sp. + 
Teiini gen. and sp. indet. + + 

Family Xantusiidae 
Xantusia downsi + + 

Suborder Serpentes 
Family Colubridae 
Genus and species indet. + 
Hypsig7ena ap. + 
Masticophis f7age77um + 
Lamprope7tis getu7us + 
Thamnoph is sp. + 

Family Viperidae 
Crota7us ap. + 

CLASS AVES 
Order Anaeriformes 

Family Anatidae 
Genus and species indet. + 
Anas acuta? + 
Anas c7ypeata + 
Anser (Chen) sp. + 
Brantadorna downsi + 
Bucepha7a fossi7is + 
He7anitta perspici77ata ? + 
Oxyura bessomi + 

Order Charadriiformea 
Family Charadriidae 

Charadrius vociferus + 
Phoenicopterus sp. 

Order Ciconiiformea 
Family Teratornithidae 

Teratornis incredibi7is + + 
Teratornis sp. + 
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Table 1- Continued 

Ia2S;A LQ AS ~Q I::f~ IE 
Order Falconiformes 

Family Accipitridae 
Aqui7a chrysaetos ? + 
Aqui 7a sp. + 
Neophrontops va77ecitoensis + 

Family Falconidae 
Genus and species indet. + 

Family Vulturidae 
Gymnogyps sp. 

Order Galliformes 
Family Phasianidae 
Genus and species indet. + 
Agriocharis anza + 
Lophortyx gambe77i + 
Lophortyx sp. + 
He7eagris sp. + 

Order Gaviiformes 
Family Gaviidae 

Gavia sp. + 
Order Gruiformes 

Family Gruidae 
Grus canadensis + 

Family Rallidae 
Fu7ica americana ? + 
Fu 7 ica hesterna + 
Ra77us 7imico7a ? + 
Ra 7 tus ap. + 

Order Passeriformes 
Genera and species indet. + + 

Famil y Corvidae 
Genus and species indet. + 

Family Fringillidae 
Genus and species indet. + 

Order Pelecaniformes 
Family Pelecanidae 

Pe7ecanus ap. + 
Order Piciformes 

Family Picidae 
Genus and species indet. + 

Order Podicipediformes 
Family Podicipedidae 

Aechmorphus occidentalis + 
Podiceps caspicus + 
Podiceps sp. + 

Order Strigiformes 
Family Strigidae 
Asio sp. + 
Genus and species indet. + 



Table 1. Continued 

Taxa 

CLASS MAMMALIA 
Order Insectivora 

Family Soricidae 
Genus and species indet. 
Notiosorex sp. 
Sorex sp. 

Family Talpidae 
Genus and species indet. 
Scspsnus ms7stinus 
Scspsnus sp. 

Order Chiroptera 
Genus and species indet. 

Family Vespertilionidae 
Anzanycteris snzensis 
Genus and species indet. 

Order Edentata 
Family Megalonychidae 

Megslonyx whest7eyi 
Mega70nyx sp. 

Family Megatheriidae 
Nothrotheriops sp. 

Family Mylodontidae 
G7ossotherium sp. 

Order Lagomorpha 
Family Leporidae 

Genus and species indet. 
Hypo7sgus edensis 
Hypo7agus vetus 
Lepus cs 7 70tis 
Lepus sp. cf. L. ca770tis 
Lepus sp. 
Nekro7agus sp. 
Pewe7sgus dswsonse 
Sy7vi7sgus hibbardi 
Sy7vi7sgus sp. cf. 
S. f70ridanus 
Sy7vi 7sgus sp. 

Order Rodentia 
Family Castoridae 

Castor sp. 
Family Cricetidae 

Genus and species indet. 
Baiomys sp. 
Ca70mys (Bensonomys) sp. 
Lasiopodomys sp cf. 
L. deceitensis 
Microtus ca7ifornicus 
"Microtine" indet. 
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Table 1. Continued 

Taxa 

Family Cricetidae 
Hictomys anzaensis 
Neotoma sp. 
Onychomys sp. 
Peromyscus sp. 
Terricola meadensis 
Reithrodontomys sp. 
Sigmodon lindsayi 
Sigmodon minor 
Sigmodon sp. 

Family Erethizontidae 
Coendou bathygnathum 
Coendou stirtoni 
Coendou sp. 

Family Geomyidae 
Genus and species indet. 
Geomys anzensis 
Geomys garbanii 
Geomys sp. 
Thomomys sp. 

Family Heteromyidae 
Genus and species indet. 
Dipodomys compactus 
Dipodomys hibbardi 
Dipodomys sp. cf. D. minor 
Dipodomys n. sp. A 
Dipodomys n. sp. B 
Dipodomys sp. 
? Hicrodipodops sp. 
Perognathus sp. 

Family Hydrochoeridae 
Hydrochoerus sp. 

Family Sciuridae 
Genus and species indet. 
Eutamias sp. 
Spermoph i 1 us sp. 

Order Carnivora 
Family Canidae 
Genus and species indet. 
? Borophagus sp. 
Canis latrans 
Canis priscolatrans 
Canis sp. cf. C. dirus 
Canis sp. near C. lupus 
Canis sp. 
Urocyon sp. 
Vulpes sp. 

LC AS VC HV 
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+ + + 

+ + 
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Table 1. Continued 

Taxa 

Family Felidae 
Genus and species indet. 
Fe 7 is conco 70r 
Fe7is sp. cf. F. conco7or 
Fe7is rexroadensis 
Fe7 is sp. 
Lynx sp. 
Lynx sp. cf. L. rufus 
Panthera atrox 
Panthera ap. cf. P. onca 
Smi 70don graci7 is 

Family Huatelidae 
Genus and species indet. 
cf. Gu70 sp. 
Muste7a sp. cf. H. frenata 
? P7iotaxidea sp. 
Sp i 70ga 7 e sp. 
Taxidea ap. 
Trigonictis sp. 

Family Procyonidae 
Basssriscus sp. 
cf. Nasus sp. 
Procyon sp. 

Family Ursidae 
Arctodus sp. 
Tremarctos sp. cf. 

T. f70ridanus 
Tremarctos sp. 
Ursus sp. 

Order Proboscidea 
Family Elephantidae 
Genus and species indet. 
Mammuthus ap. 

Family Gomphotheriidae 
? Cuvieronius sp. 
Stegomastodon ap. 

Family Hammutidae 
Genus and species indet. 
Mammut sp. 

Order Perissodactyla 
Family Equidae 
Genus and species indet. 
cf. Dinohippus sp. 
Equus (Asinus) sp. 
Equus (Do7ichohippus) 

simp 7 icidens 
Equus (D07ichohippus) sp. 

cf. E. (D.) simp7icidens 

LC AS yc HY IP 
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Table 1. Continued 

TAXA LC AS yc HY IP 

Family Equidae 
Equus (Do1ichohippus) ernomis + 
Equus (Do1ichohippus) sp. + + 
Equus (Equus) ap. + + 
Equus (Hemionus) sp. + 
Equus rrancescana + 
Equus sp. + + + 
cf. Hippidion sp. + 

Family Tapiridae 
Genus and species indet. 
Tapirus merriami + 
Tapirus sp. + 

Order Artiodactyla 
Family Antilocapridae 

Genus and species indet. + 
? Anti 10capra sp. + 
Capromeryx sp. + + + 
Tetrarneryx sp. + + + 

Family Bovidae 
Genus and species indet. + 
Eucerather;um sp. + 
Ovis sp. cf. O. canadensis + 
? Ovis ap. + 

Family Camelidae 
Genus and species indet. + + 
Came lops sp. + + 
Hemiauchenia ?blancoensis + 
Hemiauchenia sp. cf. 
H. macrocepha7a + 
Hemiauchenia sp. + + + + 
Titanoty7opus sp. + + + 

Family Cervidae 
Genus and species indet. + + + 
Cervus ap. + 
Navahoceros n. sp. + + 
Odocoi 1eus sp. + + 

Family Tayassuidae 
Genus and species indet. + 
Hy70hyus sp. + 
P1atygonus sp. + + + 



CHAPTER 5 

LOCAL STRATIGRApHIC RANGES OF MAMMALIAN TAXA AND 

GEOCHRONOLOGY IN THE FISH CREEK-VALLECITO CReeK seCTION 
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The purpose of this chapter is to document the local 

stratigraphic ranges of mammalian genera and species in the 

FCVC section (Plate 2). The FCVC section is of very high 

stratigraphic Quality, is coupled with a long, complete 

paleomagnetic record, and is covered by a practical method 

of locating specimens in the section. This allows one to 

determine an accurate local biostratigraphy. The 

significance of the biostratigraphic record from the FCVC 

area is that it shows when specific taxa appeared and 

disappeared from the area. These appearances and 

disappearances can, in some cases, be linked to known 

immigration events, actual originations and extinctions, 

ancient biotic interactions, or paleoenviornmental changes. 

The pattern of appearances and disappearances provides 

important information on the evolution of the Blancan and 

Irvingtonian paleocommunities in the FCVC area, especially 

how those paleocommunities may have changed or not changed 

in response to additions and losses of species. 

The local stratigraphic ranges shown on Plate 2 are a 

revision of the studies of Downs and White (1968) and Opdyke 

et al. (1977). Revision is necessary due to re

identification of some specimens and the inclusion of the 

former IVCM collection in the data base. This collection 



was not made until after the studies of Downs and White 

(1968) and Opdyke et a1. (1977). 
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Several fectors have combined to make the Fish Creek

Vallecito Creek area one of the few Cenozoic terrestrial 

sections where biochronology and geochronology can be 

adequately studied. First, the Palm Spring Formation 

consists of nearly 4,000 meters of sediments which were 

deposited at higher than average accumulation rates (Johnson 

et al., 1983) and contain few hiatuses of any significant 

length. Second, past research has provided an excellent 

paleomagnetostratigraphic record supplemented by a fission 

track date so that the local paleomagnetic section can be 

accurately correlated with the magnetic polarity time scale 

(Opdyke et a1., 1977; Johnson et a1., 1983). For this 

reason it is easier to discuss the local stratigraphic 

ranges of taxa and biochronology in the FCVC section in 

terms of paleomagnetic chrons and subchrons (Figures 16, 17; 

Plate 2). Third, a collecting grid combined with a 

standardized method of recording fossil localities developed 

by Dr. Theodore Downs of the LACM has made it possible to 

accurately place specimens in the thick pile of sediments. 

This collecting grid can be correlated with the local 

paleomagnetic section and thus with the Magnetic Polarity 

Time Scale (MPTS) so that the local first and last 

appearances of taxa can be rather accurately determined and 

dated (Plate 2). Fourth, the collection of fossil specimens 
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has been intense and thorough since the 1950's. Collection 

methods have included quarrying, screen-washing, and surface 

collecting. Every effort was made, especially by the IVCH, 

to obtain all exposed fossil material and to identify it 

taxonomically and by skeletal element. Fifth, nearly all 

the fossil specimens have been identified to at least the 

genus level and many of the small mammals to the species 

level. This enhances their biochronologic utility. 

This favorable association of factors is, however, not 

perfect. These factors can be accurately applied only to 

the "type section" of the Palm Spring Formation for the 

following reasons. 1. Those portions of the sediments in the 

en echelon fault blocks have not been correlated to the 

paleomagnetic section, the measured sections, or the 

collecting grid. This is because the actual amount of 

offset along each fault has not been accurately determined; 

marker beds are difficult to locate and trace latera11y for 

any great distance and paleomagnetic sections have not been 

made in the fault blocks. Thus, the stratigraphic 

relationships of the fault blocks to the "type section" are 

currently unresolved. A similar situation occurs in the 

Hollywood and Vine block, although it can be confidently 

stated that this section represents some of the uppermost 

exposures of sediments in the area. Both the fault blocks 

and th~ Hollywood and Vine areas have been as intensively 

collected as the main body by the IVCH and LACH. The result 
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is that the localities and taxa from the fault blocks and 

Hollywood and Vine block cannot be included in the revision 

of local stratigraphic ranges and a biochronology derived 

from those ranges. 

2. Not all the fossil localities were plotted on the 

collecting grid and field notes provide no record of their 

actual stratigraphic position. This is the case for both 

the IVCM and LACM collections. This means that some 

biostratigraphica1ly important taxa, such as Terric07a 

meadensis, cannot be located in the section and must be 

excluded from the revision. 

3. Fossil locality data plotted on air photos held by 

volunteer collectors has not always been accessible. These 

data might expand the local stratigraphic ranges of several 

taxa, fill in gaps in the local ranges of other taxa, add 

additional taxa to the stratigraphic compilation, and so 

enhance faunal and geochronologic definition and 

characterization. 

4. Many specimens have not been identified to the 

species level, which makes fine-scale biostratigraphic 

zonation of the FCVC section unfeasible. Therefore, the 

genus will be the main taxonomic level for most of the 

following discussion. 

Collecting Units in the Fish Creek-Val1ecitp Creek Sectipn 

Fossils collected in the FCVC area can be accurately 

placed in the local stratigraphic section by means of a 
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collecting level grid (Dr. T. Downs, pers. comm., 1990). 

This method of placing fossil specimens and localities in 

the FCVC section was developed because of the inadequacy of 

topographic maps for accurately plotting fossil localities 

and the lack of measured sections. The topography of the 

area is extremely rugged and requires a much smaller contour 

interval than is available on current topographic maps for 

accurate depiction of the topography. Because no measured 

sections were made by the IVCM and LACM during the period of 

intense collecting, a means of ordering localites and taxa 

was necessary, hence the development of the collecting level 

grid. The following comments about the collecting grid are 

based on information supplied by Dr. Theodore Downs of the 

LACM (pers. comm., 1990). 

The collecting grid (referred to as collecting Nzones" 

in earlier literature, e.g. Opdyke et al., 1977) is based on 

aerial photographs. Collecting grid is to be preferred over 

"zone" to avoid confusion with biostratigraphic zones. The 

aerial photographs are 1:20000 scale from the USDA Soil 

Conservation Service dated 26 April 1953, AXN-16M, AXN-4M, 

and AXN-15M for Imperial County, California. The use of 

aerial photographs allows collectors to more accurately plot 

fossil localities because the photographs show the 

topography in more detail than topographic maps. In the 

FCVC area, once a fossil haS been found its location is 

marked on the aerial photograph with an insect pin and the 



pin hole circled on the back of the photograph with the 

locality's field number. 
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Geographic location of fossil sites, and thus taxa, is 

accomplished by means of a grid system. The base line used 

to order sites stratigraphically is a line drawn at the top 

of the prominent ridge held up by the conglomerate at View 

of Badlands on aerial photograph AXN-16M-202. The base line 

can be extended to other photographs in the series. 

Distances are measured using the 40 scale on an engineer's 

rule. The scale is placed perpendicular to the base line 

and the number of units from the base line to the fossil 

locality is counted. Every ten units, starting at the base 

line, forms a collecting unit. Each collecting unit 

represents approximately 61 meters of sediment so that 

fossils can be placed to within about six meters of each 

other. Collecting units are parallel to the strike of the 

sediments in the FCVC section, do not necessarily coincide 

with beds of particular sediments, and may encompass a 

variety of sediment types and depositional environments. 

The base line forms the base of collecting unit 56. 

Numerical designations for collecting units decrease down

section and increase up-section from the base line. 

The lateral or along-strike position of fossil 

localities is determined by their placement relative to a 

line drawn through the middle of the V-shaped gap at View of 

Badlands. This line is perpendicular to the base line. As 
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for the stratigraphic position of localities, the 40 scale 

is used and every ten units form a strike-position unit. 

Strike-position units are arbitrarily numbered from 1 to 61 

in a NW-SE direction. This series starts approximately 610 

meters within non-sedimentary rocks which are located in 

Sec. 3 and 4, T.14S., R.SE. on the Arroyo Tapiado 

topographic map. 

It is important to remember that the collecting units 

and strike-position units are applicable only to that part 

of the FCVC section undisturbed by faulting, i.e. the "type 

section". The fossil localities in the en echelon fault 

blocks southeast of West Mesa Fault and in the Hollywood and 

Vine section are not covered by the collecting grid. This 

is because these two areas have not been accurately 

correlated with the "type section" of the FCVC section. In 

the northwesternmost part of the section the sediments wrap 

around an anticlinal axis so that the collecting units there 

are only approximate. This is because the conglomerate at 

View of Badlands used to indicate the base line fines 

laterally and is not present in the nose of the anticline. 

The collecting grid forms the basis for the local 

stratigraphic ranges shown in Plate 2. Sixty-six collecting 

units (CU) have been established in the FCVC section. Five 

of these are of major importance in the section. The base 

of CU 56 forms the base line for the collecting grid, as 

already mentioned. Collecting unit 56 also is positioned 
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within the geochronologically important Olduvai subchron. 

The Blancan-Irvingtonian boundary occurs at the base of CU 

56 and the Plio-Pleistocene boundary, at the top of the 

Olduvai subchron, falls with this interval at CU 56.3. 

Collecting unit 7 is an important reference level because it 

starts at the contact between the Imperial and Palm Spring 

Formations. The base of CU 29 coincides with the Gilbert

Gauss magnetic chron boundary which is also the division 

between the Layer Cake and Arroyo Seco local faunas (Opdyke 

et al. 1977). The contact between the Diablo/Olla "members" 

and the Huesos/Tapiado "members" coincides with CU 42.4. 

Loca] stratigraphic ranges in the Fjsh Creek-Vallecito Creek 

Section 

Using the collecting grid, the local stratigraphic 

ranges of mammalian genera and species in the FCVC section 

are plotted on Plate 2. The lowest local stratigraphic 

occurrences of the 29 mammalian families are also plotted on 

Plate 2. Seven criteria were followed in constructing Plate 

2, as discussed in the following paragraphs. 

First, the genus is the preferred taxon because most of 

the specimens have not been adequately described below the 

generic level. The speCies name, if known, is added only if 

the genus contains more than one species in the FCVC 

section. Equid subgenera are also plotted separately 

because of their potential biostratigraphic and 

paleoecologic significance. Specimens identified only to 
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the family level were not plotted, as this would produce 

only a very generalized result. It should be noted, 

however, that a number of families, such as the Cervidae and 

Felidae, have longer stratigraphic ranges than indicated by 

genera and species listed in those families. 

Second, the paleomagnetic reversal pattern is after 

Opdyke et al. (1977) and Johnson et a1. (1983). Absolute 

dates for the magneto lone boundaries are from Mankinen and 

Dalrymple (1979). Only that portion of the paleomagnetic 

section that is covered by the collecting grid is shown on 

Plate 2 and Figure 17. 

Third, indications that some doubt exists as to the 

identification of a genus or species, such as ?, cf., or 

near, are omitted from Plate 2. 

Fourth, only mammalian taxa were considered in the 

construction of Plate 2. 

Fifth, only taxa in the "type section" have been used. 

Sixth, only taxa from collecting sites that have been 

located in the "type section" using the collecting grid have 

been used. 

The latter two criteria form constraints that do not 

detract very much from the results shown in Plate 2. The 

major possible effects of the omitted sites are either to 

produce gaps in the local stratigraphic range of a taxon or 

to alter the first or last local appearances of taxa. Of 75 

mammalian genera, only seven cannot be stratigraphically 



located using the collecting grid. These are Terrico7a, 

avis, Cuvieronius, Hy7ohyus, P7iotaxidea, Panthera, and 

Himomys. 
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Gaps in the local stratigraphic ranges of the FCVC taxa 

are probably artifacts of collecting or taphonomic bias. 

Plate 2 is self-explanatory with regard to the local 

stratigraph~c ranges of genera and species from the FCVC 

section. Table 2 summarizes the genera whose local 

stratigraphic ranges have changed since the studies of Downs 

and White (1968) and Opdyke et ale (1977). Based on the 

summary studies of Kurten and Anderson (1980), Savage and 

Russell (1983), Lindsay et ale (1984), and Lundelius et ale 

(1987), and references in those studies, several of these 

changes probably represent the oldest or youngest 

appearances of their respective genera in North America. 

The changes in local stratigraphic ranges are important 

because they indicate when genera and species appeared or 

disappeared in the FCVC area. The appearances and 

disappearances can be used for biochronologic subdivision, 

to examine the nature of the faunal change at Land Mammal 

Age bondaries, and to show ecologic change based on changes 

in taxonomic composition. 

In the discussion on the local stratigraphic ranges of 

genera and species from the FCVC section the abbreviations 

LSD and HSD are used. They refer, respectively, to the 

lowest and highest stratigraphic datum of a taxon in a 
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iitanotylopus HSD ammufhus LS D 
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Figure 17. Faunal datum planes of biostratigraphical1y 
slgnificant taxa in the Fish Creek-Vallecito Creek section. 
LSD = lowest local stratigraphic occurrence. HSD = highes 
local stratigraphic occurrence. Terminology after Johnson 
et a1. (1975) and Opdyke et a1. (1977). Local magnetlc 
polarity reversal pattern after Johnson et ale (1983) ana 
Opdy~e et al. (1977\. 
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section (Opdyke et al., 1977) (Figure 17). These 

abbreviations are synonymous with the term ~faunal datum 

plane" introduced by Johnson et al. (1975). LSDs and HSDs 

refer exclusively to a taxon's stratigraphic position in a 

local section and not to its first and last appearances in 

the geologic record. For this reason the use of these 

abbreviations and the concept behind them is to be preferred 

when dealing with local stratigraphic sections, as there is 

no necessary connotation of evolutionary first appearances 

and actual extinction. Correlation of LSDs and HSDs to the 

MPTS orders these datums and allows establishment of a 

biochronology (Lindsay et al., 1984). Clusters of HSDs and 

LSDs may indicate times of significant faunal change in an 

area and possible paleocommunity reorganization. Figure 17, 

based on figure 10 of Opdyke et a1. (1977), shows the LSDs 

and HSDs of biochronologically important genera in the FCVC 

section. Figure 17 retains some of the LSDs/HSDs of Opdyke 

et a1. (1977) (Stegomastodon HSD, Smi7odon LSD, Odocoi7eus 

LSD), adds other LSDs/HSDs, and revises some LSDs/HSDs. The 

last two categories of LSDs/HSDs are discussed below. 

Discussion for Table 2 and Figure 17 is limited to 

those genera or species that are of biochronologic or 

paleoecologic significance. 

The Blancan NALMA is divided into early and late 

sUbdivs;ons. The division is arbitrary, but can be 

identified by the first occurrences in the fossil record of 
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South American immigrants that arrived via the Panamanian 

Land Bridge. This event took place between 2.7 and 2.5 Ma 

during the late Gauss Chron and indicates the beginning of 

the late Blancan (Lundelius et a1., 1987). Early and late 

subdivisions of the Blancan are preferred in place of the 

Rexroadian and Senecan "subages" of the Blancan proposed by 

Schultz et al. (1978). Subdivision of the Irvingtonian is 

more difficult as maJOi immigration or extinction events are 

poorly constrained during this Mammal Age. The Irvingtonian 

has been divided into early and late phases by many authors 

(Schultz et a1., 1978, Lunde1ius et a1. 1987; Repenning, 

1987), but no consistency exists in the subdivisions. The 

"subage" names, Sappan (early) and Sheridanian (late), 

proposed by Schultz et a1. (1978) have not been accepted by 

most researchers of the Irvingtonian because they are 

applicable only in Nebraska. Following Repenning (1987), 

the division between the early and late Irvingtonian is 

taken at 0.9 Ma for this study. This places practically all 

the Irvingtonian part of the FCVC section within the early 

Irvingtonian. Perhaps the Hollywood and Vine block may be 

late Irvingtonian. 

~mmutbus 

The specimens of Hammuthus sp. are biochronologically 

significant. These specimens were collected in the 

"type section" at CU 56.0 and in the Hollywood and Vine 

block. The Hollywood and Vine specimen (IVCM 124, 
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Table 2. Mammalian Genera and Species Whose Local 
Stratigraphic Ranges Have Been Extended in the FCVC Araa. 
HSDs and LSDs in Collecting Units. Age Interpolated from 
the Local Paleomagnetic Reversal Pattern of Johnson et a1. 
(1983) and the MPTS. C1 = C1arendonian, Hh = Hemphi11ian, 
B1 = Blancan, Ir = Irvingtonian, Rb = Rancho1abrean, 
Rc = Recent. 

Genus/Species HSp/LSP 

Calomys (Bensonomys) HSD 57.8 

Microtus ca7ifornicus LSD 57.8 

Hydrochoerus LSD 51.0 

Gu70 LSD 52.2 

Canis 7atrans LSD 44.3 

Canis priscolatrans LSD 47.5 

Arctodus LSD 51.5 

Fe 7 is sp. cf. 
F. conco7or 

Navahoceros n.sp. 

Tetrameryx 

cf. Dinohippus ap. 

Equus (Equus) 

LSD 48.4 

LSD 49.8 

LSD 37.S 

HSD 43.0 

LSD 50.6 

AgelMa) RAnge 
Old New 

1.5 Hh-B1 2 ,3 Hh-Ir5 

1.5 Ir-Rc1 ,2 B1-Rc4 

1.96 Ir-Rt1,2 B1-Rc5 

1.94 Ir-Rc1 ,2 B1-Rc5 

2.85 Ir-Rc1 ,2 B1-Rc5 

2.3 Ir2 Bl-Ir5 

1.95 Ir-Rb1,2 B1-Ir5 

2.7 

2.0 

3.15 

2.96 

1.97 

Ir?-Rc 1 ,2 B1-Rc5 

Rb l ,2,6,7 B1-Rb5 

B1-Rb l ,2,S 
Oldest r~cord in 
N. Amer. 

C1-Hh lO C1-B1 9 

Ir-Rc11 Bl-RC5 

1= Kurt~n and Anderson, 1980. 2= Savage and Russell, 1983. 
3 = Lindsay et a1., 1984. 4 = Repenning, 1992. 5 = This 
report. 6 = Kurt~n, 1975. 7 = G. Miller, unpub. data. 
8 = Johnston and Savage, 1955. 9 = Downs and Miller, 1994. 
10 = Hulbert, 1989. 11 = Winans, 1989 
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IVCM locality 38) cannot be assigned to a collecting unit; 

its occurrence high in the section is not unexpected. The 

specimen from CU 56.0 in the "type section" (IVCM 1892-1, 

1892-2, IVCM 10c. 492) consists of associated partial tooth 

and bone fragments identified by George Miller. IVCM 1892-

1/1892-2 was collected from sediments correlated with the 

01duvai subchron (Plate 2); it is the basis for the 

Hammuthus LSD (Figure 17). As a result, the Hammuthus LSD 

is placed just slightly below the Plio-Pleistocene boundary, 

within the Olduvai subchron, at approximately 1.77 Ma. 

Hypolaqus 

Hypo7agus vetus is a characteristic Neogene taxon. Its 

local stratigraphic range in the FCVC section is from 

CU 18.2 to 39.8 (~3.7-3.2 Ma) (Plate 2). The H. vetus HSD 

is the Hypolagus HSD (Figure 17). This probably represents 

a local extinction for the species and possibly its North 

American extinction, as the species is not known from 

younger sediments elsewhere (White, 1984, 1987). This is 

significantly different from the Hypolagus HSD calculated by 

Opdyke et a1. (1977) at about 2.3 Ma. 

White (1987) further revised the Hypo7agus collection 

and showed that a second species, H. edensis was present in 

the FCVC section, apparently sympatric with H. vetus. 

Hypo7agus edensis occurs in the middle Blancan (Gauss Chron 

just below the Mammoth subchron to just below the Kaena 

subchron) (figure 12 of White, 1987) (Plate 2). Hyp07agus 
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edensis has a known geologic range from the late Hemphillian 

(lower part of Chron 5) to the late Blancan (lower part of 

the Matuyama Chron). This species is known from the Elk 

Hills, California, and Ninefoot Rapids, Idaho, local faunas, 

which are younger than the HSD of H. edensis in the FCVC 

section (White, 1987). 

Both Hypo7agus vetus and H. edensis disappear from the 

FCVC section at approximately the same time, leaving 

Pewe7agus dawsonae as the surviving archaeolagine in the 

section. White (1984, 1987) considers the extinction of 

Hypo7agus and its probable replacement by Sy7vi7agus a 

significant biostratigraphic as well as ecologic event. 

Pewelaqus 

The remaining archaeolagine in the FCVC section is 

Pewe7agus dawsonae, first described by White (1984) from the 

Palm Spring Formation in the FCVC section. Two species are 

now recognized, P. dawsonae from California, Texas, and 

Nevada, and ?P. mexicanus from Guanajuato, Mexico (White, 

1987). Pewe7agus dawsonae is a persistent, but uncommon, 

species in the FCVC section. It is known from CU 25.6 to 

55.5 (=3.5-1.8 Ma), entirely within the Blancan part of the 

section (Plate 2). The HSO of P. dawsonae is immediately 

below the the Blancan-Irvingtonian boundary (Figure 17). 

Pewe7agus dawsonae is probably the latest archaeolagine in 

the fossil record and with its extinction the Archaeolaginae 

disappear from the fossil record (White, 1987). 
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Sylyjlaqus 

The leporine genus Sy7vi7agus is represented in the 

FCVC section by two species, s. hibbardi (White, 1984) and 

Sy7vi7agus sp. cf. S. F70ridanus (White, 1991) (Plate 2). 

Additional specimens, mainly postcranial elements, non

diagnostic to species have been referred to Sy7vi7agus sp. 

Sy7vi7agus hibbardi is the more common of the two species 

and the most common rabbit in the section. 

The Sy7vi7agus LSD (Figure 17) is based on s. hibbardi 

(White, 1984) at CU 45.6 (Plate 2). This is at the 

approximate upper range of the Arroyo Seco local fauna of 

Downs and White (1968). The Sy7vi7agus LSD occurs in the 

upper Gauss Chron with an interpolated age of 2.6 Ma; it is 

only about 0.1my earlier than the Sy7vi7agus LSD listed hy 

Opdyke et al. (1977). Sy7vi7agus ranges from the late 

Blancan to the Recent (Kurten and Anderson, 1980; Savage and 

Russell, 1983). Sy7vi7agus F70ridanus is still extant, but 

s. hibbardi is confined to the late Blancan-early 

Irvingtonian interval. Sy7vi7agus hibbardi is also known 

from elsewhere in California, Texas, Arizona, and Sonora, 

Mexico (White, 1991). The genus is well represented in the 

Irvingtonian and Rancholabrean NALMAs as well as the 

Holocene. 

Lepus 

Lepus is very rare in the FCVC section. Its LSD (~1.9 

Ma) is at CU 55.0 (single specimen) which is about 90 meters 
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below the base of the Olduvai subchron (Figure 17, Plate 2). 

Only two other definitive specimens of Lepus are recognized. 

They both occur in CU 55.4, immediately above the base of 

the Olduvai subchron. This places the Lepus LSD about 

250 Ka before the Plio-Pleistocene boundary. The FCVC Lepus 

LSD is slightly younger than the Borchers, Kansas Lepus LSD 

(=2.0 Ma) (Lindsay et al., 1976; Lundelius et al., 1987). 

The significance of these faunal datums is their 

relationship to the definition of the Irvingtonian NALMA 

(Lundelius et a1., 1987). If Lepus is used to define the 

Irvingtonian, sensu Murphy (1977) and Woodburne (1977), then 

it must be concluded that the Blancan-Irvingtonian boundary 

occurs approximately 250 Ka prior to the Plio-Pleistocene 

boundary which has been placed at 1.66 Ma. 

Recognition of LSDs and HSDs and the use of taxa to 

define boundaries requires that the taxon be unambiguously 

identified (Woodburne, 1977, 1987). White (1984) stated 

that identifying fossil specimens as Lepus is extremely 

difficult if not impossible, espeCially if they must be 

distinguished from Sylvilagus. The two genera cannot 

unambiguously be distinguished on the basis of size, 

postcranial elements, or dental morphology. Only the 

diastemal portion of the dentary seems to be a reliable 

criterion to separate fossil material of Lepus from that of 

Sylvilagus. Reference to this criterion means that only 

three lagomorph specimens in the FCVC section can reliably 
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be identified as Lepus: IVCM 407 (Lepus sp., locality 110, 

CU 55.0, partial right dentary with p3-m1); IVCM 413 (Lepus 

sp. cf. L. ca77otis, locality 113, CU 55.4, partial left 

dentary with p2-p3); and IVCM 4812 (L. ca77otis, locality 

113, CU 55.4, right dentary with p3-m3). 

Cosndou 

In the FCVC section erethizontid fossils are 

represented by Coendou sp., C. stirtoni (White, 1968), and 

C. bathygnathum. The LSD of Coendou is based on C. 

stirtoni, and is at CU 47.2 (very earliest Matuyama Chron, 

~2.47 Ma) (Figure 17). The species of Coendou are probably 

descended from South American immigrants to North America 

(White, 1968). The signifcance of Coendou is that it 

represents the earliest South American immigrant via the 

Panamanian Isthmus in the FCVC section and so indicates the 

presence of that land bridge. The earliest representatives 

of the genus are late Blancan, at approximately the same 

time in the FCVC and Wolf Ranch sequences (Harrison, 1978). 

Geomys 

Geomys is the most abundant rodent genus in the FCVC 

section. Specimens have been identified as Geomys sp., G. 

anzensis, and G. garbanii (White and Downs, 1961; Backer and 

White, 1981) (Plate 2). 

The earliest record of Geomys is in the Fox Canyon 

local fauna of Kansas and the Layer Cake local fauna in the 

FCVC section. The Fox Canyon local fauna is in reversely 
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magnetized sediments, probably from the latter part of the 

Gilbert Chron with a possible age from 3.3 to 3.5 Ma 

(Lindsay et a1., 1976). In the Layer Cake local fauna, 

which spans the interval from approximately 4.3 to 3.4 Ma, 

the lowest occurrence of Geomys is a specimen of G. anzensis 

at CU 17.9 (LACM locality 65184). The Geomys LSD is in 

reversely magnetized sediments of the upper Gilbert Chron 

with an interpolated age of 3.68 Ma (Figure 17). This is a 

somewhat older first appearance of G. anzensis than was 

reported by Becker and White (1981) who placed the lowest 

occurrence of Geomys anzensis just above the base of the 

Gauss Chron at approximately 3.3 Ma. The Geomys LSD 

presented in this study is older by about 0.38my than that 

reported by Opdyke et a1. (1977). 

Geomys anzensis is the smaller and older of the two 

Geomys species in the section; it is sympatric with G. 

garbanii from CU 37.4 to the top of the section and the two 

species have been found together in at least six different 

LACM localities (Becker and White, 1981) and, by my count, 

three IVCM localities. Geomys anzensis has a longer 

stratigraphic range than G. garbanii, but was apparently 

less abundant than G. garbanii. 

The larger, and apparently more abundant, Geomys 

garbanii appears in the section at CU 37.4 (IVCM 4799, 

locality 860), in the lower Gauss Chron just below the 

Mammoth subchron, interpolated at 3.2 Ma. This is older 
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than the earliest appearance of G. garbanii reported by 

Becker and White (1981), placed in the early Matuyama Chron 

about 164 meters below the Olduvai Subchron (~1.93 Ma). 

Geomys garbanii continues to the top of the main body of the 

section as well as being found, with G. anzensis, in the 

Hollywood and Vine section. 

Sigmodon 

Downs and White (1968) reported that three species of 

Sigmodon occur in the Feve section. These species were 

designated as "A", "B", and "C" on the basis of size (small, 

medium, and large, respectively). Sigmodon "A" was 

considered characteristic of the Arroyo Seco local fauna. 

Its local stratigraphic range overlapped that of Sigmodon 

"9" which in tUrn overlapped that of Sigmodon "C", the 

stratigraphically highest Sigmodon species. 

Martin (1979) studied the LACM Sigmodon specimens. He 

identified two species and one subspecies of Sigmodon in the 

section. Sigmodon medius medius was synonymized with 

Sigmodon "A," reported as occurring in the Layer Cake and 

Arroyo Seco local faunas. An indeterminate subspecies of S. 

medius, synonymized with Sigmodon "9", was recorded from 

sediments deposited during the transition from the Arroyo 

Seco local fauna to the Vallecito Creek local fauna. The 

Vallecitio Creek local fauna contained specimens referred to 

as cf. S. curtisi (= Sigmodon He"). The Layer Cake local 

fauna specimens of S. medius medius probably represent the 
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earliest fossil record of the genus. 

In a subsequent publication, Martin (1986) synonymized 

Sigmodon medius with S. minor, recognizing two subspecies, 

S. minor minor and S. minor medius. Sigmodon minor minor 

was known only from the Borchers fauna, Kansas and the 

Curtis Ranch fauna, Arizona. All other known fossil 

populations of S. minor were identified as S. m. medius, 

including those from the FCVC section. In the FCVC section, 

Martin (1986, figure 2) illustrated a temporal size increase 

in the FCVC Sigmodon populations. The caption for this 

figure indicated that S. m. medius occurred in the Layer 

Cake and Arroyo Seco faunas and the Arroyo Seco-Vallecito 

Creek transition. The Vallecito Creek fauna cotton rat was 

identified as Sigmodon sp. cf. S. curtisi • 

Martin and Prince (1989) described a new species of 

Sigmodon, S. 7indsayi, from the Vallecito Creek local fauna. 

Sigmodon 7indsayi has a restricted and unusual pattern of 

occurrence in the section. Sigmodon 7indsayi is found in CU 

53.8 (a single specimen), from CU 55.5 - 57.7, and last 

appears in CU 58.8 (collecting levels of the localities 

reported by Martin and Prince are slightly in error and have 

been corrected here). In the collecting levels containing 

S. 7indsayi, it is the only species of Sigmodon found. 

Martin and Prince (1989) strongly imply, but do not 

explicitly state, that the only other species of Sigmodon in 

the FCVC section is S. minor. Sigmodon minor is referred to 
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by them as the common species of cotton rat in the section. 

The collecting levels containing S. minor do not yield 

specimens of S. 7indsayi. This is a change from Hartin 

(1979) in which S. minor was not reported from the section. 

The status of cf. S. curtisi and S. minor medius, mentioned 

by Har~in (1986), was not commented upon by Martin and 

Prince (1989), nor were the IVCH specimens of Sigmodon 

studied for their paper. 

The best interpretation of Hartin and Prince (1989) is 

that only two named species of Sigmodon occur in the FCVC 

section, S. minor and S. 7indsayi (Plate 2). Restudy of the 

LACH specimens has presumably resulted in the assignment of 

the Sigmodon species named in Martin (1986) to either S. 

minor or S. 7indsayi. The IVCH specimens are referred to in 

this report only as Sigmodon sp. (Plate 2). 

Sigmodon minor and S. 7indsayi were apparently not 

sympatric. The replacement pattern of one species by the 

other may be due to real ecological factors or incorrect 

stratigraphic placement of some of the specimens (Hartin and 

Prince, 1989). 

The various species of sigmodon have great potential 

for evolutionary, paleoecological, and biostratigraphic 

studies (Hartin and Prince, 1989). The Sigmodon LSD (Figure 

17) in the FCVC section is at CU 6.2 which is in reversely 

magnetized sediments of the Gilbert Chron just below 

sediments of the normally magnetized Cochiti subchron. An 
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interpolated age for this LSD, which is in the Layer Cake 

local fauna, is approximately 4.0 Ma. This may be the 

earliest record of Sigmodon in North America (Lundelius et 

al., 1987). Depending on author, the Sigmodon LSD may be at 

the Hemphillian-Blancan boundary or up to 0.4my younger than 

that boundary (Lundelius et al., 1987). Sigmodon is a 

characteristic Blancan genus and it may be a potential 

boundary-defining genus for that HALMA, if it does not occur 

in the Hemphillian. 

Tcemacctos 

This ursid genus is known mainly from Irvingtonian and 

Rancholabrean localities. Tremarctos has a limited Blancan 

record. Specimens are known from the Grand View and 

Hagerman local faunas in Idaho (Kurten and Anderson, 1980) 

and the Arroyo Seco and Vallecito Creek local faunas in the 

FCVC section. The FCVC specimens are identified as 

Tremarctos sp. cf. T. f70cidanus by Dr. T. Downs of the LACM 

(oral comm.). They are found in CU 44.7 (upper Gauss Chron, 

late early Blancan, =2.7 Ma) and in CU 56.5 (early Matuyama 

Chron, just above the Olduvai subchron, earliest 

Irvingtonian, =1.63 Ma) (Plate 2). This locates the 

Tremarctos LSD (Figure 17) about 0.2my prior to that 

published by Opdyke et al. (1977), but is still consistent 

with the known fossil record of the genus given by Kurten 

end Anderson (1980) and Savage and Russell (1983). 
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Tetcamecyx 

The common large form of antilocaprid from the FCVC 

section has been referred to Tetcameryx sp. It is rarer in 

the section than Capromeryx sp. The Tetrameryx sp. LSD is 

in CU 37.8 which is situated in sediments deposited during 

the earliest part of the Mammoth subchron of the Gauss Chron 

at approximately 3.15 Ma (Plate 2). This moves the 

Tetrameryx sp. LSD about 0.65my earlier than that given by 

Opdyke et al. (1977) (Figure 17). Within the "type 

section", Tetrameryx sp. occurs up to CU 58.5 and is also 

found in the Hollywood and Vine block. This gives 

Tetrameryx sp. a Blancan to Irvingtonian range in this 

section. 

Kurten and Anderson (1980) indicate that Tetrameryx is 

an Irvingtonian and Rancholabrean genus without a Blancan 

record. Tetrameryx has been considered characteristic of 

and possibly defining the Irvingtonian (Lunde1ius at a1., 

1987). However, Johnston and Savage (1955) report 

Tetcameryx from the Cita Canyon local fauna of Texas. The 

Cita Canyon local fauna is from sediments in the uppermost 

Gauss Chron, about 2.5 Ma, which is late Blancan (Lindsay et 

a1., 1976). The FCVC Tetramecyx sp. LSD is about 0.65my 

earlier than the Cita Canyon local fauna occurrence so that 

this is the earliest record of the genus and Tetrameryx 

cannot be considered necessarily indicative of the 

Irvingtonian. 
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TjtanotyZOQUS 

Opdyke et a1. (1977) reported that the HSD of this 

large, stilt-legged camel occurred at their cf. OdocoiZeus 

LSD (=2.1 Ma). New sDecimens from the former IVCM 

collection now permit the Titanoty7opus HSD to be located at 

CU 57.2 (=1.5 Ma) (Figure 17). 

Eucecsthecium 

The Eurasian immigrant Eucecathecium ;s considered to 

be a possible taxon to define the Irvingtonian (Opdyke et 

a1., 1977; Kurten and Anderson, 1980; Lunde1ius et a1., 

1987). In the FCVC section, ?Eucecathecium sp. is known 

from three localities in three collecting units, 55.7 

(partial right maxilla with P 2-4), 59.9 (phalanx 1), and 

60.3 (phalanx) (Plate 2). The ?Eucecathecium sp. LSD is at 

CU 55.7. This is in the middle of the 01duvai subchron and 

has an interpolated age of about 1.8 Ma (Figure 17). The 

?Eucecathecium sp. LSD is very slightly older than the 

Hammuthus sp. LSD in CU 56.0 (=1.77 Ma). Established usage 

and prior definition by Savage (1951) for the use of 

Hammuthus to define the Irvingtonian requires that 

Eucecathecium enter North America prior to the beginning of 

the Irvingtonian. 

DjoohjQQUS 

Three specimens have been identified in the FCVC 

section as cf. Dioohippus sp. by Downs and Miller (1994). 

These specimens consist of: LACM 4356, right M3 from LACM 
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locality 1656, collecting unit 4.0, interpolated age of 4.0 

Ma; IVCM 2257-1, right M3, IVCM 2257-2, right M2, IVCM-3, 

right M1, from IVCM locality 177, CU 7.0-8.0, interpolated 

age of 3.9 Ma; and IVCM 1837, partial left dentary with il, 

i2, p2-m3 and partial right dentary retaining il-3 and c, 

IVCM locality 537, collecting unit 43.0, interpolated age of 

2.96 Ma (late early Blancan). 

Lindsay et ale (1984) indicated that the Dinohippus HSD 

in North America occurs in the latest Hemphillian during the 

Gilbert Chron (early Sidufjal subchron, ~4.46 Ma). The FCVC 

record of cf. Dinohippus sp. in the late early Blancan is 

apparently the youngest occurrence of the genus. IVCM 1837 

from IVCM locality 537 constitutes the cf. Dinohippus sp. 

HSO in the FCVC section as well as the North American HSD 

for that genus (Figure 17). 

Eauus (Eauus) 

Equus (Equus) is the characteristic horse for the 

Irvingtonian and Rancholabrean (Kurt~n and Anderson, 1980; 

Lundelius et al., 1987). Equus (Equus) belongs to the 

informal caballoid group of horses (Forst~n, 1988). 

According to Forst~n (1988), caballoid horses are 

characterized by the presence of an U-shaped linguaflexid 

between the metaconid and metastylid. V-shaped 

linguaflexids are characteristic of the informal stenonid 

group of horses, consisting of Equus (Asinus), Equus 

(Do7ichohippus) , and Equus (Hemionus) in the FCVC section. 
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The two groups also differ in skull features, skeletal 

proportions, shape of articular surfaces, and development of 

muscle scars (Forsten, 1988). These differences apparently 

led to ecological separation of the stenonids and caballoids 

and were probably responsible for the diversity of the 

various eQuid species from the Biancan to the Recent. The 

ecological implications of these two groups will be 

discussed in the chapter on paleoecology. 

IVCM 2311, a dentary with m2-3 from IVCM locality 624 

in CU 50.6 (Plate 2), is the stratigraphically lowest 

specimen of Equus that can be assigned to Equus (Equus); it 

is the basis for the Equus (Equus) sp. LSD in the FCVC 

section (Figure 17). This specimen was recovered from 

sediments deposited during the early Matuyama Chron and has 

an interpolated age of about 1.97 Ma (latest Blancan). 

Equus (Equus) sp. has a local stratigraphic range in the 

"type section" from CU 50.6 to 62.7 (latest Blancan-early 

Irvingtonian) (Plate 2) as well as being found in the 

Hollywood and Vine section. 

Downs and Miller (1994) described three sets of partial 

crania and associated dentaries and postcranials from the 

Anza-Borrego Desert as Equus (Equus) sp. A, Equus (Equus) 

sp. B, and Equus cf. Equus (Equus) sp. Only Equus (Equus) 

sp. A (LACM 4335) was reported from the FCVC area (LACM 

locality 1558, fault block A). Other than the cf. 

Dinohippus sp. specimens mentioned above, specimens·of a new 
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species, Equus (Do7ichohippus) enormis, and a very limited 

sample of specimens identified as Equus (Dolichohippus) cf. 

E. (D.) simplicidens, Downs and Miller (1994) did not 

consider any of the other equid specimens from the FCVC area 

in their study. The comments above on Equus (Equus) sp. are 

based on specimens not included in their study. 

The Equus (Equus) sp. LSD may indicate the earliest 

record of Equus (Equus) in North America. Other specimens 

of Equus (Equus) from localities which can be dated by 

isotope geology or paleomagnetostratigraphy, such as Welsch 

Valley, Saskatchewan, or Irvington, California, are all 

younger than the FCVC specimen. 

Equus sp. 

Specimens identified simply as Equus sp. are the most 

common and abundant large mammal fossils in the FCVC 

section. Most of this material is not diagnostic for more 

specific taxonomic assignment. Equus ap. has a local 

biostratigraphic range in the "type section" from CU 38.2 to 

66.8 (Plate 2) as well as being common in the 

stratigraphically higher sediments in the Hollywood and Vine 

block. 

The Equus sp. LSD in the FCVC section occurs at CU 38.2 

(Figure 17). This datum plane is in reversely magnetized 

sediments of the lower Mammoth subchron of the Gauss Chron 

and has an interpolated age of 3.14 Ma. The Equus sp. LSD 

reported here is slightly below the cf. Equus sp. LSD of 
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Opdyke et a1. (1977) which they reported as being at about 

2.9 Ma. In their figure 10 this datum plane is located near 

the top of the Mammoth subchron. Recalculation of the 

absolute ages of the magnetic polarity zone boundaries now 

gives the Mammoth subchron an age range of 3.16 to 3.07 Ma 

(Mankinen and Dalrymple, 1979). 

Biostratjgraphic patterns io the Fjsh Creek-Va11ecjto Creek 

Section 

Several patterns emerge from the plot of local 

stratigraphic ranges in the FCVC section shown on Plate 2 

and the LSDs and HSDs shown on Figure 17. The first is the 

appearance of South American immigrants beginning at about 

2.5 Ma (Coendou, G7ossotherium, Nothrotheriops, 

Hydrochoerus). This is an significant immigration event 

that has been recognized in the North American fossil record 

(Opdyke et a1., 1977; Marshall et a1., 1979; Kurt~n and 

Anderson, 1980; Savage and Russell, 1983; Lunde1ius et a1., 

1987). 

The second is another immigration event comprised of 

Eurasian taxa near the Blancan-Irvingtonian boundary, 

approximately 1.77 Ma (e.g., Mammuthus, Euceratherium). 

Coincident with this immmigration event is the appearance of 

characteristic Irvingtonian genera (e.g., Smi1odon, Lepus) 

(Opdyke et al, 1977; Lunde1ius et al, 1987). 

The third pattern derived from Plate 2 and Figure 17 

supports the contention of Lundelius et a1. (1987) that the 
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change from the Blancan to the Irvingtonian was a gradual 

transition in taxonomic composition. This is seen in the 

Blancan appearances of some characteristic Irvingtonian 

genera (e.g., Tetrameryx, £quus (£quus), Tremarctos, 

Came7ops) and the survival of characteristic Blancan genera 

into the Irvingtonian (e.g., Stegomastodon, Calomys 

(Bensonomys). 

The fourth pattern is the persistence in the FCVC 

section of several genera (e.g., Sigmodon, Geomys, 

Hemiauchenia, Neotoma, Dipodomys, Perognathus, Peromyscus). 

These genera maintain their presence in the section despite 

the changes in taxonomic composition occurring at about 2.5 

and 1.77 Ma. 

The fifth pattern is the extinction of the 

archaeolagine lagomorphs at about 1.8 Ma (Pewe7agus 

dawsonae). 

The last pattern is that noted by White (1984), the 

replacement of Hypolagus by its ecomorph Sy7vi7agus. This 

occurred between 3.2 and 2.6 Ma. 

North Amerjcan Land Mammal Age Boundarjes jn the Fjsh Creek

Vallecjto Creek Sect jon 

Conceptua7 Djscussion 

Considerable mention has been made of the position of 

genera and speCies with respect to the Blancan-Irvingtonian 

boundary in the preceding discussion. The term Blancan was 

first proposed by Wood et a1. (1941) as a provincial land 
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mammal age on the basis of the mammalian local fauna from 

Mt. Blanco, Texas. Savage (1951) established the concept of 

the Irvingtonian as a provincial age to include the early 

part of the latest Cenozoic, which was not covered by the 

provincial ages of Wood et al. (1941). The Irvingtonian was 

based on the collection of mammalian fossils from gravel 

pits near Irvington, California. 

Although Wood et al. (1941) intended for their "North 

American Provincial Ages" to cover all of Tertiary time and 

not be limited to the strata from which the type local fauna 

was collected, in reality it turned out that most of their 

provincial ages were constrained by hiatus-bounded 

sedimentary sequences (Savage, 1962; Tedford, 1970). As 

such, they could not be considered as true 

chronostratigraphic stages or geochronologic ages, i.e., 

time units independent of the temporal duration of anyone 

body of rock. Savage (1962) proposed that the Wood et a1. 

(1941) term "North American Provincial Ages" be replaced by 

"North American Land-Mammal 'Ages'". This was done to 

emphasize their restriction to a single zoogeographic region 

and that they were not ages in a geochronologic sense. 

Savage's (1962) recommendation appears to have been accepted 

by the majority of North American paleontologists studying 

mammalian fossils, but usually shortened to Mammal Ages or 

abbreviated as NALMAs. 
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Lundelius et al. (1987) provided a list of several 

genera and species that characterize the Blancan, but they 

did not explicitly choose a defining taxon. They did 

mention a number of taxa that first appear at or near the 

Blancan-Hemphillian boundary: Equus (Do7ichohippus), 

Borophagus, Trigonictis, Sigmodon, Ursus, Ophiomys, 

Chasmoportetes, Geomys, Odocoileus, and P7iophenacomys. All 

of these, except for Chasmoporthetes, Ophiomys, and 

P7iophenacomys occur in the FCVC section. With the 

exception of Sigmodon, all of the genera that have been 

found in the FCVC section occur well above any possible 

placement for the Hemphillian-Blancan boundary (Plate 2, 

Figure 17). 

No characteristic Hemphillian mammalian taxa have been 

found in the FCVC section. The discovery of characteristic 

Hemphillian taxa is unlikely as sediments older than 4.0 Ma 

are primarily marine. Taxa that could define the boundary 

occur in that part of the section correlated, by the MPTS, 

with the Blancan. Therefore, the Hemphillian-Blancan 

boundary cannot, at present, be biostratigraphically placed 

in the FCVC section. 
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Savage (1951) defined the Irvingtonian by the presence 

of Mammuthus. The type section for the Irvingtonian does 

not span the entire NALMA and is not superposed with Blancan 

sediments. The Irvingtonian type section probably 

correlates with the upper Matuyama Chron (Lindsay et a1., 

1976). Because the type section for the Irvingtonian lacks 

limiting characteristics, the lower limit or boundary of the 

Irvingtonian must be characterized elsewhere. 

There are only two sections in North America where 

superposition of the Irvingtonian with the Blancan occurs -

San Pedro Valley, Arizona and FCVC. In the San Pedro Valley 

section Johnson et a1. (1975) demonstrated that these two 

NALMAs occur in superposition. Originally, they suggested 

that the Curtis Ranch fauna was Irvingtonian based on the 

presence of Lepus because Mammuthus is not known from this 

section. The Curtis Ranch fauna suggested that an 

Irvingtonian fauna was superposed with a Blancan fauna, 

e.g., Wolf Ranch, Post Ranch, Mendevil Ranch localities. 

Dr. J.A. White, in personal communication to Lindsay et a1. 

(1990), and in a later publication (White, 1991), indicated 

that the Lepus specimens from San Pedro Valley are 

Sylvilagus. On this basis, Lindsay et a1. (1990) reassigned 

the Curtis Ranch fauna to the latest Blancan. An 

Irvingtonian fauna still occurs in the San Pedro Valley in 
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sediments at and above the 01duvai subchron, but the 

Blancan-Irvingtonian boundary cannot be located, 

biostratigraphica11y, in the San Pedro Valley section. The 

Blancan-Irvingtonian boundary in the San Pedro Valley can be 

approximated by reference to the local paleomagnetic 

zonation of Johnson et a1. (1975). 

This leaves the FCVC section as the only place in North 

America where superposition of Irvingtonian and Blancan 

faunas can be used to unequivocally locate the Blancan

Irvingtonian boundary. Lunde1ius et al. (1987) recognized 

the boundary in the FCVC area at about 1.6 Ma on the basis 

of the Smi7odon LSD. As a result of this study, the 

boundary is now recognized by the lowest stratigraphic 

occurrence of Mammuthus in the FCVC section, in accordance 

with the definition of Savage (1951). This occurrence is at 

CU 56.0, is based on IVCM 1892-1/1892-2 from IVCM locality 

492, and is the Mammuthus LSD (Figure 17). The Mammuthus 

LSD is approximately at 3,150m above the Palm Spring

Imperial contact, coincides with the middle of the 01duvai 

subchron, and has an approximate date of 1.77 Ma. The 

Mammuthus LSD in the FCVC section shows close agreement with 

both the biologic and paleomagnetic definitions of this 

NALMA and its lower boundary (Johnson et a1., 1975; Lindsay 

et a1., 1976; and Opdyke et a1., 1977). It then follows 

that the Blancan NALMA lasted between 2.63 and 2.23my (~4.4 

or 4.0-1.77 Ma). The recognition of the B1ancan-
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Irvingtonian boundary at 1.77 Ma places this boundary 

earlier in time than the Plio-Pleistocene boundary, set by 

the 1984 International Geologic Congress in Moscow at 1.66 

Ma. 

Recognition of the Blancan-Irvingtonian boundary in the 

FCVC section and comparison of the LSDs of other genera to 

the boundary means that several genera, once considered as 

characteristic of the Irvingtonian or first appearing in the 

Irvingtonian, now have Blancan records, e.g. Euceratherium, 

Lepus, Tetrameryx. The Blancan appearances of the once

characteristic Irvingtonian genera suggest that the change 

from the Blancan to the Irvingtonian was transitional rather 

than an abrupt faunal turnover. 

The FCVC section consists of superposed Blancan and 

Irvingtonian faunas separated by a definitive Blancan

Irvingtonian boundary in essentially continuously deposited 

sediments correlated with the MPTS. For this reason, it is 

proposed that the FCVC section be recognized as the standard 

section in which to recognize the Blancan-Irvingtonian 

boundary. 



CHAPTER 6 

TAPHONOMY OF THE FISH CREEK-VALLECITO CREEK VERTEBRATE 

FOSSILS 

Introductjon 
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Taphonomy is a young scientific discipline, having been 

established by Efremov (1940). This field of science is 

concerned with the processes that act on organic remains 

from the time of death of the organism until the time the 

remains are either completely decayed or fossilized. It was 

not until the middle of the 1970's that taphonomic studies 

began to be widely undertaken and published, although there 

were a few pioneering efforts prior to this, notably 

Shotwell (1955, 1958), Toots (1965), Clark et a1. (1967), 

and Voorhies (1969). Vertebrate paleontologists became 

interested in the effects of taphonomic processes on fossil 

assemblages in their studies of the paleoecology of fossil 

animals. Dissatisfaction with the pioneering efforts of 

Shotwell (1955, 1958) to quantify paleoecologic 

relationships within fossil assemblages and local faunas 

provided the main impetus for an interest in taphonomy 

(Voorhies, 1969; Grayson, 1978). 

The major contribution of taphonomy to paleontology has 

been to provide a qualitative and quantitative means to 

recognize the different kinds of bias in the fossil record 

and the degree to which each type of bias has affected a 

particular fossil assemblage (Toots, 1965; Voorhies, 1969; 
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Behrensmeyer, 1975, 1978; Dodson and Wexlar, 1979; Korth, 

1979: Hanson, 1980; Badgley, 1986a; Kidwell and 

Behrensmeyer, 1988). Recognition of bias and accounting for 

bias in fossil assemblages is critical because bias provides 

constraints on what questions can be asked of and profitably 

answered from the fossil record (Behrensmeyer, 1982a). 

Accounting for bias in the fossil record also improves 

hypotheses derived from fossil taxa and assemblages, 

especially those concerned with paleoecology (Behrensmeyer, 

1978; B~land and Russell, 1978; Grayson, 1978; Behrensmeyer 

et a1., 1979; Dodson et al., 1980; Vrba, 1980; Badgley, 

1982a, 1986a; Andrews, 1990a). 

Methods 

Taphonomic study of the Palm Spring vertebrates relies 

strongly on the results of previous empirical and 

experimental research (e.g. Toots, 1965; Voorhies, 1969; 

Dodson, 1973; Behrensmeyer, 1975, 1978, 1987, 1988a; 

Badgley, 1986a; Koster, 1987). Specimens were studied with 

regard to these criteria: skeletal element identity; which 

part of an incomplete element was preserved; physical 

condition (weathering, abrasion, rounding, cracking, tooth 

marks, root marks); degree of articulation, association with 

other skeletal elements; size of elements; sedimentary 

environment; and hydraulic equivalence. 

Small vertebrates, those whose body weight is estimated 

to have been less than 5kg, were considered separately from 
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large vertebrates in the taphonomic study. Several studies 

have shown that small vertebrate remains, especially those 

of microvertebrates «lkg), are affected differently, 

qualitatively and quantitatively, from those of larger 

vertebrates (Dodson, 1973; Wolff, 1973; Behrensmeyer, 1978; 

Behrensmeyer et al., 1979, Dodson and Wexlar, 1979; Korth, 

1979). The skeletal elements of small vertebrates are more 

stongly affected by hydraulic sorting (Wolff, 1973; Korth, 

1979), weathering and trampling (Behrensmeyer et a1., 1979), 

and biological processes, especially predator effects 

(differences in prey preference, prey manipulation, 

digestive processes, eliminative behavior) (Dodson and 

Wexlar, 1979; Korth, 1979). 

Taphonomic investigation of the Palm Spring Formation 

vertebrates is the basis for the paleoecological study of 

these fossils. Consideration of the taphonomic biases 

allows more realistic estimation of time-averaging effects 

on assemblages (Behrensmeyer, 1982a,b; Badgley, 1982b). It 

also allows the determination of: possible allochthonous 

taxa in an assemblage (Voorhies, 1969; Behrensmeyer, 1975, 

1988a; Badgley 1982a, 1986a), relative abundances of taxa 

(Voorhies, 1969; Badgley and Behrensmeyer, ~980; Badgley, 

1982a; Fiorillo, 1988), the processes forming a bone 

assemblage (Behrensmeyer, 1975, 1978, 1988a; Dodson and 

Wexlar, 1979; Hill, 1979; Kidwell and Behrensmeyer, 1988), 

and methods for counting individuals in assemblages 
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(Badgley, 1986b). 

A taphonomic study of the vertebrate fossils from the 

Palm Spring Formation has two problems. The first is that 

the vast majority of specimens were collected and curated 

prior to the initiation of this study. This means that 

important data obtainable only from observations of the 

fossils in outcrop has potentially been lost. The most 

significant lost data are the orientation of the fossils in 

the sediment, association/non-association of elements, and 

whether or not a specimen was a surface find or collected in 

situ. Other taphonomic aspects of a specimen such as 

rounding, abrasion, and toothmarks, are preserved in curated 

specimens. The other problem is that lithologic and 

sedimentologic data were not recorded for all localities. 

The reduces the sample size for a taphonomic analysis 

because determination of depositional environment is 

required in order to infer the processes that formed a 

fossil assemblage and the degree to which that assemblage is 

biased relative to the original input of skeletal elements 

(Behrensmeyer, 1975; Badgley, 1986a). Only localities for 

which the depositional environment could be ascertained were 

considered for most aspects of the taphonomic analysis. 

Fortunately, some field data were recorded for each 

locality. Field notebooks at the LACH provide most of the 

missing taphonomic information available only from field 

observations. At the IVCH, some of the missing data, 
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especially regarding association/non-association of elements 

and surface finds vs. in situ finds, are kept on field data 

cards. Field notebooks at the IVCM are missing. 

It is possible to re-collect some of the field data for 

the specimens by revisiting the original localities. Both 

the LACM and IVCM used the same locality mapping system, 

described in the Chapter 5. This locality mapping 

procedure, together with information from field 

notebooks/field data cards, allowed the important collecting 

localities to be revisited. 

effects of Taphonomic processes on Fossil Assemblages 

Behrensmeyer (1978, 1982a,b) has shown that taphonomic 

processes tend to erase any short-term and small-scale 

aspects of a fossil assemblage, especially those affecting 

the individual or population, such as variations in 

population size, age distributions, and minor environmental 

fluctuations. What is most often preserved in the fossil 

record are the long-term and large-scale events and 

processes that occur on time-scales longer than the time 

required for the fossil assemblage to be formed. 

Geologic Processes 

Rema;ns of terrestrial vertebrates are most often found 

in fluvial deposits. Consequently, much effort has been 

made to understand fluvial processes and the effects of 

those processes on vertebrate remains (Voorhies, 1969; 

Wolff, 1973; Korth, 1979; Dodson et a1., 1980; Hanson, 1980; 
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Behrensmeyer, 1982a,b, 1987, 1988a; Badgley, 1986a; Koster, 

1987). Fluvial processes have several effects on vertebrate 

fossils. First, transport by water can disarticulate and 

scatter skeletal elements (Behrensmeyer, 1982a). Second, 

skeletal elements can be sorted by size, density, and 

surface area-to-volume ratios, i.e., hydraulic 

characteristics (Behrensmeyer, 1975, Badgley, 1986a). 

Significantly, taxonomic identity per se is not a factor in 

determining hydraulic characteristics of skeletal elements 

(Badgley, 1986a). Third, fluvial transport can break once

whole elements and abrade them. This can lead to 

overrepresentation of some elements and taxa, 

underrepresentation of others, and absence of taxa. Fourth, 

because rivers flow through a variety of habitats, they can 

cause a mixing of taxa in a fossil assemblage and, 

consequently, can complicate paleocommunity reconstruction. 

Fifth, because sedimentation is most often discontinuous and 

variable (Sadler, 1981), and because skeletal elements often 

require time to enter the fossil record (Behrensmeyer, 1978, 

1982a) most fossil assemblages represent time-averaged, 

attritional accumulations that do not preserve short-term, 

small-scale events and processes (Behrensmeyer, 1982a,b). 

Sixth, recycling of skeletal elements from older deposits is 

recognized as a potentially serious complication 

(Behrensmeyer, 1982a). 
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Noo-Geologjc Processes 

Other studies have focused on the specifics of decay, 

disarticulation, scattering, weathering, breakage, and 

concentration of skeletal elements on land surfaces prior to 

their introduction into fluvial systems (Behrensmeyer, 1978; 

Dodson and Wexlar, 1979; Hill, 1979, 1980; Korth, 1979; 

Behrensmeyer and Dechant Boaz, 1980). These studies have 

shown that skeletal elements can undergo significant 

modification due to physical, chemical, and biologic 

processes before the elements are ever entrained by flowing 

water. These processes can leave distinctive signatures on 

the elements which can be used to interpret the pre

fossilization history of the elements and so allow more 

realistic interpretation of time resolution and 

paleoecologic analysis. Among the signatures listed by the 

authors cited above are: acid erosion, patterns of bone 

breakage and abrasion, taxonomic composition of assemblages, 

weathering state of skeletal elements, degree of 

articulation of skeletal elements, size-biasing based on 

skeletal element size irrespective of taxonomic identity, 

tooth marks, patterns of skeletal element concentration, and 

presence/absence of skeletal elements. Behrensmeyer (1978) 

and Badgley (1986a) have shown that the pre-entrainment 

taphonomic processes creating the signatures can be at least 

as important as fluvial sorting in the production of a 

fossil assemblage. Most importantly, these processes 
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entrainment. 

paleoecologic Impljcatjons of Taphonomjc processes 
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Taphonomic processes can greatly alter the original 

taxonomic composition and relative abundances of taxa that 

once inhabited an area. This can occur prior to entrainment 

by fluvial systems as the studies on skeletal 

disarticulation, bone weathering, and predator manipulation 

of prey have shown (Behrensmeyer, 1978; Behrensmeyer et al., 

1979; Dodson and Wexlar, 1979; Hill, 1979, 1980; Korth, 

1979; Behrensmeyer and Dechant Boaz, 1980), or during 

transport by hydrodynamic sorting (Voorhies, 1969; Dodson, 

1973; Wolff, 1973; Behrensmeyer, 1975; Korth, 1979). 

It is clear that allochthonous or transported 

assemblages do not accurately reflect the once-living 

communities that contributed skeletal elements to the 

assemblage because the fluvial system can sample many 

different habitats and communities (Behrensmeyer, 1975, 

1988a). The allochthonous or autochthonous nature of a 

fossil assemblage constrains the paleoecologic questions 

which can be asked of and answered from the assemblage 

rather than precluding them altogether. 

Badgley's (1986a) taphonomic analysis of fossil 

assemblages of mammalian taxa from the Siwaliks of Pakistan. 

suggest that fluvially transported or allochthonous 

assemblages are better representatives of the 
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paleocommunity. Interestingly, the skeletal elements of 

very large mammals were less common in fluvially transported 

assemblages than in non-transported assemblages on 

floodplains, suggesting that the Siwalik streams did not 

have the competence to entrain large skeletal elements. 

Realizing this, however, will temper the paleoecologic 

analysis rather than preclude it. The remaining assemblage 

will still present a more homogeneous sample of the original 

community because of the large sampling area of the fluvial 

system and its taxonomic non-selectivity. The paleoecologic 

analysis will produce more generalized results and yield a 

broad-based view of the overall paleocommunity rather than 

habitat-specific results. 

Nonetheless, the effects of hydrodynamic sorting during 

transport must still be taken into account if the amount of 

bias in the assemblage is to be assessed and the 

paleoecologic analysis is to be meaningful. Hydrodynamic 

sorting can cause the underrepresentation of small-bodied 

taxa in coarse-grained fluvial sediments (Voorhies, 1969; 

Behrensmeyer, 1975; Badgley, 1986a), for example, or the 

overrepresentation of small-bodied taxa in fine-grained 

fluvial sediments. (Wolff, 1973: Korth, 1979). In each case 

a skewed picture of the once-living community is preserved. 

Transported and non-transported assemblages can also be 

recognized by the degree of abrasion, fragmentation, and 

association of skeletal elements (Voorhies, 1969: 
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Behrensmeyer, 1975, 1988a; Badgley, 1986a). The size of the 

grains enclosing the assemblage, sedimentary structures, and 

vertical and lateral relationships of the sediments are all 

important in determining the degree of transport of the 

assemblage (Voorhies, 1969; Behrensmeyer, 1975; Hanson, 

1980; Badgley, 1982a, 1986a; Koster, 1987). 

In fluvial assemblages with an admixture of skeletal 

elements of various sizes from taxa of a wide range of body 

sizes, hydrodynamic sorting has probably been minimal and 

the assemblage probably represents a reasonable sample of 

the once-living community. The sedimentary environment of 

the non-transported or minimally transported assemblage may 

be indicative of a very specific habitat so that the 

assemblage is representative only of that habitat and not 

the ecosystem of the drainage basin. The channel-fill 

taphonomic mode (Behrensmeyer, 1975, 1988a), and channel 

margin and floodplain depositional environments (Badgley, 

1986a) are examples. In these situations skeletal elements 

may show excellent preservation, but the assemblages are 

usually the product of biological agents or passive 

accumulation and so present only a small sample of the 

paleocommunity (Badgley, 1986a). These taphonomic modes are 

excellent settings to study habitat-specific taxa and 

ancient interorgsnismic interactions such as predator-prey 

relationships. 
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Lacustrine environments also have the potential to 

produce assemblages that are representative of the overall 

paleocommunity. Because streams can discharge into lakes 

and lakes are water sources for many animals, a lacustrine 

setting can receive the remains of many animals which do not 

continually inhabit the lake or lake-margin. The lake acts 

as a sink for skeletal elements and so samples a broad 

segment of the paleocommunity. The task is to separate taxa 

that inhabited the lake and its margins from those that were 

occasional visitors to the lake or whose remains were 

transported into the lake. This task can be accomplished by 

analysis of taphonomic signatures, discussed earlier in this 

chapter, coupled with functional morphological studies, and 

modern analogues. 

In addition to determining the probable members of 

paleocommunities, the contemporaneity of those members must 

also be assessed in paleoecological analysis (Badgley, 

1982b; Behrensmeyer, 1982a,b). The creation of a fossil 

assemblage reQuires some amount of time. The exception 

would be a catastrophic assemblage, but these are relatively 

rare in the fossil record. Time is necessary for a carcass 

to decompose and for the skeletal elements of the carcass to 

enter the stratigraphic record (Behrensmeyer, 1978, 

1982a,b). 

Behrensmeyer's studies (1978, 1982a) on decomposition, 

bone weathering, and accumulation of skeletal elements in 
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different types of sedimentary environments suggest that the 

amount of time represented by an assemblage of vertebrate 

fossils in fluvial depositional systems is variable. 

Depending on circumstances, the time represented by an 

assemblage can be as low as 102-104 years with 103 years the 

most realistic minimium under the most ideal conditions. 

Longer time intervals are also possible. The consequence of 

this is that most fossil assemblages are time-averaged, 

products of many short-term events and processes. Because 

most fossil assemblages are time-averaged not all of their 

constituent taxa can be considered contemporaneous in terms 

of the time-scales considered by ecologists: days, months, 

and years. The assemblage may have taken longer to 

accumulate than the duration of the original community of 

which it is a sample. 

The most important paleoecologic question that must be 

asked of a fossil assemblage is how representative of the 

original community it is. Representation is in the form of 

relative abundances of taxa, diversity of taxa, and habitats 

of the taxa. Taphonomic analysis and time resolution 

analysis of the assemblage provide the answers to this 

question. 

TAPHONOMIC DATA FROM THE FISH CREEK-VALLECITO CREEK SECTION 

Deposjtjonal Enyjronments 

Detailed descriptions of the depositional environments 

in the Palm Spring Formation were presented in Chapter 3. 
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TABLE 3. Summary of Depositional Environments in the Palm 
Spring Formation in the Fish Creek-Vallecito Creek Area. 

"Member" paleoenyjronment Deposjtjonal 
Enyjronment 

Diablo Delta Plain Channel-lag 
Channel-fill 
Crevass splay 
Levee 
Floodplain 
Swale/Pond 

Intertidal/ Tidal channels 
Estuary Marshes 

Tidal flats 

011a Delta Plain Same as Diablo "member" 
("C"-suite) 
Braidplain "Channel-lag" 
("L"-suite) "Channel-fill" 

Floodplain 

Tapiado Lacustrine Lake 
Shoreline 
Delta 

Braidplain "Channel-lag" 
"Channel-fill" 
Floodplain 

Huesos Braidplain "Channel-lag" 
"Channel-fill" 
Floodplain 
Swale/Pond 

Intertidal/ Tidal Channels 
Estuary Marshes 

Tidal flats 
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Table 3 summarizes those descriptions. The depositional 

environments correspond to those used by Behrensmeyer 

(1988a) and Behrensmeyer and Hook et a1. (1992) to infer 

taphonomic modes and to Badgley (1986a) to recognize facies 

associations and taphonomic assemblages. 

Several points can be made from this summary with 

regard to the presence or absence of taphonomic 

modes/taphonomic assemblages in the Palm Spring Formation. 

The Oiablo "member" and the "CD-suite part of the 011a 

"member" were most likely the result of deposition by a 

large, meandering river system. The full range of 

taphonomic assemblages/taphonomic modes is potentially 

possible in these "members" because the concepts of 

taphonomic modes were developed from studies of deposits by 

meandering river systems. 

The Huesos "member", "L"-suite part of the 011a 

"member", and fluvial part of the Tapiado "member" were 

deposited by braided stream systems. Fewer taphonomic 

assemblages (Badgley, 1986a) and taphonomic modes 

(Behrensmeyer, 1988a) are recognized because braided streams 

produce a different alluvial architecture and a different 

set of sedimentary structures, as well as differing in types 

and details of depositional environments compared to these 

features of meandering streams (Friend, 1983; Blakey and 

Gubitosa, 1984; Miall, 1985a,b) 
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The relevance of this for a taphonomic analysis, 

especially for the "L"-suite fluvial sediments of the Palm 

Spring Formation, is that several fluvial taphonomic modes 

or facies associations/taphonomic assemblages would not 

occur in these sediments or would occur in a modified form 

(Badgley, 1986a; Behrensmeyer, 1988a; Behrensmeyer and Hook 

et al., 1992). The channel-margin taphonomic mode 

(Behrensmeyer, 1988a) or Facies Association III-Taphonomic 

Assemblage III (Badgley, 1986a) would not be present, nor 

would flood deposits outside the channels be present (Facies 

Association II-Taphonomic Assemblage II of Badgley, 1986a). 

The distinctiveness of channel "fill" sediments from 

floodplain sediments is not always clear as can be seen in 

the transition from the upper part of an upward-fining 

sequence to floodplain sediments and the alternating 

sandstone/siltstone sequences. This blurs the distinction 

between the channel "fill" and floodplain and their 

associated taphonomic modes/taphonomic assemblages. 

Table 4 shows the distribution of genera and species 

for all vertebrate classes collected from the FCVC section 

according to their distribution by stratigraphic unit 

(formation or "member"). The distribution of tax~ ~y 

stratigraphic unit includes taxa found in the fault blocks 

and Hollywood and Vine block, even though these blocks 

cannot be correlated with the "type section". Taxa from 

fossil localities in the fault blocks and Hollywood and Vine 
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Table 4. Vertebrate Fauna of the Fish Creek-Vallecito Creek 
Area. Distribution according to Stratigraphic Unit 
(Formation or "Member") 
IF = Imperial Formation; OM = Diablo "member"; OM = 011a 
"member"; TM = Tapiado "member"; HM = Huesos "member"; UK = 
Stratigraphic unit unknown 

Taxa IE 
CLASS CHONDRICHTHYES 

Hemipristus serra 
Cetorhinus sp. 

CLASS AMPHIBIA 
SUTo sp. 

CALSS REPTILIA 
C7emmys marmorata 
C7emmys sp. 
Pseudemys scripta 
Pseudemys sp. 
Kinosternon sp. 
Geoche7one sp. 
Gopherus agassizi 
Gopherus sp. 
Gerrhonotus mu7ticaminatus 
Gerrhonotus sp. 
Crotaphytus Spa 
Dipsosaurus dorsalis 
Gambe 1 i a corona 
Phrynosoma anzaense 
Phrynosoma sp. 
Pumilia novaceki 
Sceloporus Spa 
Sceloporine Type A 
Sceloporine Type B 
Eumeces Spa 
Ameiva SPa or 
Cnemidophorus Spa 
Teiini gen. and SPa indet. 
Xantusia downsi 
Hypsiglena SPa 
Hasticophis Tlagellum 
Lampropeltis getulus 
Thamnophis SPa 
Crotalus SPa 

CLASS AVES 
Anas acuta? 
Anas c7ypeata 
Anser (Chen) Spa 
Srantadorna downsi 
Sucepha7a Tossilis 
He7anitta perspici77ata ? 
Oxyura bessomi 

PM OM TM HM UK 

+ 

+ 

+ 
+ 

+ + 
+ + + 

+ 
+ 
+ + 

+ 
+ + + 
+ 
+ + 

+ 
+ 
+ 
+ 
+ 

+ 
+ + 
+ + 
+ + + 

+ 
+ + 
+ + 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
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Table 4. Continued 

Taxa IE PM OM TM HM UK 
Charadrius vociferus + 
Phoenicopterus Sp. + 
Teratornis incredibilis + 
Teratornis sp. + 
Aquila chrysa~tos ? + 
Aqui la sp. + 
Neophrontops vallecitoensis + 
Gymnogyps sp. + 
Agriocharis anza + 
Lophortyx gambelli + 
Lophortyx sp. + + 
Heleagris sp. + 
Gavia sp. + 
Grus canadensis + 
Fulica americana? + + 
Fulica hesterna + 
Ra11us limicola ? + 
Ra 11us sp. + 
Pelecanus sp. + 
Aechmorphus occidenta7is + 
Podiceps caspicus + 
Podiceps sp. + 
Asio sp. + 
Genus and species indet. + 

CLASS MAMMALIA 
Notiosorex sp. + + 
Sorex sp. + 
Scapanus ma7atinus + + 
Scapanus sp. + 
Anzanycteris anzensis + 
Hegalonyx wheatleyi + 
Hega10nyx sp. + + 
Nothrotheriops sp. + + 
G7ossotherium sp. + + 
Hypo1agus edensis + 
Hypo7agus vetus + + 
Lepus ca110tis + 
Lepus sp. cf. L. ca710tis + 
Lepus sp. + 
Nekro7agus sp. + 
Pewelagus dawsor.~s + + 
Sylvi7agus hibbardi + + 
Sylvilagus sp. cf. 
S. floridanus + 
Sylvi7agus sp. + 
Castor sp. + 
Baiomys sp. + 
Calomys (Bensonomys) sp. + 
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Table 4. Continued 

1a~a IE OM OM 1M t.:fM I.!~ 
Lasiopodomys sp cf. 
L. deceitensis + 
Microtus californicus + 
"Microtine" indet. + + 
Mictomys anzaensis + 
Neotoma sp. + + + 
Onychomys sp. + 
Peromyscus sp. + + + 
Terricola meadensis + 
Reithrodontomys sp. + + 
8igmodon 1 indsayi + 
8igmodon minor + + + 
8igmodon sp. + + + 
Coendou bathygnathum + 
Coendou stirtoni + + 
Coendou sp. + 
Geomys anzensis + + + 
Geomys garbanii + + 
Geomys sp. + + 
Thomoys sp. + + 
Dipodomys compactus + + + 
Dipodomys hibbardi + + + 
Dipdomys sp. cf. D. minor + 
Dipodomys n. sp. A + + + 
Dipodomys n. sp. S + 
Dipodomys sp. + + + 
? Microdipodops sp. + + 
Perognathus sp. + + + + 
Hydrochoerus sp. + 
Eutamias sp. + 
8permophilus sp. + 
? Borophagus sp. + 
Canis 7atrans + + 
Canis prisco7atrans + 
Canis sp. cf. C. dirus + 
Canis sp. near c. lupus + 
Canis sp. + + + 
Urocyon sp. + + 
Vu7pes sp. + 
Felis conco7or + + 
Fe 7 is sp. cf. F. concolor + 
Felis rexroadensis + 
Fe 7 is sp. + + 
Lynx sp. + + + 
Lynx sp. cf. L. rufus + 
Panthera atrox + 
Panthera sp. cf. P. onca + 
8mi lodon graci 1 is + 
cf. Gu70 sp. + 
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Table 4. Continued 

1~2S~ IE OM QM 1M I::IM U~ 
Muste1a sp. cf. M. frenata + 
? P1 iotaxidea sp. + 
Spi70ga1e sp. + 
Taxidea sp. + 
Trigonictis sp. + + 
Bassariscus sp. + 
cf. Nasua sp. + 
Procyon sp. + 
Arctodus sp. + + 
Tremarctos sp. cf. 
T. f10ridanus + 
Tremarctos sp. + 
Ursus sp. + + 
Mammuthus sp. + 
? Cuvieronius sp. + 
Stegomastodon sp. + 
Mammut sp. + 
cf. Dinohippus sp. + + + 
Equus (Asinus) sp. + + 
Equus (Dolichohippus) 
simp7 icidens + 
Equus (D07ichohippus) sp. 
cf. E. (D. ) simp 7 icidens + 
Equus (Do 7 ichohippus) enormis + 
Equus (Do 7 ichohippus) sp. + + + 
Equus (Equus) sp. + 
Equus ( Hemionus) sp. + 
Equus 'francescana + + 
Equus sp. + + + + 
cf. Hippidion sp. + + 
Tapirus merriami + 
Tapirus sp. + 
? Anti70capra sp. + 
Capromeryx sp. + + 
Tetrameryx sp. + + 
Euceratherium sp. + 
Ovis sp. cf. O. canadensis + 
? Ovis sp. + 
Came lops sp. + + 
Hemiauchenia ?b7ancoensis + 
Hemiauchenia sp. cf. 
H. macrocephala + 
Hemiauchenia sp. + + + 
Titanoty70pus sp. + + + 
Cervus sp. + 
NSvahoceros n. sp. + 
Odocoi 1eus sp. + 
My70hyus sp. + 
P7atygonus sp. + + 
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block can be assigned to a stratigraphic unit by reference 

to aerial photographs, Woodard's (1963) geologic map of the 

FCVC area, and relocation of the sites. 

The significant point to be made with reference to 

Table 4 is that most of the fossils were collected from the 

Huesos "member". According to data in Johnson et al. 

(1983), sedimentation rates in the FCVC area were lowest 

during the deposition of the Huesos "member N
• This appears 

to be counter-intuitive; high sedimentation rates should 

promote fossil preservation, rather than low rates. Later 

sections of this chapter will show that most of the fossils 

were collected from floodplain sediments. These combined 

observations suggest that, at least in the Huesos "member", 

most fossil assemblages formed over long spans of time as 

lag accumulations on floodplains, thus increasing the fossil 

content of sediments deposited at low sedimentation rates. 

pistribution of Fossil Localities in the Fish Creek

vallecito Creek Section 

Fossil vertebrate localities in the FCVC section can be 

categorized by their distribution according to lithology and 

depositional environment, correspondence of locality with 

sediment provenance, and the number of localities per 

collecting unit, and formation or "member". 

According to the best available data from the LACM and 

IVCM, a total of 2,047 localities with identifiable 

specimens were found in the FCVC section. This number 
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excludes localities that yielded unidentifiable scrap. This 

number includes localities not placed within the collecting 

unit grid because of their position in the Hollywood and 

Vine section, the fault blocks, or not being plotted on 

aerial photographs. 

Locality data at the LACM and IVCM show that the 

majority of localities (Table 5) were found in fine-grained 

sediments, claystones, silty claystones, siltstones, sandy 

siltstones, and caliche (1,214; 60~ of total), rather than 

in coarse sandstones and conglomerates (112; 5~ of total). 

Caliche beds are included in the total for fine-grained 

sediments because these beds are claystones or siltstonRs 

with caliche nodules. Sandstone and silty sandstone account 

for 396 localities, 19~ of the total. Only 11 localities 

were obtained from limestone (0.5~ of total), a very 

uncommon lithology in the section. "Ash" (9 localities, 

0.4~ of total) is a field term used by both museums for 

sediments that resemble tuffs. There are 305 localities for 

which lithologic data are missing. These constitute 15~ of 

the total. It should be noted that 65 localities produced 

specimens from more than one lithology. If the localities 

for which the lithologies are unknown are subtracted from 

the total, the sedimentary context is known for 1,742 sites. 

The vast majority of fossil vertebrate sites for which 

the sedimentary context is known (1,742 sites) contain less 

than ten identifiable specimens each. Only 103 sites (6~) 
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produced more than ten identifiable specimens. Several 

productive sites were not included in this study because 

several lithologies at those sites yielded fossils, but the 

exact provenance of the fossils was not recorded. These 103 

sites were field checked and so form the basis for this part 

of the taphonomic analysis. Table 6 shows the distribution 

of these 103 sites by lithology, sediment provenance, and 

sedimentary environment. Ten percent of the 103 sites were 

collected from "channel-lag" deposits (10 sites), "channel

fill" deposits constitute 36~ (37 sites) of the sites, and 

floodplain deposits constitute 47~ (49 sites) of the sites. 

Lacustrine sediments are represented by only a small 

fraction (e~) of this subset of localities (6 sites). The 

tidal flat depositional environment is represented by only 

one productive site (1~). Five of these productive sites 

are from non-clastic lithologies and cannot be placed within 

the "L" or "C" suites of Winker (1987). Two are from "C"

suite sediments. All the remaining sites (96) yielded 

fossils from "L"-suite sediments. The fossils from 20 

localities are in apparent hydraulic eQuivalence 

(Behrensmeyer, 1978; Badgley, 1986a) with their entombing 

sediments (see dicussions below on small and large mammal 

taphonomy). At two sites, the fossils of the 

microvertebrate component of the assemblage are in probable 

hydraulic eQuivalence, while the fossil remains of the 

larger animals are not. At all the other sites the fossils 



are not in hydraulic equivalence with the sediments 

surrounding the remains. 
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Lithology, sedimentary structures, and vertical and 

lateral relationships of the sediments that produced the 

fossils were considered in inferring depositional 

environments for each site that was field checked. Layers 

of massive or finely laminated claystone and siltstone, 

caliche layers and "ash" layers were inferred to be 

floodplain environments. These layers are laterally 

extensive, variable in thickness, have erosional upper 

contacts, and have lower contacts that are either 

gradational or disconformable. Laterally, these layers may 

grade into sandstone or be channeled into by sandstones. 

The "channel-lag" environment is inferred from the very 

coarse- to medium-grained sandstones described in Chapter 3. 

The very coarse-grained sandstones are the layers forming 

the bases of the upward-fining seQuences. The very coarse

grained sandstone layers are "channels" only in a very 

general sense. They have erosional bases and in a few 

places can be seen to cut into underlying sediments forming 

a channel edge. The very coarse, angular, "torrentially" 

bedded grains with conglomerate lenses and stringers suggest 

deposition under high energy conditions, more typical of a 

channel than a floodplain. The general lack of a well

defined channel perimeter, lack of basal lag conglomerates, 

and vertical and lateral accretion structures suggest that 
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the very-coarse grained sandstones are not typical channels. 

For these reasons, and lack of an adequate term to describe 

them, the very coarse-grained sandstones have Quotation 

marks around their inferred depositional environment. 

The coarse- to medium-grained sandstones inferred as a 

"channel-lag" environment are those found in the alternating 

sandstone/siltstone sequences described in Chapter 3. These 

sandstones are inferred as channel deposits based on 

sedimentary structures (trough and planar cross-bedding), 

presence of conglomerate or very coarse-grained sandstone 

lenses and stringers, erosional bases, gradational upper 

contacts, and, in some places, well-defined channel 

perimeters. These sandstones form part of broad, shallow 

channels filled with sandy bedforms typical of braided 

stream systems. Therefore, they also have quotation marks 

around their inferred depositional environment. 

The "channel-fill" environment is inferred from the 

fine-grained sandstones and siltstones forming the upper 

part of an upward-fining sequence, as described in Chapter 

3. These sediments are interpreted as having formed during 

the waning flow stage of the flood event that deposited an 

upward-fining sequence. These sediments are "channel-fill" 

only in the most general sense, being part of a depositional 

sequence that formed as a very broad ,and shallow channel. 

For this reason, quotation marks are used around the term 

"channel-fill". 
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The lacustrine sites were inferred by lithology 

(limestone, claystone, siltstone), sedimentary structures 

(massive to finely laminated), lenticular shape to the 

deposit (large or small scale), and presence of fresh-water 

gastropods and ostracods. 

The tidal flat site was inferred L~ its location 

uppermost Imperial Formation, which is that part of the 

formation interpreted, on the basis of its invertebrate 

fossils, by Woodard (1963), Quinn and Cronin (1984), and 

Winker (1987) as a tidal flat. 

All the "Cn-suite localities are from the Imperial 

Formation or the Diablo "member". "L"-suite localities are 

from the Huesos, Tapiado, and Olla "members". No localities 

can positively be sourced to "C"-suite sediments in the Olla 

"member". Nearly all the Olla localities are frcm sediments 

referred to in the LACM and IVCM records as "banded silts". 

These are grayish and tan, micaceous siltstones with thin 

interbeds of fine-grained, micaceous sandstone. 

The great disparity between the number of localities in 

"L"-suite sediments compared to the "CD-suite sediments may 

be a function of either or both the following reasons. 

First, the paleoenvironments represented by the "COO-suite 

sediments during the Blancan (delta plain, tidal flats, 

marshes, estuary) may not have been preferred habitats for 

most of the vertebrate taxa in the area. This is probably 

most plausible for the Imperial Formation (tidal flats, 



TABLE 5. Distribution of Fossil Localities in the Fish 
Creek-Vallecito Creek Area by Lithology. 

Lithology Number of Localities 

Claystone 271 
Silty claystone 13 
Siltstone 684 
Sandy siltstone 218 
Silty sandstone 60 
Sandstone 336 
Very coarse 
sandstone 74 
Conglomerate 38 
Caliche 28 
Limestone 11 
"Ash" 9 
Unkown 305 

Total 2047 
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TABLE 6. Distribution of Productive Vertebrate Fossil 
Localities in the Fish Creek-Vallecito Creek Area by 
Lithology and Depositional Environment. Productive Locality 
contains ten or more Identifiable Specimens. I = Imperial 
Formation. D = Diablo "member", 0 = Olla "member", T = 
Tapiado "member", H = Huesos "member". C = NCB-suite 
sediments, L = "L"-suite sediments. * = Small mammals only. 

Locality 
Number 

IVCM 15 H,L 
IVCM 22 H,L 
IVCM 27 H,L 
IVCM 33 T,L 
IVCM 38 H,L 
IVCM 39 H,L 
IVCM 62 H,L 

IVCM 124 H,L 
IVCM 128 H,L 
IVCM 129 H,L 
IVCM 161 H,L 
IVCM 169 H,L 
IVCM 172 H,L 
IVCM 176 H,L 
IVCM 292 H,L 
IVCM 297 H,L 
IVCM 316 H,L 
IVCM 317 H,L 
IVCM 318 H,L 
IVCM 333 H,L 
IVCM 334 H,L 
IVCM 417 T,L 
IVCM 498 H,L 
IVCM 520 H,L 
IVCM 521 H,L 
IVCM 60a H,L 
!VCM 620 H,L 
IVCM 629 T,L 
IVCM 761 H,L 
IVCM 777 H,L 

IVCM 793 T,L 
IVCM a84 H,L 
IVCM 1105 H,L 
LACM 1111 H,L 

LACM 1113 H,L 
LACM 1114 H,L 

Ljthology 

Claystone 
Siltstone 
Siltstone 
Caliche 
Siltstone 
Siltstone 
Siltstone 
Sandstone 
Claystone 
Siltstone 
Siltstone 
Siltstone 
Siltstone 
Claystone 
Caliche 
Siltstone 
Claystone 
Claystone 
Claystone 
Claystone 
Siltstone 
Claystone 
Sandstone 
Sandstone 
Siltstone 
Sandstone 
Sandstone 
Claystone 
Sandstone 
Siltstone 
Siltstone 
Caliche 
Claystone 
Siltstone 
Sandstone 
Very coarse 
sandstone 
Siltstone 
Siltstone 

Deposjtional 
Enyjronment 

Floodplain 
"Channel-fill" 
"Channel-fill" 
Floodplain 
Floodplain 
Floodplain 
"Channel-fil'" 

Floodplain 
Floodplain 
Floodplain 
Floodplain 
"Channel-fill" 
Floodplain 
Floodplain 
"Channel-fill" 
Floodplain 
Floodplain 
Floodplain 
Floodplain 
"Channel-fill" 
Floodplain 
"Channel-fill" 
"Channel-lag" 
"Channel-fill" 
"Channel-lag" 
"Channel-fill" 
Floodplain 
"Channel-lag" 
"Channel-fill" 
Floodplain 

Floodplain 
"Channel-fill" 
"Channel-fill" 
"Channel-lag" 

"Channel-fill" 
Floodplain 

Hydraulic 
eguiyalence 

No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 

Yes/No 
No 
No 
Yes 

No 
Yes/No 
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TABLE 6. Continued. 

LQ~~]it)!: LitbQ]Q9)!: Q~H2Q§jtiQD~] l::i)!:ch::aI.!Uc 
Number Enyjronment Equiyalence 

LACM 1125 T "Ash" Floodplain No 
LACM 1191 H,L Sandstone "Channel-fill" Yes 
LACM 1192 H,L Sandstone "Channel-fill" No 

Siltstone 
LACM 1193 H,L Sandstone "Channel-fill" No 
LACM 1196 T,L Siltstone Floodplain No 
LACM 1245 H,L Sandstone "Channel-fil'" No 
LACM 1246 H,L Claystone Floodplain No 

Siltstone 
LACM 1249 H,L Very coarse "Channel-lag" Yes 

sandstone 
LACM 1250 H,L Sandstone "Channel-fill" No 
LACM 1296 H,L Very coarse "Channel-lag" No 

sandstone 
LACM 1304 H,L Very coarse "Channel-lag" No 

sandstone 
LACM 1316 H,L Sandstone "Channel-fill" Yes 
LACM 1317 H,L Sandstone "Channel-fill" Yes 
LACM 1318 H,L Sandstone "Channel-fill" No 
LACM 1322 H,L Sandstone "Channel-fill" No 
LACM 1323 H,L Sandstone "Channel-fill" No 
LACM 1351 H,L Very coarse "Channel-lag" No 

sandstone 
LACM 1356 H,L Very coarse "Channel-lag" No 

sandstone 
LACM 1357 H,L Sandstone "Channel-fill" Yes 
LACM 1358 H,L Siltstone "Channel-fill" No 
LACM 1360 H,L Claystone Floodplain No 
LACM 1377 H,L Claystone Floodplain No 
LACM 1382 H,L Sandstone "Channel-fill" No 
LACM 1428 T,L Siltstone Floodplain No 
LACM 1429 T Limestone Lacustrine No 
LACM 1430 T,L Siltstone Lacustrine No 
LACM 1432 T Limestone Lacustrine No 
LACM 1433 T Limestone Lacustrine No 
LACM 1437 T,L Siltstone Floodplain No 
LACM 1448 T,L Claystone Floodplain No 
LACM 1450 H,L Claystone Floodplain No 
LACM 1451 H,L Claystone Floodplain No 
LACM 1454 H,L Sandstone "Channel-fill" No 
LACM 1461 H.L Siltstone Floodplain Yes 
LACM 1462 H,L Sandstone "Channel-fill" No 
LACM 1476 T Limestone Lacustrine No 
LACM 1494 H,L Sandstone "Channel-fill" No 
LACM 1497 H,L Siltstone "Channel-fill" No 
LACM 1528 H,L Claystone Lacustrine No 
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TABLE 6. Continued. 

Ls::u:.a] it~ LitbQ]gg~ Ceggaitigca] I:b:dr:alol] is;< 
Number EcyjrQcmect Egloliya]ecs;<e 

LACM 1563 H,L Sandstone "Channel-fill" No 
LACM 1588 H,L Siltstone "Channel-fill" Yes 
LACM 1606 H,L Siltstone Floodplain No 
LACM 1615 H,L Siltstone Floodplain No 
LACM 1638 H,L Siltstone Floodplain No 
LACM 1640 H,L Sandstone "Channel-fill" No 
LACM 1765 H,L Sandstone "Channel-fill" No 
LACM 1855 H,L Siltstone "Channel-fill" No 
LACM 1920 O,L "Banded Silt" Floodplain Yes 
LACM 4267 O,L* "Banded Silt" Floodplain Yes 
LACM 6527 O,L* "Banded Silt" Floodplain Yes 
LACM 6540 O,L* "Banded Silt" Floodplain No 
LACM 6552 O,L* "Banded Silt" Floodplain Yes 
LACM 6557 O,L "Banded Silt" Floodplain No 
LACM 6583 O,L* "Banded Silt" Floodplain Yes 
LACM 65183 H,L* Siltstone "Channel-fill" Yes 
LACM 6604 O,L* "Banded Silt" Floodplain Yes 
LACM 6605 O,L* "Banded Silt" Floodplain Yes 
LACM 6633 H,L very coarse "Channel-lag" No 

sandstone 
LACM 6642 H,L Claystone Floodplain No 
LACM 6650 H,L Siltstone "Channel-fill" No 
LACM 6655 D,C Siltstone Floodplain No 
LACM 6683 H,L Claystone Floodplain No 

Siltstone 
LACM 6707 H,L Siltstone Floodplain Yes 
LACM 6712 H,L Siltstone Floodplain No 
LACM 6715 O,L "Banded Silt" Floodplain No 
LACM 6722 O,L Siltstone Floodplain No 
LACM 6851 I,C Claystone Tidal flat No 
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marshes, estuary). Second, the "C"-suite paleoenvironments 

may have been favorable for terrestrial animals, but the 

conditions of sediment transport and deposition may not have 

been favorable for fossil preservation. This may be the 

case for the Diablo "member" and the "C"-suite part of the 

011a "member", which preserve the deposits of the Colorado 

River. Field evidence indicates that the Colorado 

extensively reworked its deposits (cross-cutting beds, bone 

pebbles in channel lags) and had a relatively strong flow 

(Woodard, 1963; Winker, 1987) so that vertebrate remains 

were destroyed or transported out of the area. 

Another way to consider possible bias in the vertebrate 

fossil record of the FCVC section is to consider the 

distribution of collecting sites by collecting level (Figure 

18) and formation and "member" (Table 7). This can reflect 

collector bias in that a collector will prospect those 

collecting levels and lithofacies that in the past have been 

productive or contain sediments and sedimentary environments 

most likely to produce fossils. 

Figure 18 shows the distribution by collecting level 

and Table 7 by formation and "member" for those localities 

which have been placed within the collecting unit grid. 

Figure 18 is for localities in the "type section" only, 

while Table 7 includes all sites that can be referred to 

formation or "member". 
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Figure 18. Histogram showing the distribution of fossil localities by 
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Figure 18 shows that there are relatively few sites 

below CU 43 and that most sites are clustered on either side 

of CU 56. The relative scarcity of sites below CU 43 

apparently reflects the fact that most of the sediments in 

that part of the section correspond to "C"-suite sediments, 

that are less fossiliferous, while those above CU 43 are all 

"L"-suite sediments. The cluster of localities around CU 56 

reflects the real abundance of fossils in that part of the 

section as well as the collector bias of the attempt to 

locate the biostratigraphic Blancan-Irvingtonian boundary in 

that part of the section. 

Table 7 clearly shows that the majority of localities 

were found in the Tapiado and Huesos "members" (above CU 

42.4) rather than in the Diablo and 011a "members" and the 

Imperial Formation. At first this would seem to indicate 

that there is a collector's bias in favor of the first two 

"members" and against the last three. Drs. T. Downs and J. 

White and Mr. H. Garbani (oral co~~.) have stated that this 

is not the case. As much or more effort was put into 

prospecting the 011a and Diablo "members" and the Imperial 

Formation in an attempt to produce a more complete fossil 

record from the lower part of the FCVC section. The 

difference in Quantity of fossil localities and specimens 

between the Diablo and 011a "members" and the Imperial 

Formation, and the Tapiado and Huesos "members" seems to 

reflect a real difference in the original environments 
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represented by these units with respect to the environmental 

preferences and tolerances of the original vertebrate 

communities as well as the preservation potential of each 

lithofacies. 

Conversations with Dr. T. Downs of the LACH, Dr. J. 

White of the University of Arizona, and Hr. H. Garbani, a 

retired fossil collector for the LACH, indicated that many 

of the localities found during the early phase of collecting 

in the FCVC section were surface finds. These were almost 

invariably found on the dip-slopes of the many hogbacks in 

the area so there was little doubt as to the source layer. 

They also made it clear that as collecting progressed over 

the years the quantity and quality specimens from each new 

locality decreased. Table 6 shows that most of the very 

productive localities were found by the LACH (70) while the 

IVCH, which took over collecting from the LACH in the mid-

1970's, found proportionally fewer such localities (33). 

Records at both museums show that the in the later phases of 

collecting many localities produced only single specimens, 

despite intensive searching by large collecting parties, 

especially from the IVCH. 

One final point on the distribution of localities and 

specimens in the FCVC section needs to be made. As stated 

above nearly all the localities contain less than ten 

identifiable specimens and many of these are s;ng1e specimen 

sites. As suggested by Dr. E. Lindsay of the University of 
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Arizona (oral comm.), this indicates that the FCVC section 

is not very fossiliferous, but that the excellent and 

widespread exposure of sediments is in large part 

responsible for the success of fossil collectors in the 

section. This situation suggests that the conditions for 

fossil preservation were not very good in the section and 

that the quantity and quality of outcrop exerts a strong 

control on specimen availability. 

Small Anjmal Taphonomy 

In the Palm Spring Formation, skeletal elements of 

small animals, microvertebrates in particular, accumulated 

by transport in flowing water, in situ burial, and by 

predators. Mammals comprise the great majority of the small 

animal taxa. but reptiles and birds are also present 

(Chapter 4, Table 1). 

TransQocted Assemblages of Small Animals 

As documented by Dodson (1973), Wolff (1973), and Korth 

(1979), the skeletal elements of small animals are highly 

susceptible to transport by flowing water of low velocity 

because of their small size, light weight, relatively low 

density, and relatively high surface area-to-volume ratios. 

Their results suggest that nearly all small-animal fossil 

assemblages were transported to some extent by flowing water 

and that these assemblages should show some degree of 

hydraulic sorting. Korth (1979) has shown that currents of 

surface runoff are sufficiently strong to transport"most 



TABLE 7. Distribution of Fossil Localities in the Fish 
Creek-Vallecito Creek Area by Formation and "Member". 

Lithofacies Number of Localjtjes 

palm Spring Format jon 

Huesos "Member" 993 

Tapiado "Member" 113 

-------------------------- CL 42.4 --------------------Olla "Member" 100 

Diablo "Member" 7 
---------------------- CL 7.0 -----------
Imperial Format jon 4 

199 
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skeletal elements of small animals and accumulate them in 

fine-grained sediments that are not necessarily associated 

with channelized stream flow. This implies that alluvial 

(floodplain-building) processes are as important, if not 

more so, than fluvial processes (channel cutting and 

filling) in the concentration of small-animal skeletal 

elements. It also indicates that assemblages of sma11-

animal fossils should be concentrated in fine-grained 

sediments because the flow velocities that deposited 

coarser-grained sediments would have completely removed or 

destroyed the skeletal elements of any small animals. 

Results from Dodson (1973), Wolff (1973), and Korth (1979) 

indicate dispersal susceptibility of small-animal sKeletal 

elements is an extremely complex process with the size and 

shape of the elements being critical factors in the process. 

An additional factor affecting the preservation 

potential of small animals is their body size. Behrensmeyer 

et a1. (1979) and Badgley (1986a) have shown that the 

skeletal elements of small animals, because they are small, 

are more susceptible to physical, chemical, and biological 

destruction prior to burial or transport. This will reduce 

the potential number of small-animal skeletal elements 

available for fossilization, reduce their numbers in the 

fossil record, increase the chance that rare species in a 

paleocommunity will not be preserved, and underestimate 

relative taxonomic abundances of small animals in a 
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paleocommunity. 

Fossils of small animals are found throughout the Palm 

Spring Formation in the FCVC area. Most of the small-animal 

localities produced isolated skeletal elements or 

assemblages of low abundance, most often dentaries, 

maxillae, and teeth of a variety of taxa, as well as the 

calcanea and astragali of leporids. In many cases these 

were the only small-animal fossils found at the particular 

locality. Fossils at these localities were obtained from 

the surface or excavation. These localities are much more 

common in the Palm Spring Formation than productive 

assemblages obtained from screen-washing. 

Thirty-eight sites screen-washed by the LACM and IVCM 

constitute the basis for the productive assemblages (e.g. t 

more than 10 specimens) of small animals in the Palm Spring 

Formation (Table 8). A number of other sites were also 

productive, but were not able to be relocated (e.g., LACM 

localities 1126, 1437, 6583) and so omitted from this part 

of the taphonomic analysis. These 38 sites are a subset of 

those listed in Table 6. It can be seen from Table 8 that 

all the assemblages, except for four, were recovered from 

siltstones and claystones. Thirty-four of the productive 

small-animal assemblages accumulated in floodplain or 

"channel-fill" deposits, one in a "channel" deposit (LACM 

1249), one in a lacustrine deposit (LACM 1430), and one in a 

tidal flat deposit (LACM 6851). Determination of 
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Table 8. Productive (>10 specimens) Small Mammal Localities 
in the Palm Spring and Imperial Formations. CU = Collecting 
Unit. * = Coprolite Locality. FB = Fault Block. 

Locality 

IVCM 15 
IVCM 22 
IVCM 27* 
IVCM 124* 
IVCM 292* 
IVCM 297* 
IVCM 316 
IVCM 334 
IVCM 333* 
IVCM 608 
IVCM 620 
IVCM 793 
LACM 1113 
LACM 1114 
LACM 1191 
LACM 1192 

LACM 1196 
LACM 1249 

LACM 1317 
LACM 1323 
LACM 1357 
LACM 1358 
LACM 1430 
LACM 1454 
LACM 1494 
LACM 1497 
LACM 1588 
LACM 1606 
LACM 1615 
LACM 4267 
LACM 6552 
LACM 6583 
LACM 65183 
LACM 6683 

LACM 6707 
LACM 6712 
LACM 6722 
LACM 6851 

CU 

53.6 
55.5 
55.5 
57.6 
54.4 
59.3 
54.9 
54.6 
56.2 
57.4 
49.7 
52.5 
56.4 
57.6 
59.2 
56.0 

52.5 
55.7 

53.2 
62.5 
FB B 
FB B 
51.5 
44.7 
54.2 
59.5 
47.6 
52.1 
55.4 

? 
38.4 
39.8 
38.1 
57.8 

62.1 
55.1 
25.6 
6.2 

Lithology Dep. EnYiron. 

Tan claystone 
Tan siltstone 
Tan siltstone 
Gray c 1 aystcme 
Tan siltstone 
Gray claystone 
Tan claystone 
Gray Claystone 
Tan siltstone 
Tan siltstone 
Gray claystone 
Gray claystone 
Tan siltstone 
Gray siltstone 
Brown sandstone 
Buff sandstone 
Buff siltstone 
Gray siltstone 
Coarse sandstone 

(Specimens in clayballs) 
Sandstone 
Buff sandstone 
Sandstone 
siltstone 
Green siltstone 
Sandstone 
Sandstone 
Siltstone 
Siltstone 
Green siltstone 
Gray siltstone 
Banded Silt 
Banded Silt 
Banded Silt 
Siltstone 
Siltstone 
Claystone 
Siltstone 
Siltstone 
Siltstone 
Claystone 

Floodplain 
"Fi 11" 
"Fill" 
Floodplain 
"Fi 11" 
Floodplain 
Floodplain 
Floodplain 
"Fi 11" 
"Fi 11" 
Floodplain 
Floodplain 
"Fi 11" 
Floodplain 
"Fi 11" 
"Fi " " 

Floodplain 
"Channel" 

"Fi 11" 
"Fill" 
"Fi 11" 
"Fi " " 
Lacustrine 
"Fi " " 
"Fi 11" 
"Fi " " 
"Fi " " 
Floodplain 
Floodplain 
Floodplain 
Floodplain 
Floodplain 
"Fill" 
Floodplain 

Floodplain 
Floodplain 
Floodplain 
Tidal Flat 
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Table 9. Number of Small-Mammal Skeletal Elements that can 
be Identified to Genus or Species from the Fish Creek
Vallecito Creek Section. 

Skeletal Element 

Maxillae/ 
Premaxillae 

Dentaries 

Isolated Cheek 
Teeth 

Isolated Incisors 

Complete/Partial 
Skulls 

Complete/Partial 
Skeletons 

All Localitjes 

222 

594 

1,698 

134 

154 

28 

productjye Localjtjes 

148 

350 

947 

67 

43 

11 

Note: Post-cranial skeletal elements not counted as they 
are unidentifiable to genus/species. Total numbers exceed 
several thousand. 
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depositional environment for the localities in Table 8 was 

discussed in Chapter 3 and in the previous section of this 

chapter in relation to Table 6. 

Nearly all the possible postcrania1 elements available 

from a small animal occur at each productive locality. The 

productive localities account for 28% to 67% of all skeletal 

elements that can be identified to genus or species (Table 

9). 

Comparison with experimental data in Dodson (1973) and 

Korth (1979) on dispersal susceptibilities of small-animal 

skeletal elements indicates that these productive 

assemblages experienced minimal transport and winnowing. 

Within these productive assemblages from the FCVC section, 

the most easily transported elements, ribs, are absent or 

present in very small numbers compared to other skeletal 

elements. Skeletal elements with slightly less 

susceptibility to transport, pelves and, especially, 

vertebrae, are relatively abundant. Elements with 

intermediate and least transport susceptibility - femora, 

maxillae, humeri, calcanea, astragali, scapulae, dentaries, 

teeth, and tibiae - are very abundant. Metapodials, 

phalanges, and podials are also very abundant, but these 

elem~nts were not tested for their dispersal susceptibility 

by Dodson (1973) and Korth (1979). Sternal manubra, 

patellae, bacula, and sesemoids are also present. These 

postcranial elements are very abundant in the productive, 
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screen-washed assemblages, and are bulk catalogued in the 

collections. The postcranial elements are not identifiable 

to genus or species. Numbers of skeletal elements that can 

be identified to genus or species are given in Table 9. 

The large diversity of skeletal elements in the 

assemblages suggests that the assemblages underwent very 

little transport and sorting. This is also supported by the 

presence of skeletal elements with high to moderate 

dispersal susceptibilities (small, long, slender, high 

surface area-to-volume ratios). The occurrence of thin, 

fragile avian skeletal elements in some of the assemblages 

also suggests that transport was minimal. 

I observed that nearly all the skeletal elements, 

except for podials, metapodials, phalanges, and patellae, 

show some evidence of abrasion during transport. Bone scrap 

is very abundant and is most likely from damaged crania, 

pelves, and scapulae, elements with large areas of thin, 

sheet-like bone. Breaks tend to be sharp. This may also 

indicate that the elements underwent minimal transport 

(Behrensmeyer, 1975; Badgley, 1986a; Koster, 1987) or that 

the screen-washing technique used to concentrate the fossils 

was responsible for the breakage. Data from Korth (1979) 

indicate that screen-washing has little effect on the 

abundance of skeletal elements of taxa in the assemblage. 

The occurrence of the majority of the assemblages in 

siltstones and claystones suggests that the skeletal 
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elements in the assemblages are not in hydraulic equilibrium 

with the sediments. The size of the skeletal elements, 

1.0mm and greater, is hydraulically equivalent to fine sand 

(Korth, 1979). This suggests that the skeletal elements 

experienced minimal transport and may represent a "bone lag" 

that accumulated on the floodplain or braidbars. Specimens 

from LACM locality 1249 were recovered from clayballs in a 

very coarse-grained sandstone so that their hydraulic 

equivalence cannot be determined. At LACM locality 1357 the 

sediment is predominantly fine-grained sandstone and the 

skeletal elements of the small animals are in approximate 

hydraulic equivalence with the sediments. 

In Sjtu Specjmens 

In situ specimens are specimens of small animals that 

consist of partial or complete skeletons with the skeletal 

elements either in articulation or associated in a cluster 

or dense pile (Tables 9, 10). These are the least common 

occurrences of small animals in the Palm Spring Formation, 

but preserve some of the best and most informative 

specimens. In situ specimens are typically found in 

siltstones and fine-grained sandstones. 

The fine-grained sandstones and silty sandstones of the 

upper part of an upward-fining sequence occasionally contain 

elongate concretions that can be seen to weather out of the 

sediments. These concretions are 50 to 80mm in diameter 

and maintain their diameter throughout their preserved 



Table 10. Number of Complete/Partial Skeletons of Smal1-
Animal Taxa in the Fish Creek-Vallecito Creek Area. Data 
for All Localities. 
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Taxon Number of Complete/partjal Skeletons 

Geomys sp. 7 
Geomys garbanii 5 
Leporinae, gen. and sp. indet. 4 
Sy7vi7agus sp. 2 
Sy tvi 7agus hibbardi 2 
Hypo7agus vetus 2 
Leporidae, gen. and sp. indet. 2 
Sigmodon sp. 2 
Thomomys sp. 1 
Scapanus ma7atinus 1 
Serpentes, gen. and sp. indet. 1 
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length. As these concretions weather out of the sediments 

they tend to break into several pieces, the largest up to 

one meter long. Unless disturbed by downslope movement, the 

pieces tend to remain in alignment. These concretions are 

composed of the same sediments as the surrounding lithology. 

Well-preserved skeletons of Geomys anzens;s and G. gsrbsn;; 

can sometimes be found in these concretions suggesting that 

these are fossilized burrows that were constructed by these 

gophers. A single specimen of Thomomys sp. (IVCM 7140, IVCM 

locality 491) is a complete skeleton with all elements in 

articulation. The skeleton shows that the animal was curled 

up around itself with the head resting on the tail and the 

legs folded under the body. Apparently this individual of 

Thomomys sp. died in its burrow which was dug into a fine

grained, gray sand. Articulated skeletal elements of Geomys 

sp. were also found at this site. Another example of in 

situ specimens is from IVCM locality 1208. At this site a 

complete skeleton of Geomys sp. (IVCM 7538) was found in a 

tan siltstone. Associated with this specimen was the 

articulated skeleton of an unidentified snake (IVCM 7706) in 

a coiled posture. 

Specimens found in fossilized burrows were obviously 

not transported and clearly indicate that the animal died in 

its preferred habitat. The association of both species of 

Geomys with sandstones indicates that the extinct species 

preferred to excavate their burrows in sandy soils, as do 
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extant species of Geomys (Kennerly, 1958, 1959). Thomomys 

is less particular about the substrate in which it excavates 

its burrows (Dr. J.A. White, oral comm.). 

In situ specimens are important because they provide 

the best information about probable habitats in the FCVC 

area during the Blancan and Irvingtonian. 

Predator Accumulated Assemblages 

In addition to screen wash localities, microvertebrates 

have also been found in small, elongate concretions (pellets 

in the LACM records) in the FCVC section. These are 

probably fossilized feces (coprolites) and fossilized 

pellets of avian raptors. Pellets are simply undigested 

accumUlations of skeletal elements held together by fur, 

skin, and feathers (Andrews, 1990b). Feces contain digested 

and undigested organic material in addition to possible fur 

and bony remains (Andrews, 1990b). The organic material can 

act as a locus for permineralization of the pellet/fecal 

material and its contents, provided the pellet/feces is not 

transported after being eliminated from the animal (Korth, 

1979; Andrews, 1990b). 

It was not possible to do any detailed study of the 

coprolites/pellets in the LACM collection and most of those 

in the IVCM collection, as they had all been prepared to 

remove their contents. The LACM and IVCM records did not 

indicate which small-animal skeletal elements in a locality 

were obtained from coporolites/pellets and which were 
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collected by other means. However, some of the IVCM 

coprolites/pellets were not prepared or their contents were 

listed separately so that this subset of all the 

coprolite/pellet can be discussed (Table 11). 

Study of the IVCM coprolite/pellet subset shows that in 

anyone coprolite/pellet the majority of the remains belong 

to only one or two taxa. This indicates either the prey 

preference of the predator or the availability of prey 

species. The coprolites/pellets are all elongate, taper at 

one or both ends, and are densely packed with bone, 

resembling Recent coyote feces/raptor pellets rather than 

being irregularly shaped masses as would be the case if 

these were simply concretions formed around the skeletal 

elements. There is no indication of size sorting of the 

skeletal elements and many of the bones in a single skeleton 

are present. Long bones are usually whole. Breaks, when 

they occur are very sharp, there is no evidence of 

mechanical abrasion as would occur in stream transport. 

These observations agree with the criteria given by Korth 

(1919) to recognize a fossil assemblage of scatological 

origin so that the coprolites/pellets are not merely non

biologic concretions formed around bony material. 

Nine of the IVCM screen-wash localities also contained 

coprolites (IVCM locs. 27, 30, 124, 142, 174, 292, 291, 322, 

333). This would suggest that the microvertebrate remains 

recovered from these sites by screen washing were bound up 
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Table 11. Summary of Taxa Recovered from the 
Coprolite/Pellet Subset in the IVCM Collection. 

Locality 

30 

54 

174 

292 

332 

333 

334 

777 

813 

866 

867 

1107 

1150 

1309 

Number of 
Coproljtes/Pellets 

1 

1 

1 

1 

1 

1 

Taxon 

Lagomorpha, gen. and sp. 
indet. 
Rodentia, gen. and sp. 
indet. 

Geomys garbanii 
Spermophi7ius sp. 
Rodentia, gen. and sp. 
indet. 
Neotoma sp., Leporidae, 
gen. and sp. indet. 
Aves, gen. and sp. 
indet. 
Geomys sp., Leporidae, 
gen. and sp. indet. 
Geomys garbanii, 
Geomys sp., Neotoma sp. 
Sigmodon sp., Leporidae, 
gen. and sp. indet. 
Sciuridae, gen. and sp. 
indet. 
Rodentia, gen. and sp. 
indet., Lagomorpha gen. 
and sp. indet. 
Rodentia, gen. and sp. 
indet. 
Lagomorpha, gen. and sp. 
indet. 
Rodentia, gen. and sp. 
indet. 
Rodentia, gen. and sp. 
indet. 
Lagomorpha, gen. and sp. 
indet. 
Sciuridae, gen. and sp. 
indet. 

* = Other coprolites/pellets at this locality, specimens 
prepared, total number of coprolites at locality not 
recorded. 

? = Number of coprolites/pellets at this locality not 
recorded, records indicate which small-mammal fossils were 
prepared from coprolites/pellets. 
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in coprolites/pellets that subsequently disintegrated. and, 

therefore, that some of the microvertebrate localities were 

originally predator latrine sites. 

Most skeletal elements in the coprolites can only be 

identified as Rodentia, gen. and sp. indet., Lagomorpha, 

gen. and sp. indet., and Leporidae, gen. and sp. indet. For 

those skeletal element which permit more specific 

identifications the following taxa have been recognized in 

the coprolites: Neotoma sp., Geomys sp., Geomys garbanii, 

Sigmodon sp., Sc;ur;dae, gen. and sp. indet., and Aves, gen. 

and sp. indet. (Table 10). 

Isolated crania of G. garbanii (17), Geomys sp. (10), 

Neotoma sp. (3), Hypo7agus vetus (2), Geomys anzensis (2), 

and Sigmodon sp. (1) are occasionally found in sandy, 

calcareous concretions that occur in the middle part of an 

upward-fining sequence or the sandstone part of an 

alternating sandstone-siltstone sequence. These specimens 

are missing the part of the cranium posterior to the orbits. 

This pattern of breakage is similar to that produced by 

avian raptors (Dodson and Wexlar, 1979). These specimens 

are best interpreted as having originally been in 

regurgitated pellets. Subsequent action by flowing water 

disintegrated the pellet, removed the more easily 

transportable elements from the pellet, and left the more 

difficult to transport crania (Korth, 1979) to act as the 

loci for concretion formation. 
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Number of Indiyiduals of Small-Mammal Genera and Species 

Table 12 summarizes the number of individuals and raw 

relative abundances of the small-mammal taxa from all the 

small-mammal sites and the subset of productive localities 

in the FCVC section. Number of individuals are calculated 

according to the methods of Badgley (1986b) in which each 

isolated skeletal element and in situ specimen counts as one 

individual. Numbers of individuals are estimates and are 

based on dental and cranial specimens because these 

specimens can be identified to the genus or species level. 

Among localities there is uniformity to the taxonomic 

composition of the small-mammal components. Reptiles, 

amphibians, and birds are uncommon even in assemblages with 

the greatest abundance of small animal fossils. Among the 

small mammals, the Rodentia is the dominant taxon, followed 

by the Lagomorpha. Members of the Order Insectivora are 

locally abundant, such as at LACM locality 1114. Bats and 

small carnivores are rare in all cases. Among the Rodentia 

several taxa are persistently present, while others occur 

only at a few localities. Table 12 shows that, for some 

genera and species, most of their occurrences are from the 

productive localities (e.g., Dipodomys compactus, Scapanus 

ma7atinus, Reithrodontomys sp.), while others were collected 

from many localities (e.g., Hypo7agus vetus, Neotoma sp., 

Sigmodon minor). 
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Table 12. Estimated Number of Individuals of Genera and 
Species of Small Mammals «5 kg) in the Palm Spring and 
Imperial Formations. Data for all Localities that Produced 
Small Mammals Unenclosed by Parentheses. Data for 
Productive Localities in Parentheses. 

Genus/Species Number of Individuals 

Neotoma sp. 
Sigmodon minor 
Dipodomys sp. 
Geomys sp. 
Perognathus sp. 
Geomys garbanii 
Sigmodon 7indsayi 
Sy7vi7agus hibbardi 
Peromyscus sp. 
scapanus ma7atinus 
Sy7vi7agus sp. 
Sigmodon sp. 
Hypo7agus vetus 
Geomys anzensis 
Dipodomys n. sp. A 
Dipodomys compactus 
Reithrodontomys sp. 
Thomomys sp. 
Pewe7agus dawsonae 
Dipodomys hibbardi 
Anzanycteris anzensis 
Hicrodipodops sp.? 
Hictomys anzensis 
Himomys sp. cf. H. parvus 
Sorex sp. 
Coendou bathygnathum 
Hypo7agus sp. 
Hypo7agus edensis 
Baiomys sp. 
Ca770mys (Bensonomys) sp. 
Coendou stirtoni 
Scapanus sp. 
Spermoph i 7 us sp. 
Dipodomys n. sp. B 
Nekro7agus sp. 
Onychomys sp. 
Eutamias sp. 
Lepus sp. 
Lepus sp. cf. L. ca770tis 
Lepus ca 7 t0t is 
Notiosorex sp. 
Bassariscus sp. 
Sy7vi7agus sp. cf. S. f70ridanus 
Trigonictis 

480 
328 
296 
222 
191 
154 
124 
120 

86 
76 
73 
70 
66 
51 
49 
27 
25 
22 
21 
18 
13 
13 
13 

8 
7 
6 
6 
6 
5 
5 
5 
5 
5 
4 
4 
4 
3 
1 
1 
1 
3 
2 
2 
2 

(207) 
( 101 ) 

(8) 
(88) 
(50) 
(47) 

(124) 
(93) 
(65) 
(70) 
(17) 
(65) 
(6) 

(16 ) 
(1) 

(27) 
(25) 
(15) 

(4) 
(0) 
(1) 
(1) 
(5) 
(8) 
(7) 
(0) 
(0) 
(0) 
(5) 
(4) 
(0) 
(1) 
(1) 
(0) 
(0) 
(3) 
(1) 
(0) 
(0) 
(0) 
(1) 
(0) 
(0) 
(0) 



Table 12. Continued. 

Genus/Specjes Number of Indjyjdyals 

Microtus ca7ifornicus 
Urocyon SPa 
Dipodomys Spa cf. D. minor 
Lasiopodomys SPa cf. L. deceitensis 
Muste77a SPa cf. M. frenata 
Terric07a meadensis 
Sp i 70ga 7 e sp. 
Vu7pes SPa 

2 
2 
1 
1 
1 
1 
1 
1 

(2) 
(0) 
(0) 
(0) 
( 1 ) 
(0) 
(1) 
(1) 

215 
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ImDlicatioQs of Small Animal TaDboQomy 

The primary purpose of the analysis of the taphonomy of 

the small animals in the Palm Spring Formation is to 

determine whether or not the assemblages can be used for a 

realistic interpretation of Blancan and Irvingtonian 

paleoecology and community structure (Voorhies, 1969; 

Behrensmeyer, 1975; Badgley, 1982a, 1986a; Damuth, 1982). 

This can be accomplished by determining if the fossil 

assemblages (e.g., the productive assemblages) preserve a 

realistic representation of the diversity and relative 

abundances of small animal, particulary small mammal, taxa 

(Wolff, 1973; Korth, 1979). 

Estimates of the relative abundance of taxa are also 

constrained by time and stratigraphic limits and also must 

be considered from the study of many assemblages within 

those limits. Taphonomic processes determine whether many 

or few individuals contributed fossils to an assemblage and 

the probable number of individuals in the assemblage 

(Badgley, 198Gb). The latter is most important because it 

forms the basis for estimates of relative taxonomic 

abundance. Relative taxonomic abundance is also affected by 

the degree to which assemblages are time-averaged 

(Behrensmeyer, 1978. 1982a.b; Badgley. 1982b). Depending on 

conditions. it appears that the best estimate for limits of 

an attritiona1 vertebrate fossil assemblage represents 102 -

104 years (Behrensmeyer, 1982a,b). Assemblages that 
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accumulated over long spans of time will be more time

averaged, contain more specimens and individuals, and 

therefore present a possibly skewed estimate of relative 

abundance. The affect of time-averaging depends on the time 

span used for the relative abundance estimate. If short 

periods of time are considered, then the affects of time

averaging will be, potentially, more serious because the 

assemblages may have formed over time spans shorter than the 

time span used to estimate relative abundances. 

Catastrophic assemblages may preserve an accurate 

representation of relative taxic abundance if the 

catastrophe affected many taxa over a broad area. Such a 

situation is unknown for the vertebrate fossil record. 

Known vertebrate catastrophic assemblages are monospecific 

assemblages from single quarries. Therefore. attritional 

assemblages must be used to estimate relative taxonomic 

abundance with the caveats just mentioned. As with 

diversity. this study will consider relative taxonomic 

abundance with respect to the Blancan and early Irvingtonian 

NALMA's and the limits of the major lithofacies ("members"), 

The potential disadvantage to this approach is that it only 

allows a general estimate of relative taxonomic abundances 

and a broad interpretation of the paleoecologic conclusions 

derived from those estimates. 

The in situ occurrences that were found in burrows 

provide the best information on the habits and habitats of 
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the taxa found in this manner. Specimens of these taxa, 

Geomys and Thomomys, were obviously not transported and the 

animals died in the habitat in which they lived. These 

occurrences are taphonomically unbiased. This type of in 

situ occurrence, however, is not adequate, by itself, to 

determine the abundance of these taxa relative to others. 

Burrow-type in situ occurrences must be included in a larger 

time and/or stratigraphic span to be included in estimates 

of relative taxonomic abundance. Because burrow-type in 

situ occurrences are untransported, they can be used in 

diversity estimates at any time and/or stratigraphic span. 

The coprolite/pellet assemblages must be used with 

caution in paleoecological and paleocommunity analyses. 

Because raptor pellets and carnivoran feces are very easily 

destroyed by transport in flowing water (Korth, 1979), the 

sites containing the coprolites/pellets represent an 

untransported fossil assemblage (Badgley, 1986a). However, 

the coprolite/pellet assemblages may contain species from 

several habitats because predators may range widely in 

search of prey (Andrews, 1990b). These sites are probably 

minimally time-averaged, representing the length of time 

that the predator used the site for elimination. This 

length of time was probably on the order of years, the life

span of the predator, rather than the 103-104 span of time 

represented in long-term attritional floodplain assemblages 

(Behrensmeyer, 1982a). Associated bones of larger animals 
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may, however, represent longer periods of bone accumulation. 

Coprolite/pellet assemblages provide a possibly biased view 

of diversity and relative taxonomic abundance if they are 

solely relied upon for these estimates. The skeletal 

elements recovered from the co~rolites may reflect the 

preferred prey taxa and proportions of taxa consumed by the 

predator rather than the diversity and taxonomic abundance 

of taxa in the vertebrate assemblage (Dodson and Wexlar, 

1979). This is especially so if the predator were a 

selective feeder. If the predator were a non-selective 

feeder, it is possible that the prey taxa and their 

proportions in the coprolites/pellets would reflect both the 

actual diversity and relative taxonomic abundances because 

the predator would be taking prey species based on their 

abundance. The observation that the coprolite/pellet 

assemblages preserve a limited, yet repetitive number of 

taxa, and that these taxa are the most abundant small 

mammals in non-coprolite/non-pellet assemblages suggests 

that these taxa were very abundant in the vertebrate 

component of the paleocommunity. 

The isolated crania of Geomys garbanii, G. anzensis, 

Geomys sp., Neotoma sp., Sigmodon sp., and Hypo7agus vetus 

found in the concretions were probably regurgitated by 

raptors. Considered by themselves, these occurrences would 

indicate a biased fossil record following the arguments just 

presented. When considered in relation to the entire suite 
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of assemblages in the Palm Spring Formation, it appears that 

these taxa were most often taken by raptors because they 

were originally abundant in their paleohabitats. 

Most skeletal remains of small animals were collected 

from assemblages or isolated occurrences that show evidence 

of very short-distance transport. These assemblages were 

mostly obtained from very fine-grained sediments forming 

floodplains or the uppermost part of an upward-fining 

sequence. In either case, deposition under very low energy 

conditions is implied, probably by sheetflow rather than by 

active stream currents. Some winnowing of the most easily 

transportable skeletal elements occurred, but the overall 

result was to leave most skeletal elements as lag-deposit. 

Sources of the skeletal elements were probably varied. Some 

were certainly from predator feces/pellets. Others, 

possibly most, were the result of passive, attritional 

mortality. 

Passive, attritional mortality would accumulate remains 

of taxa which lived in the immediate area and so sample a 

more restricted habitat or set of habitats than would a 

predator-accumulated assemblage which would represent a 

sample from the predator's home range (which can be tens of 

square kilometers in avian raptors) (Behrensmeyer, 1975, 

1987, 1988a; Badgley, 1986a). Such a natural sampling 

process wo~ld be more likely to capture less common taxa 

(Badgley, 1986a), such as as the assemblage at LACM locality 
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1114 which preserves commmon small mammals such as Neotoma 

and Sigmodon as well as uncommon taxa such as Baiomys, 

Onychomys, and Reithrodontomys. Again, the small animal 

assemblages and isolates must be viewed in the context of 

time and/or stratigraphic constraints. Within these 

constraints the small animal assemblages and isolates in the 

Palm Spring Formation provide a reasonable representation of 

the original taxonomic diversity during the Blancan and 

early Irvingtonian. 

It could be argued that this natural sampling process 

does not preserve an accurate representation of the relative 

taxonomic abundances because it samples potentially 

restricted habitats. However, many of the same taxa (e.g. 

Geomys, Neotoma, Dipodomys, Sy7vilsgus, Sigmodon, 

Perognathus) are repeatedly found in the small-animal 

assemblages and isolates throughout the Palm Spring 

Formation in a variety of lithologies and depositional 

environments. This would suggest that the small-animal, or 

at least the small-mammal taxa that are commonly found as 

fossils were common in the original communities and that the 

uncommon taxa were originally uncommon. Therefore, it may 

be possible to use the small-animal assemblage from the Palm 

Spring Formation as an accurate representation of originai 

taxonomic abundances during the Blancan and Irvingtonian. 

The last statement must be accepted with some 

qualifications. Except for Scapanus ma7atinus, insectivores 
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are very poorly represented in the Palm Spring Formation in 

terms of diversity and numbers of specimens (Table 12). 

Chiropterans are also extremely rare (Table 12). As 

reported by Howard (1963), the avifauna is diverse (38 taxa, 

minimum), but numbers of specimens per taxon is very low 

(average 4 bones). Among the reptiles, lacertilians are 

diverse (15 taxa), but like the birds, numbers of specimens 

per taxon is low (average 6) (Norell, 1989). Snake 

diversity is also very low (6 taxa) and the taxa present are 

represented by very few specimens (1 per taxon). Amphibians 

are extremely rare, with only one genus, Bufo, being 

recognized from one specimen. There are two explanations 

for these observations. These taxa have the smallest body 

sizes in the total collection from the Palm Spring 

Formation. This would make their remains the most 

susceptible to transport (Dodson, 1973; Korth, 1979; 

Badgley, 1986a) and destruction (Behrensmeyer, 1978) thereby 

greatly reducing the chances of their preservation. The 

skeletal elements of these taxa, especially those of the 

birds and chiropterans, are extremely fragile, which 

increases their chances of destruction and decreases their 

preservation potential. These two factors will affect the 

preservation potential of these taxa regardless of the 

habitats in which they lived or died. 

The relatively large numbers of individuals (76) 

referred to Scapanus ma7atinus, a mole, are probably due to 
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this animal having a fossorial habit which would increase 

the chances of its preservation. The observation that other 

talpid taxa are not known from the Palm Spring Formation 

suggests that Scapanus ma7atinus was the only mole present 

in the area during the Blancan and early Irvingtonian. 

The data indicate that the very small animals discussed 

in the preceding two paragraphs, whose common characteristic 

is the possession of extremely fragile skeletal elements, 

are not preserved in the Palm Spring Formation in anything 

like their original diversity or relative taxonomic 

abundance. 

The taphonomic analysis of the small animals from the 

Palm Spring Formation is summarized as follows. The 

taphonomic histories of individual assemblages, in situ, and 

isolated occurrences must first be considered prior to any 

paleoecologic interpretations being made about the small 

animals (Badgley, 1986a; Gunnell, 1994». The taphonomic 

histories must then be placed into the temporal context of 

the Blancan-early Irvingtonian and the stratigraphic context 

of the major lithofacies ("members") of the Palm Spring 

Formation and the depositional environments of those 

lithofacies. When this is done it may be possible to infer 

that, with the few exceptions just mentioned and pending 

testing, an accurate representation of the diversity and 

relative taxonomic abundances of small animals, especially 

small mammals, is preserved in the Palm Spring Formation. 
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Large Mammal Taphonomy 

The skeletal remains of large-bodied mammalian taxa 

accumulated in some of the same ways as did small-bodied 

taxa. F1uvia11y transported and floodplain lag assemblages 

are the most common taphonomic modes for assemblages with 

both large and small numbers of specimens. A few specimens 

were collected from lacustrine and tidal flat deposits. In 

situ occurrences are uncommon and preserve the few nearly 

complete skeletons from the Palm Spring Formation. The 

skeletal elements from large mammal taxa do provide an 

opportunity to obtain more details about their taphonomic 

history because their larger mass preserves more information 

about their weathering and transport history. 

Trsnsported Assemblages of Large MSmma7s 

Except for the in situ occurrences, all the assemblages 

of large mammals show some evidence of sorting of skeletal 

elements pric· to final burial. This is seen by the 

observation that these assemblages contain few or no 

articulated elements and that the most commonly preserved 

elements are those that occur in Voorhies' (1969) transport 

groups II and III as well as some that plot within Group I 

or Group 1/11 (podia1s, phalanges, sesamoids, calcanea, 

astragali) (Tables 13 and 14). This indicates that the 

degree of sorting was minimal because the current velocities 

were weak (less than 152cm/sec) (Voorhies, 1969). 

According to Behrensmeyer (1975) this suggests that there 
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Table 13. Dispersal Groups (Voorhies' Groups) of Skeletal 
Elements of Large Mammals. 

GROUP I 

Immediately transported 
by flotation or by 
saltation 

RIB 
VERTEBRA 
SACRUM 
STERNUM 
SESAMOID 
PODIAL 

ulna 
scapula 
patella 
phalanx 

GROUp II 

Removed gradually, 
transported by 
traction 

FEMUR 
TIBIA 
HUMERUS 
METAPODIAL 
PELVIS 
RADIUS 

dentary 

GROUp III 

Lag deposit 

SKULL 
ISOLATED 

TEETH 

Elements in lower-case type are intermediate between the two 
groups in which they appear. Dispersal susceptibilities of 
fibulae and antlers/horn cores not determined. 

From Voorhies (1969) with modifications by Behrensmeyer 
(1975). 
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Table 14. Frequencies, in Per Cent, of Skeletal Elements of 
Large Mammals in the Palm Spring and Imperial Formations by 
Depositional Environment. Frequencies for an "Average" 
Large Mammal Given for Comparison. Teeth/Vertebrae Ratios 
Included. 

Ayeraqe 

VT 26 
TH 20 
RB 13 
PO 10 
PH 6 
MP 6 
SE 6 
SC 1 
HM 1 
RD 1 
UL 1 
FM 1 
TB 1 
FB 1 
PT 1 
DE 1 
MX 1 
CR * 
SA * 
ST * 
PE * 
HC 1 

n = 198 

TH/YT 

1.0:1.0 

"Channel" 

10 
11 

1 
18 

4 
11 

3 
5 
1 
3 
3 
1 
3 
lit 

* 5 

* 2 
o 
o 
2 

13 

n = 409 

1.0: 1.0 

"Fj 11" 

6 
14 

* 15 
14 
13 

1 
3 
3 
3 
3 
2 
5 
o 
* 6 
1 
1 
o 
o 
3 
5 

n = 791 

2.3:1.0 

* = frequency less than 1~ 

Floodplajn 

5 
16 

2 
18 
14 
10 

2 
3 
2 
2 
2 
2 
3 

* 1 
5 

* 2 

* o 
1 

10 

n = 1106 

Tidal 
.Elat 

10 15 
26 8 

1 0 
17 15 
12 31 
10 0 

2 0 
1 0 
3 8 
3 0 
1 0 
1 0 
3 0 
1 0 
1 0 
5 15 
o 0 
4 8 
o 0 
o 0 
o 0 
3 0 

n = 117 n = 13 

3.3: 1.0 2.5:1.0 0.5:1.0 

VT = Vertebrae, TH = Isolated Teeth, RB = Ribs, PO = Podia, 
PH = Phalanges, MP = Metapodia, SE = Sesamoids, SC = 
Scapulae, HM = Humeri, RD = Radii, UL = Ulnae, FM = Femora, 
TB = Tibiae, FB = Fibulae, PT = Patellae, DE = Dentaries, MX 
= Maxillae, CR = Crania, SA = Sacra, ST = Sternae, PE = 
Pelves, HC = Antlers/Horn Cores 
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was minimal transport of the assemblages and, therefore, 

that the assemblages accumulated relatively near the site 

where the contributing skeletons disarticulated. This 

implies that many of the assemblages formed "proximal" to 

the principal habitats of the fossilized taxa. In addition 

to sorting, the depositional environment in which the 

assemblages were found must be considered (Behrensmeyer, 

1975). 

Table 5 shows that the great majority of assemblages 

were collected from fine-grained sediments. These fine

grained sediments are interpreted as representing mainly 

either floodplains or the uppermost parts of an upward

fining sequence (uppermost braidbar), that is sediments 

deposited under conditions of relatively low flow 

velocities. Lacustrine and tidal flat deposits form the 

remainder of the fine-grained deposits. This would 

reinforce the interpretation that many of the large mammal 

assemblages were subjected to minimal transport prior to 

burial. This interpretation appears valid for assemblages 

with few specimens (the majority) or those with numerous 

specimens (Table 6). 

Table 14 shows the distribution and frequency of the 

skeletal elements of the large mammal taxa in each of the 

depositional environments in the Palm Spring and Imperial 

Formations. Table 14 also includes the frequency of each 

element in an "average" large mammal skeleton for comparison 
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with the frequencies of skeletal elements in the 

depositional environments. For the Palm Spring Formation 

Equus is used as the "average" large mammal because it is 

the most abundant taxon in the formation. This procedure 

will underestimate frequencies of phalanges. Antlers and 

horn cores have been included because they are commonly 

found and provide taphonomic data on weathering and decay 

processes (Behrensmeyer, 1975). Specimens counted were only 

those from localities that could be assigned to a particular 

depositional environment. This reduces the sample size, but 

still includes samples drawn from over 1,000 localities. 

The analysis of large-mammal taphonomy is based on the 

specimens from the 103 productive localities discussed 

earlier in this chapter (Table 6). 

Taphonomy of the Tidal Elat and Lacustrine Depositional 

Enyi ronments 

Only thirteen specimens were collected from the tidal 

flat environment of the Imperial Formation. Such a small 

sample is not very informative. The exceptions to this is a 

group of elements from Voorhies' Groups I and III. This is 

an unexpected grouping (Behrensmeyer, 1975) and may reflect 

stochastic preservation rather than the operation of 

depositional and preservational processes in the tidal flat. 

Tidal flat environments would probably be expected to 

preserve well-sorted assemblages due to the daily ebb and 

flow of tidal currents. Vertebrate assemblages in this 
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environment should consist almost exclusively of elements 

belonging to one Voorhies' Group, the exact group dependent 

upon hydrodynamic circumstances and skeletal element 

availablity. The results indicate poor hydrodynamic 

equivalents in this environment, suggesting either 

stochastic preservation or minimal transport and rapid 

burial. 

The lacustrine depositional environment contains a mix 

of elements from all three Voorhies' Groups. Approximately 

35~ are from Group III (most represented by isolated teeth), 

16~ are intermediate between Groups I and II, 17~ are from 

Group II, and 31~ are from Group I. The Voorhies Groups, 

however, are based upon the transport susceptibilities of 

skeletal elements in fluvial environments and do not apply 

to 1austrine environments. Placing the elements from the 

lacustrine environments in Voorhies' Groups is useful, 

however. With one exception, all the elements from the 

lacustrine sites are single isolated elements or isolated 

elements within an assemblage. This suggests that they were 

brought into the lacustrine environment by fluvial processes 

rather than entering that environment by disarticulation of 

carcasses within the lacustrine setting. The large 

percentage of elements from Groups I and 1/11 tends to 

support the suggestion. In turn, this suggests that the 

lacustrine environment acted as a catch-basin for elements 

brought into it by fluvial processes and so received a 
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random sampling of taxa from the surrounding area. A 

single, partial skeleton of Tapirus merriami, IVCM 3356, 

IVCM locality 835, was recovered from a gray, lacustrine 

claystone in the Tapiado "member". Tapirs are the most 

likely large mammal to inhabit a lacustrine environment. It 

is anomalous that more specimens of tapirs were not 

preserved. The probablity of preservation of complete or 

partial skeletons should be high in a lacustrine environment 

free of large aquatic predators and scavangers. A 

lacustrine environment should also prevent carcass 

destruction by trampling. The scarcity of complete and 

partial skeletons in the lacustrine sediments may reflect 

low input of carcasses, but most probably indicates that 

biologic productivity and oxidation were high so that 

organic remains were completely decayed. The rarity of 

vertebrate fossils and total absence of organic-rich 

sediments in the lacustrine facies of the Tapiado "member" 

would support this idea. 

TaDhonomjc Generaljzatjon of the fluyjal DSQosjtjonal 

Enyironments 

Several interesting observations can be made by 

examining the distribution and frequencies of skeletal 

elements in the fluvial depositional environments shown in 

Table 14. Those observations that pertain to all three 

fluvial environments will be discussed first followed by 

discussions of each individual depositional environment. 
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All three fluvial depositional environments contain a mix of 

elements belonging to the three Voorhies' Groups, but not 

necessarily in the proportions found in an "average" large 

mammal skeleton. Compared to the "average" large mammal 

skeleton, all three fluvial dopositiona1 environments are 

impoverished in the following elements: vertebrae, ribs, 

sesamoids, sterna (Group I), and isolated teeth (Group III). 

They are enriched in podia1s (Group I), metapodia1s (Group 

II), dentaries (Group II/III), and antlers/horn cores. No 

change is seen in the frequencies of humeri, femora, and 

radii/ulnae (Group II). 

These patterns suggest that the assemblages in each 

fluvial environment are sorted to some extent, most probably 

because of water velocity rather than distance of transport 

(Behrensmeyer, 1975). The loss of most Group I elements is 

expected as these should move at the lowest water 

velocities. Many Group I elements also possess high surface 

area-to-vo1ume ratios and shapes with thin, fragile 

projections. This would increase the susceptibility of 

these elements to chemical and physical weathering thereby 

decreasing their preservation potential in fluvial systems. 

The poor representation of isolated teeth is unexpected. 

Teeth are dense, compact elements which are very resistant 

to pre-transport and transport processes and so should be 

commonly found (Behrensmeyer, 1975). The reduced frequency 

of teeth relative to an "average" large mammal is most 
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probably due to the fact that most teeth were recovered from 

the Palm Spring Formation in the form of fragments. This 

makes it difficult to determine how many teeth are 

represented by the fragments. The result of this is almost 

certain to cause an undercount of the number of teeth in 

each depositional environment because the fragments are not 

included in the tooth count, and so reduce the frequency of 

teeth in those environments relative to the "average" large 

mammal. 

The enrichment in podials is anomalous. Voorhies 

(1969) did not include these elements in his flume study. 

Beherensmeyer (1975) repeated his experiment using different 

taxa and included the podials. She found that podials fell 

into Group I or Group 1/11 depending on size (the taxa in 

her study serving as size proxies). Podials are not dense 

elements and should be easily transported. Compared to 

other Group I elements, podials are compact with small 

surface area-to-volume ratios so that their shape may be a 

factor in their transport and subjection to weathering. 

Podials are probably more resistant to weathering than the 

other Group I elements that have large surface area-to

volume ratios. Their compact shape would also mean that 

they should survive trampling better than the other Group I 

elements (except for some sesamoids) that have more fragile 

shapes. This would mean that more podials are preserved to 

be transported and/or buried. Their compact shape may 
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most resistant to transport. 
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The enrichment of dentaries (Group II/III) and 

metapodials (Group II) is most probably due to the winnowing 

of most Group I elements from the original thanatocoenoses 

by stream flow, the greater survivability of these elements 

in a stream, and their greater preservation on land surfaces 

prior to entrainment (Behrensmeyer, 1975, 1978) so that more 

of them are available for entrainment. Thus, the enrichment 

of dentaries and metapodials is an expected result of the 

transformation of an assemblage of large mammal carcasses to 

a fossil assemblage. 

The occurrence of elements that did not signifcantly 

change in proportion from an "average" large mammal skeleton 

belong to Voorhies' Group II. Their presence suggests that 

the original skeletal element assemblage was minimally 

sorted and transported by stream currents. The fact that 

these elements were not enriched may indicate some degree of 

loss due to carnivores and scavangers destroying a 

proportion of these limb bones in the pre-transported 

assemblages. 

The enrichment of antlers and horn cores is almost 

certainly an artifact of preservation. These structures are 

easily broken into fragments so that one antler or horn core 

could potentially provide many specimens. This could give 

the appearance of an increase in abundance and frequency 
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that did not actually exist. Additionally, antlers are shed 

yearly so that their abundance and proportions will be 

greater than the numbers of individuals that produced them. 

Neither Voorhies (1969) nor Behrensmeyer (1975) tested 

antlers and horn cores for their susceptibility to 

transport. Therefore neither of these elements can be 

placed within a Voorhies' Group. It is possible that they 

belong to Group I because of their low density, but the 

projecting tines of a complete antler or horn core might 

impede their movement, placing them in a more transport

resistant group. The dispersal ability of fragments of 

these elements is not known. Antler and horn core fragments 

may belong in Group I because of their low density and 

similarity in form to ribs, which are also Group I. The 

abundance of antler and horn core fragments does have 

significance with regard to the pre-transport history of the 

assemblages. According to Behrensmeyer (1975), horn cores 

in African floodplains are quickly destroyed by worms so 

that they are relatively scarce in fossil and Recent bone 

assemblages. The relative abundance of antler and horn core 

fragments in the Palm Spring Formation may indicate that 

these elements were buried below the reach of organic 

decomposers or that organic decomposers that favored antlers 

and horn cores did not exist in the Palm Spring 

paleoenvironments. 
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Tapbonomy of tbe "Cbannel" Depositional Environment 

The depletion of Voorhies' Group I skeletal elements, 

except for podials, ;s expected in a channel depositional 

environment (Table 14) (Voorhies, 1969; Behrensmeyer, 1975). 

These elements are either transported beyond the reach of 

the channel where the fossil assemblage was deposited or 

these elements were destroyed during transport. The 

enrichment of Group II and III elements is also expected 

resulting in winnowed/lag fossil assemblage. The co

occurrence of Group II and III elements as well as scapulae 

(Group 1/11) and podials (Group I) indicates that the 

currents that deposited the "channe'" assemblages were not 

very strong. The enrichment in scapulae is probably due to 

shape and density factors. The most commonly preserved part 

of the scapula is the head which is the most dense and 

compact part of this bone. Elements which show essentially 

no change between their proportions in an "average" mammal 

skeleton and the fossil assemblage (Table 14) are in Group 

II and III. Carnivore/scav~~ger activity, pre-burial 

destruction by physical and chemical processes, or lack of 

availability may account for the non-enrichment of these 

elements in the "channel" assemblage. 

As expected (Table 15), partial skeletons and 

articulated specimens are very rare in the "channel" 

assemblage. The articulated specimens are portions of 

limbs. They probably represent unscavanged parts of 



Table 15. Number of Partial Skeletons and Articulated 
Elements of Large Mammals in the Palm Spring Formation by 
Depositional Environment. 
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Deposjtjonal 
Enyjronment 

partjal Skeletons Artjculated 
Elements 

"Channel" 5 

"Channel-Fill" 4 18 

Floodplain 10 33 

Lacustrine 1 o 
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individuals held together by tendons, ligaments, and skin 

that were swept into the "channel" by floods. The single 

partial skeleton is of £quus (Doi7ichohippus) sp., LACM 

3346, LACM locality 1250. This specimen consists mainly of 

articulated vertebrae and may represent an individual 

drowned in the flood, or one that had recently died and 

whose carcass was carried into the flood before it could be 

scavanged. 

Behrensmeyer (1975) and Behrensmeyer and Dechant Boaz 

(1980) used the ratio between isolated teeth and vertebrae 

to indicate whether or not a fossil assemblage has been 

sorted. Ratios near 1:1 indicate an unsorted assemblage 

because the easily transported vertebrae occur in about the 

same numbers as the teeth which are very difficult to 

transport. The "channel" assemblage, as a whole, has a 

teeth/vertebrae ratio of 1.1:1.0 (Table 14) which suggests 

that the "channel" assemblage has undergone little or no 

sorting. This contradicts the indications of sorting 

evidenced by the loss of nearly all Group I elements. The 

ratio probably reflects the undercount of isolated teeth in 

the "channel" assemblage, as noted in the previous section, 

rather than a totally unsorted, untransported assemblage. 

The "channel" assemblage is also unusual because the 

majority of the skeletal elements in it are not in hydraulic 

equivalence with the sediments. Nearly all the sediments 

associated with the "channel" assemblage occur in the very 
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coarse sand/granule range (1-3mm). Grains larger than this 

are rare. Lenses and stringers of pebbles are uncommon and 

not extensively developed «1m across, <.25m thick) in 

the upward-fining sequences. The presence of thin, 

discontinuous stingers of pebbles suggests that these are 

lag deposits; i.e., winnowed out by receding stream velocity 

following a pulse of high energy deposition. Skeletal 

elements belonging to Voorhies' Groups III should be 

associated with these stringers, but this is not observed. 

The sizes of the preserved elements and parts of 

elements in the "channel" assemblage indicate that most of 

them should have been deposited with grains greater than 

2.0mm (Behrensmeyer, 1975, figure 7, table 3). That this is 

not observed suggests that the elements in the "channel" 

assemblage were not deposited in hydraulic equivalence with 

the enclosing sediments. 

Why this is so can be explained as follows. Grains 

larger than 2.0mm were not available. Grains of this size 

and la~ger were trapped in the alluvial fans where the slope 

abruptly changed to the much more gentler gradient of the 

floodplain. The very coarse sands and granules of the 

upward-fining sequences, if a slurry as proposed in the 

chapter on depositional environments, may have been carried 

onto the floodplain as much by momentum as by aqueous flow. 

Skeletal elements in the "channel" assemblage initially 

accumulated on the floodplain or braidbars of the "channel-
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fill". Skeletal elements were scavanged from floodplain and 

"fill" surfaces or reworked from floodplain and "fill" 

sediments. The skeletal elements are, in essence, the 2.0mm 

and larger grain-size fraction of the upward-fining 

sequences. 

Taphonomy of the "Channel-Fill" Deposjtjonal 

Environment 

The "channel-fill" depositional environment consists of 

the finer grained sediments that grade upwards from the very 

coarse sands of the sheet channel. The "channel-fill" 

sediments grade laterally and vertically into floodplain 

sediments, the main difference being the lack of sandy 

sediments in the floodplain sediments. The "channel-fill" 

is most probably the coalesced braidbars that form the 

"underpinning" of the floodplain. 

The "channel-fill" sediments are enriched relative to 

the "average" large mammal skeleton mainly in elements 

belonging to Voorhies' Groups 1/11 and II (Table 14). This 

is the result of the winnowing of most Group I elements and 

deposition of the Group 1/11 and Group II elements prior to 

those in Group I (Group I elements bypass the "fill" sites) 

(Behrensmeyer, 1975). The enrichment of dentaries (Group 

II/III) suggests that they were first deposited or were not 

transported from death sites on the braidbars. The elements 

that occur in approximately the same proportions as the 

"average" large mammal belong to Groups I (patellae), 1/11 
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(scapulae), and III (maxillae and partial crania, mainly 

occipital regions). As for the "channel" assemblage, shape 

and/or density factors may have been responsible for the 

occurrence of the patellae and scapulae. The maxillae and 

partial crania are expected to occur in these finer grained 

sediments where they were either deposited first from the 

stream flow or never entrained from the bar surface. 

Partial skeletons and articulated specimens occur with 

greater frequency in the "channel-fill" assemblage compared 

to the "channel" assemblage (Table 15). This is to be 

expected because the stream velocities that deposited the 

finer grained sediments of the "channel-fill" would not be 

strong enough to move large objects such as partial 

carcasses or articulated portions of carcasses. In this 

case, these specimens were not transported from their death 

sites. Alternatively, these specimens may have been the 

first deposited on the bars as flow velocity decreased, in 

which case they may have been brought to their burial site 

from some distance away. 

The ratio of teeth to vertebrae in the "channel-fill" 

assemblage is 2.3:1.0 (Table 14). This indicates that the 

"channel- fill" assemblage has been sorted to some degree 

(Behrensmeyer, 1975; Behrensmeyer and Dechant Boaz, 1980) 

This is also supported by the lack of most Group I elements. 

It is evident that the "channel-fill" assemblage is not 

in hydraulic equivalence with the surrounding sediments. 
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The sediments consist of very fine to fine sand, silt, clay, 

and mixtures of these. The skeletal elements consist in 

size from chips to nearly complete skeletons with most 

elements being partial specimens. Most of these elements 

correspond to grain sizes of coarse sand or greater 

(Behrensmeyer, 1975). The lack of hydraulic equivalence 

between sediments and skeletal elements indicates that the 

elements were not transported very far from their place of 

origin rather than being brought in from great distances and 

deposited on the bars (Behrensmeyer, 1975; Badgley, 1986a). 

The overall pattern of skeletal elements in the 

"channel-fill" assemblage suggests that some sorting of 

elements did occur. Sorting, however, was minimal and 

affected mainly the Group I elements. These elements were 

either transported out of the area before flow velocity 

decreased to the value at which finer grained sediments 

would be deposited or they were destroyed by biological, 

physical, and chemical processes and so were not available 

for burial and fossilization. Thus the "channel-fill" 

assemblage, on the basis of skeletal element proportions, 

represents an assemblage that was formed from elements that 

were not transported very far from their sites of origin. 

The lack of hydraulic equivalence supports this because it 

indicates that the sediments and elements were not 

transported or deposited together. The "channel-fill" 

assemblage most probably represents an essentially 
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autochthonous assemblage of individuals that died on the 

braidbars and were buried there after minor biasing by 

chemical, physical, and biologic decomposition processes and 

minor sorting by fluvial currents (Badgley, 1986a). 

Taphonomy of the Floodplain Depositional Enyironment 

In addition to the taphonomic patterns held in common 

with the "channel" and "channel-fill" depositional 

environments, the floodplain depositional environment has 

its own unique patterns. Pelves (Group II) and maxillae 

(Group III) are slightly impoverished relative to an 

"average" large mammal (Table 14). This may be due to these 

elements not being transported out of the channels onto the 

floodplains during flood stages. It is more probable that 

these elements are autochthonous to the floodplain and their 

low proportions are the result of pre-burial destruction by 

physical and chemical processes (Badgley, 1986a). The 

blade-like shape of these elements gives them a high surface 

area-to-volume ratio so that chemical decomposition would be 

enhanced. The shape of these elements also imparts a 

structural weakness to them so that they would be less 

resistant to physical destruction, such as by trampling. 

Elements that are enriched belong to all the Voorhies' 

Groups (Tables 13, 14). This might suggest that the 

floodplain assemblage is unsorted (Behrensmeyer, 1975). 

However, the poor representation of most Group I elements 

suggests that the floodplain assemblage may have been sorted 
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by fluvial currents and that the floodplain assemblage is a 

winnowed/lag assemblage of the untransported elements 

(Voorhies, 1969; Behrensmeyer, 1975; Behrensmeyer and 

Dechant Boaz, 1980; Badgley, 1986a). Compared to other 

skeletal elements, those in Group I are the least dense, 

lightest in weight, and, with the exception of the podia1s 

and sesamoids, have the highest surface area-to-volume 

ratios. These properties increase the probability that 

Group I elements will be destroyed by physical, chemical, 

and biologic processes (Behrensmeyer, 1975, 1978). The 

occurrence of some Group I elements, especially podials, 

with those of Groups II and III suggests that these pre

transport/pre-burial processes were more important in 

biasing the floodplain assemblage than currents. 

Elements that show little or no change from the 

"average" large mammal proportions also belong to all three 

Voorhies' Groups (Tables 13, 14). Again, this suggests an 

essentially unsorted assemblage, further suggesting that the 

floodplain assemblage is mainly an autochthonous assemblage. 

The highest proportions of partial skeletons and 

articulated specimens occur in the floodplain depositional 

environment (Table 15). This;s expected because the low 

current velocities depositing the clays and silts of the 

floodplain would not be competent enough to move such large 

objects. The partial skeletons and articulated specimens 

represent individuals that died and were incomplete1y 



scavanged/weathered/trampled prior to burial. Thus, the 

partial skeletons and articulated specimens represent an 

autochthonous contribution to the floodplain assemblage 

(Voorhies, 1969; Behrensmeyer, 1975; Badgley, 1986a). 

The floodplain assemblage has a ratio of teeth to 

vertebrae of 3.3:1.0 (Table 14). This suggests that the 

assemblage has been sorted to some degree (Behrensmeyer, 

1975; Behrensmeyer and Dechant Boaz, 1980). The poor 

representation of most Group I elements supports this 

observation. 
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The skeletal elements in the floodplain assemblage are 

not in hydraulic eQuivalence with their surrounding 

sediments. This indicates that the sediments and most of 

the elements were not transported and deposited together 

(Behrensmeyer, 1975; Badgley, 1986a). The inference from 

this is that the elements in the floodplain assemblage have 

not been transported any great distance from their place of 

origin, that is the floodplain assemblage is primarily 

autochthonous. 

The overall taphonomic pattern for the floodplain 

assemblage suggests it was formed mostly in place by 

attritional processes (carnivory, disease, old age, drought, 

starvation). This accumulation was later biased by 

chemical, physical, and biologic agents of decomposition 

that destroyed the most fragile elements. These non-fluvial 

biasing agents were the main factors that mOdified the death 



245 

assemblage. The preserved elements and skeletons were also 

subjected to a minor amount of sorting, probably by 

sheetflood currents, that removed some of the remaining 

elements in Voorhies' Group I. 

Physica7 Characteristics of the Large Mamma7 Ske7eta7 

E7ements in the Fluvial Depositional EnYironments 

In addition to conSidering the proportions, absolute 

numbers, hydraulic equivalencies, shapes, sizes, and 

sedimentologic setting of skeletal elements in a taphonomic 

analysis, the pre-burial history of the elements must also 

be considered (Behrensmeyer, 1978; Behrensmeyer and Dechant 

Boaz, 1980). Pre-burial history includes study of the 

degree of weathering and abrasion on elements, evidence for 

carnivory and trampling, and what part or parts of an 

element survive decomposition by physical, chemical, and 

biologic processes. The following comments about the 

physical characteristics of the skeletal elements in the 

Palm Spring Formation apply to all three fluvial 

depositional environments. 

Very few of the elements show any evidence of abrasion, 

even those from the channel assemblage. Rounded bone 

pebbles are common in the channel lag deposits of the Diablo 

"member" according to Winker (1987). These are 

unidentifiable and serve only to indicate that some skeletal 

elements underwent one or more cycles of abrasion. Elements 

collected from the other "members" of the Palm Spring 
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Formation almost always possess sharp edges, even on broken 

portions. What abrasion is present is very minor, occurs on 

the projecting edges of a bone such as keels and crests, and 

usually takes the form of erosion of the outermost compact 

bone layer to round the edges and expose the underlying 

trabecular bone. The near absence of abrasion indicates 

that the elements were not transported for any great 

distance from their place of origin end probably were not 

reworked from older deposits (Behrensmeyer, 1975). 

Systems to describe the weathering states of bones on 

land surfaces have been proposed by Behrensmyer (1978) and 

Koster (1987). Under either one of these systems, the 

skeletal elements from each fluvial assemblage exhibit a 

wide variation in weathering states. The degree of 

weathering ranges from very fresh to "rotten" to portions of 

cancellous bone preserved because calcium carbonate crystals 

fill the interstices. Within anyone local assemblage in a 

fluvial deposit several weathering states can be observed. 

Some elements, especially the more complete ones, often show 

multiple weathering states. Weathering of elements is a 

complex process and reflects time of exposure on a land 

surface and the influence of micro-environmental factors 

(Behrensmeyer, 1975, 1978). According to Behrensmeyer 

(1975, 1978) a homogeneous mixture of elements in varying 

weathering states is most indicative of an attritional 

assemblage. If elements belonging to one weathering state 



247 

are clustered, this most probably indicates the effect of 

micro-environmental factors, irregardless as to whether the 

accumulation is attritional. The fluvial deposits from the 

Palm Spring Formation correspond to the first of the two 

possibilities, indicating that they are attritiona1 

assemblages. 

There are very few complete skeletal elements in any of 

the fluvial assemblages. Bone fragments are very common and 

consist of various sized, angular pieces. The complete 

skeletal elements are often the smaller, more compact 

elements such as podia1s (420), sesamoids (44), phalanges 

(298), patellae (24), and dermal ossic1es (3). Articular 

ends are the most commonly preserved parts of limb bones 

(257/317), metapodials (213/266), and ribs (26/26). Pelves 

and scapulae are usually represented by the acetabula 

(17/42) and heads (53/81), respectively. Vertebrae are 

rarely found as complete elements, centra (61/153) and 

vertebral arches (92/153) are most often found. Crania are 

commonly represented by partial specimens (42/48). 

Dentaries are usually represented by the tooth-bearing rami 

(136/136), the symphyses and coronoid processes most often 

broken away. Antlers and horn cores are almost always 

represented by fragments of larger structures (196/206). 

Most teeth, isolated or in maxillae (.14) and dentaries, are 

fragmentary (283/358). It is obvious that in the Palm 

Spring Formation the skeletal elements are best represented 
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by their most compact, densest, structurally strongest, 

and/or most hydraulically stable portions (Behrensmeyer, 

1975; Behrensmeyer and Dechant Boaz, 1980; Voorhies, 1969). 

Complete specimens of larger skeletal elements, such as 

limb bones, skulls, scapulae, and pelves, are uncommon, 

being represented by 107 out of 2436 specimens. According 

to Behrensmeyer (1975) and Behrensmeyer and Dechant Boaz 

(1980) the characteristics of the skeletal elements suggest 

that they are "leftovers" from carnivore and scavanger 

activity that were further modified by weathering and 

trampling before minor fluvial sorting prior to burial. The 

preserved portions of the elements are mainly joints, which 

are the less meaty parts of an individual. These stronger 

parts are less likely to be eaten by carnivores while the 

weaker shafts would be destroyed to obtain meat and marrow. 

Thin and weak areas of scapulae, pelves, and vertebral 

spines and neural arches have high surface area-to-vo1ume 

ratios and are surrounded by large amounts of muscle; these 

areas would be destroyed easily by carnivory. If these 

skeletal elements survived carnivory, these characteristics 

would increase their probability of destruction by 

weathering and trampling. Crania would probably not be 

eaten, but the large number of sutures would impart 

structural weakness which would make them more susceptible 

to breakage by trampling; the resulting fragments would also 

be more susceptible to weathering. Dentaries are probably 
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preserved because they are not surrounded by much muscle. 

The coronoid processes and symphyses of a dentary are likely 

to be destroyed if a carnivore removes the lower jaw to eat 

the tongue. 

The large number of antler and horn core fragments 

suggests that these structures were initially broken by 

transport or trampling and that organic decomposers that 

favored these elements were not well represented in the Palm 

Spring Formation paleoenvironments. Carnivore modification 

of these elements is unlikely since they consist only of 

bone. The fragmentary nature of most of the teeth may be 

due to desiccation (Toots, 1965), but as Behrensmeyer (1978) 

pointed out, individual characteristics of the teeth (such 

as wear, ratio of enamel to dentine, stage of eruption, and 

morphology) may be more important in affecting the 

weathering of teeth. Destruction of teeth by carnivore 

modification is also highly unlikely. 

Direct evidence of carnivory is, however, scarce. 

Tooth marks are the most convincing evidence that a 

carnivore has modified a skeletal element. These can be 

observed on only a few specimens from all three fluvial 

depositional environments. Another suggestion of carnivory 

is the observation that when the shaft of a limb bone or 

metapodial of a large herbivore is preserved it is almost 

always hollow o~ filled with calcite crystals. Absence of 

preservation of the spongiosa suggests that a carnivore 
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broke the bone to remove the marrow and the empty cavity was 

later filled with calcite. One specimen, IVCM 2198, IVCM 

10c. 338, a partial third metatarsal of Equus sp. shows 

direct evidence of marrow-eating by a carnivore. The shaft 

is hollow and the mark of a canine tooth is readily visible 

on the broken end. 

The effect of weathering on the skeletal elements in 

the assemblages has already been discussed. Organic 

decomposition is difficult to study in a fossil assemblage. 

The small number of elements preserved from an "average" 

mammal skeleton attests to the effectiveness of organic 

decomposers (Toots, 1965; Behrensmeyer, 1978; Behrensmeyer 

and Dechant Boaz, 1980; Coe, 1980). Root marks on a number 

of skeletal elements indicates that plant acids which 

destroy bone chemically were available in the Palm Spring 

paleoenvironments. Gnaw marks by rodent incisors can also 

be observed on some skeletal elements. Gnawing by rodents 

to maintain their incisors at a functional length or to 

obtain calcium was suggested by Brain (1980) as an important 

taphonomic process. The fragmentary condition of many 

bones, particularly the larger ones, may be due, in part, to 

trampling as well as to weathering and organic 

decomposition. Equid hoofprints can be observed on a 

partial, third metatarsal of Equus sp. (IVCM 3382, loco 840) 

and on a partial pelvis of Equus sp. (IVCM 1545, loco 435). 
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Post-burial destructive agents may also have acted on 

the skeletal elements. Streams may rework sediments and in 

doing so re-entrain previously buried skeletal elements 

(Behrensmeyer, 1982a). Re-worked skeletal elements should 

show signs of abrasion and re-buria1 according to Voorhies' 

Group. This is not observed in the Palm Spring fluvial 

assemblages, suggesting that re-working was not a major 

factor. Chemical dissolution of skeletal elements by ground 

water is another post-burial biasing agent. The effect of 

chemical dissolution would be to either completely destroy 

the skeletal element or to leave some type of chemical 

diagenetic signature. If complete dissolution occurred it 

would leave no record so that its biasing effect cannot be 

determined. A small number of skeletal elements consists 

only of the calcite-filled spongiosa of long bones, 

suggesting that these skeletal elements were partially 

destroyed by chemical reactions. It appears, however, from 

the physical condition and sedimentologic setting of the 

skeletal elements that post-burial taphonomic processes were 

a very unimportant factor. 

Significance of the Large Mammal TaPhonqmy 

The overall pattern exhibited by the taphonomic history 

of the large mammal assemblages is that the assemblages have 

experienced only a minimal amount of fluvial sorting and 

transport since the death of the organisms contained in the 

assemblages. The occurrence of skeletal elements belonging 
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to all three Voorhies' Groups in each generalized 

paleoenvironmental assemblage, the near absence of abrasion 

on most of the skeletal elements, and the general lack of 

hydraulic equivalence between skeletal elements and 

sediments supports the above statement (Voorhies, 1969; 

Behrensmeyer, 1975; Badgley, 1986a). The change in 

frequency of some skeletal elements from that in an 

"average" large mammal skeleton indicates some slight degree 

of sorting (Voorhies, 1969; Behrensmeyer, 1975). Sorting 

was the product of several factors; e.g., fluvial processes, 

carnivore activity, weathering, trampling, and organic 

decomposition. Fluvial processes appear to be a relatively 

unimportant important sorting factor for the Palm Spring 

assemblages suggesting that the other processes are more 

significant in preserving the observed frequencies of 

skeletal elements (Badgley, 1986a). Shape and surface 

area-to-volume ratios appear to have been more important 

factors in determining preservation of Group I and 1/11 

elements than bone density. 

The presence of skeletal elements in all stages of 

weathering suggests that most of the fossils accumulated as 

attritional assemblages on land surfaces prior to burial. 

Elements in the "channel" assemblage were carried into the 

"channels" by floodwaters that scoured skeletal elements 

from the floodplain and braidbars. The floodplain 

assemblage accumulated in place, more or less, and 
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represents primarily a lag assemblage. The assemblage from 

the "channel-fill" environment appears to have accumulated 

by deposition of skeletal elements from streams and by lag 

accumulation of skeletal elements on the braidbars. 

Skeletal elements in the lacustrine depositional environment 

most probably accumulated on distant land surfaces and were 

carried into the lake by streams and sheetwash where they 

were buried close to shore. 

The study by Badgley (1986a) showed that the channel 

depositional environment preserved a "truer" picture of 

taxonomic diversity than the other depositional environments 

in the Siwalik Group. In the Palm Spring Formation, 

however, it appears that taxonomic diversity is preserved 

nearly equally among the different depositional environments 

(Table 16), suggesting that there is little difference in 

preservation from one depositional environment to another. 

The explanation for this is that most of the specimens 

accumulated in floodplain or "channel-fill" environments as 

surface lags and those that were transported experienced 

only minimal transport from their place of origin. 

The most important inference from the taphonomic 

analysis is that most of the Palm Spring FCVC assemblages 

experienced only minimal fluvial transport and sorting of 

skeletal elements, i.e. they are relatively unbiased in this 

respect. Taxonomic diversity and relative taxonomic 

abundances of large mammals can, therefore, be 
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reasonably estimated from the assemblages (Badgley, 1982a, 

1986a). Thus, the Palm Spring FCVC assemblages can reliably 

be used as a basis for analyses of paleoecology and 

community structure. 
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Table 16. Distribution of Mammalian Genera and Species in 
the Palm Spring and Imperial Formations by Lithology and 
Depositional Environment. Numbers Indicate the Number of 
Times a Taxon Occurs in a Particular Lithology/Environment. 

Taxon Lithology EnYironment 

CS SS ST CL CA LS OT CH FL FP LA TF 

Sorex 2 1 1 
Notiosorex 2 2 3 1 
Scapanus 2 1 3 4 8 
Anzanycteris 12 1 12 1 
Nothrotheriops 1 2 5 1 1 1 5 3 
Mega 7 onyx 2 3 6 9 3 6 11 
G7ossotherium 1 1 2 1 2 1 
Lepus 3 3 
Sy7vi 7agus 2 11 31 11 3 31 24 
Pewe7agus 8 12 1 16 5 
Nekro7agus 2 1 1 
Hypo7agus 11 20 3 22 11 1 
Sigmodon 10 25 7 1 23 11 1 1 
minor 

S. 7 indsayi 1 11 5 9 8 
Neotoma 1 73 49 11 1 3 101 29 2 
Baiomys 1 1 
Onychomys 2 2 
Peromyscus 1 10 1 4 8 
Reithrodontomys 1 7 3 5 
Ca 7 70mys 2 1 1 
Mimomys 8 8 
Geomys sp. 2 23 58 21 1 4 65 33 3 
G. anzensis 2 24 3 20 9 
G. garbani i 5 16 46 11 7 46 24 1 
Thomomys 3 6 1 3 7 
D i podomys sp. 5 6 1 5 5 
D. compactus 3 5 3 5 5 
D. hibbardi 6 2 1 7 2 
D. sp. A 4 8 7 5 
D. sp. a 1 1 
Perognathus 1 17 18 7 1 25 16 1 
Microdipodops 2 2 
Eutamias 2 1 1 
Spermophi 7us 3 2 2 
Coendou 3 5 1 3 4 
Castor 1 1 
Hydrochoerus 1 
Cuvieronius 1 1 
Mammut 1 1 1 1 1 
Mammuthus 1 1 1 2 
Stegomastodon 1 
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Table 16. Contjnued. 

Taxon Lithology Enyjronment 

C5 55 5T CL CA L5 aT CH FL FP LA TF 

Canis 11 15 2 5 15 10 
Urocyon 1 1 
Vu7pes 1 
Borophagus 1 1 1 
Arctodus 3 2 1 1 
Tremarctos 1 1 1 1 
Ursus 1 2 1 1 1 
Procycon 1 2 1 2 
Nasua 1 1 
Tax idea 1 1 1 
Muste7a 1 1 
Gu70 1 1 
Spi 7oga7e 1 1 
Trigonictis 2 1 1 
Fe 7 is SPa 1 2 4 2 2 2 4 1 
F. rexroadensis 1 1 1 1 2 
F. conco70r 1 8 1 1 4 5 
Panthera sp. 1 1 
P. atrox 1 
P. onca 1 1 
Lynx 2 3 3 2 1 4 1 
Smi 7odon 1 6 3 1 5 3 1 
Equus SPa 33 136 291 116 13 5 7 96 285 199 21 
Equus 8 22 23 8 3 1 14 21 26 4 
(007 ichohippus) 
Equus (Asinus) 1 1 
Equus (Equus) 2 7 13 7 2 7 7 17 
Equus 2 1 1 
( Hemionus) 
Oinohippus 2 1 
Hippidion 1 1 2 
Tapirus 3 1 3 1 
Hemiauehenia 3 20 27 16 4 2 2 8 29 33 4 
Came70ps 4 4 45 12 3 1 2 18 38 33 1 
Titanoty70pus 1 8 2 1 1 3 8 
Cervus 1 1 1 1 
Odoeoi 7eus 1 7 29 10 2 4 24 21 
Navahoeeros 6 9 5 2 4 8 10 
Anti 70eapra 2 1 1 
Cap rome ryx 6 7 4 1 1 2 7 10 1 
Tetrameryx 13 2 1 9 7 
Euceratherium 1 3 1 3 2 
Ovis 2 2 
P7atygonus 3 4 8 4 2 4 8 8 
My70hyus 1 1 
IQIAL.S 76 479 915 302 39 14 14 207 934 674 78 3 
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Table 16. Contjnyed. 

CS = Very coarse sandstone, SS = Sandstone, ST = Siltstone, 
CL = Claystone, CA = Caliche, LS = Limestone, OT = "Other", 
lithology not specified in LACM fieldnotes, CH = "Channel", 
FL = "Channel-fill", FP = Floodplain, LA = Lacustrine, TF = 
Tidal flat. 

Based on specimens that can be sourced to lithology and 
depositional environment. 
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The area in which the FCVC vertebrates lived during the 

Blancan and Irvingtonian was bordered to the west and north 

by highlands formed of igneous and metamorphic rocks of the 

Peninsular Ranges. Clasts in conglomerates and the 

composition of "L"-suite sediments provide evidence that 

these mountains were already prominent and actively 

providing sediments to the Salton Trough (Winker, 1987). 

The coarsest sediments derived from the Peninsular 

Ranges formed alluvial fans and bajadas at the bases of the 

mountains. The Canebrake Cong10mer'ate is the stratigraphic 

expression of the proximal sediments formed at the base of 

these mountains. The proximal sediments may have extended 

into the basin for a distance of two to three kilometers. 

The geomorphic gradient was probably fairly steep with an 

abrupt change where the proximal sediments met the 

floodp1a;n ;n the basin. This can be inferred from the 

basinward fining of sediments in the Canebrake Conglomerate 

and the near absence of clasts larger than pebbles in the 

011a, Huesos and Tapiado "members" of the Palm Spring 

Formation. 

My interpretation of my field observations and the data 

of Woodard (1963) and Winker (1987) is that most of the FCVC 
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area was occupied by floodplains. During the early Blancan 

the Colorado River and its delta plain were the dominant 

features of the FCVC landscape. Sediments left by this 

system are now recognized in the Diablo "member" of the Palm 

Spring Formation. Well-defined, shifting, meandering 

channels carried water across an essentially featureless 

floodplain that was probably only a few meters, at most, 

above sea level (Johnson et a1., 1983). Near the margin of 

the FCVC basin the Colorado River interacted with a 

reletively narrow band of floodplain and channel sediments 

deposited from the Peninuslar Ranges by braided steams (011a 

"member"). For reasons currently unknown, at about 3.0 Ma 

the Colorado River changed course and left the FCVC area 

(Winker, 1987). This allowed the progradation of locally

derived sediments across the FCVC area during the late 

Blancan and early Irvingtonian. The floodplain formed by 

these sediments was similar to that of the Colorado River 

delta in that it was near sea level and essentially 

featureless. The major difference was that the 

sedimentation patterns of the "L"-suite facies were 

dominated by braided streams that probably originated in the 

surrounding mountains (Huesos "member" and parts of the 

Tapiado "member"). 

The change in course of the Colorado River probably had 

several effects on the FCVC paleoenvironment. One effect 

may have been a major change in water source for plants and 
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animals. A large, permanent source of water (the Colorado 

River) may have been replaced by what were, possibly, 

seasonal or localized water sources (seasonally flooded 

rivers, water holes). Permanent water sources probably 

remained to support the more diverse and abundant fauna that 

occupied the FCVC area after the Colorado River left the 

area (compare taxonomic diversity of Diablo and 011a 

"members" with that of the Tapiado and Huesos "members", 

Table 4). The presence of the aQuatic turtles C7emmys and 

Pseudemys, the semi-aquatic mammals Castor, Hydrochoerus, 

and Tapirus, and eight species of aQuatic birds (Howard, 

1963) in the Huesos "member" also indicate that permanent 

water sources were available after the Colorado River left 

the FCVC area and the infilling of the Tapiado lake. The 

change in river systems must have had profound effects on 

the local ground water table, probably lowering it 

considerably. The change in river systems and ground water 

table would probably have had major effects on the 

vegetation, soil types, and microclimate. However, there is 

very little evidence for this in the Huesos and Tapiado 

"members". No plant fossils have been found in those 

"members". The only recognized paleosols are ca1iches. It 

would be logical to speculate that, unless precipitation was 

abundant and eQuably distributed, the lowering of the ground 

water table would have resulted in drier soils and the 

establishment of more xeric vegetation. Regardless of the 
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exact prevailing paleoclimatic regime, there was possibly a 

change to plants and soils characteristic of sandier 

sediments because most of the sediments in the Huesos and 

Tapiado "members" are sand (Woodard, 1963; Winker, 1987). 

The change in river systems, water sources, ground water, 

soils, and plants may have then caused changes in the types 

and areas of pa1eohabitats for vertebrates and changes in 

their paleocommunity structure. This will be explored in a 

later section of this chapter. 

For a short period after the Colorado River changed 

course out of the FCVC area, a relatively large, permanent 

body of water continued to exist. The Tapiado "member" 

preserves the sediments deposited in this lake (Chapter 3). 

During the earliest Blancan the highlands and foothills 

surrounded a suite of tidal flats and marshes now recognized 

as the Camel's Head "member" of the Imperial Formation 

(Winker, 1987). Minor local tectonic movements and possibly 

global sea level changes allowed very shallow marine 

transgressions while the Diablo and Huesos "members" were 

being deposited because their floodplains lay close to sea 

level (Chapter 3). At these times, based on marine 

invertebrate fossils, tidal flats and marshes may have 

occupied the area usually dominated by fluvial sedimentation 

(Chapter 3). 
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paleobotany of the Fjsh Creek-Vallecito Creek Area 

Very few plant fossils are known from the Palm Spring 

and uppermost Imperial Formations in the FCVC area. 

Petrified wood has been reported by Remeika et a1. (1988) in 

the Diablo "member" and by Winker (1987) in the Olla and 

Camel's Head "members". Winker (1987) also reported the 

occurrence of carbonized palm fronds in "CD-suite sediments 

of the 011a "member". Remeika (1994) reported on additional 

dicotyledon and monocotyledon petrified wood as well as 

herbaceous monocotyledon leaf impressions from the Diablo 

"member". Palynomorphs and fossil seeds are currently 

unknown from the area, although Dr. R. F. Fleming (1993, 

pers. comm to Dr. E.H. Lindsay) wrote of the presence of 

reworked Cretaceous and Eocene palynomorphs in "CD-suite 

sediments of the Diablo "member". 

The paleobotanical evidence from the Palm Spring and 

uppermost Imperial Formations is completely biased in favor 

of trees and that evidence consists almost entirely of 

petrified wood. Significantly, all the known plant fossils 

were collected from "CD-suite sediments. This may be 

indicative of high sedimentation rates in the lower part of 

the FCVC section, which is composed primarily of "en-suite 

sediments, as reported by Johnson et a1. (1983), more 

favorable conditions for the preservation of woody tissue, 

more abundant trees in the paleoenvironments represented in 

the Diablo and "CD-suite Olla "members" compared to the 
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Tapiado and Huesos "members", or a combination of these 

factors. The red, orange, tan, and buff colors of the Palm 

Spring Formation sU9gest that its sediments were deposited 

under oxidizing conditions that are not favorable to the 

preservation of organic materials. 

Except for the tree fossils from the early Blancan 

Diablo "member", any statements about the vegetation in the 

FCVC area during the Blancan and Irvingtonian can only be 

made as inferences. Winker (1987) did not present 

identifications of the tree species he found preserved as 

petrified wood. Remeika et a1. (1988) found that their 

samples contained representatives of four genera of trees. 

Remeika (1994) presented an updated and expanded list of the 

FCVC pa1eof1ora. The pa1eof1ora, the Carrizo local flora, 

contains the following taxa: Umbe77u7aria sa7icifo7ia 

(Lauraceae, laurel), Popu7us sp. indet., Popu7us sp. cf. P. 

alexanderi (Salicaceae, cottonwood), Sa7ix sp. indet., Sa7ix 

gooddingii (Sa1icaceae, willow), Jug7ans pseudomorpha 

(Juglandaceae, walnut), Fraxinium caudata (Oleaceae, ash), 

Aescu7us sp. (Hippocastanaceae, buckeye), Saba7 sp. cf. S. 

miocenica (Arecaceae, palm), and Juniperus sp. indet. 

(Cupressaceae, juniper). The most abundant species is 

Umbe77u7aria sa7icifo7ia. Distinct seasonal growth rings 

are apparent in the hardwood samples (Reme;ka et a1., 1988; 

Remeika, 1994). 
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According to Remeika et al. (1988) and Remeika (1994), 

these genera are essentially riparian and their association 

with sediments deposited by the Colorado River suggests that 

their Blancan species had the same soil and moisture 

requirements as the extant species. Similar associations of 

these genera occur today in California in coastal areas of 

the state dominated by mesic, temperate climatic conditions 

with predominantly winter rainfall (Axelrod, 1937, 1966; 

Remeika, 1994). With the exception of laurels and junipers, 

this association of trees also occurred on the banks of the 

modern Colorado River delta prior to upstream damming 

(Sykes, 1937; Dr. Owen Davis, pers. comm.). 

During the early Blancan, the evidence indicates a 

primarily riparian association of trees (Remeika et al., 

1989; Remeika, 1994). It can only be speculated about the 

types of plants covering the landscape between the forested 

margins of the Colorado River, those which existed in areas 

away from the delta plain, and those in existence during the 

late Blancan and early Irvingtonian. The mammalian genera 

that existed in the FCVC area during the Blancan and 

Irvingtonian provide some very general insights to this 

problem. 

On the basis of the dentition and dietary preferences 

of living relatives of most of the mammalian genera it is 

suggested that grasses were the dominant plant type in the 

FCVC area during the Blancan and Irvingtonian. The 
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preponderance of large and small mammals classified as 

strict grazers or mixed feeders (equids, anti1ocaprids, 

lagomorphs, mammoth, bovids, camel ids, some rodents such as 

those of "microtine" grade) (Janis, 1990) suggests that 

grasses were very abundant (Table 25). 

Some combination of trees and/or shrubs may have also 

existed on the braidp1ains of the Huesos and "L"-suite Olla 

"members" as indicated by the mixed feeders listed above and 

browsers such as the cervids, mastodonts, gomphotheres, and 

sloths (Kurten and Anderson, 1980; Janis, 1990). The 

presence of quail (Lophortyx) and turkey (Agriocharis, 

Me7eagris) also suggests that some parts of the FCVC area 

were covered by brush (Howard, 1963). Trees and shrubs may 

have existed along stream banks and in areas where the water 

table was relatively close to the surface. 

A lack of plant and animal fossils precludes any 

speculation about the type of vegetation that occurred in 

the foothills and highlands. 

The meager evidence from the Blancan and Irvingtonian 

sediments in the FCVC area suggests that during the early 

Blancan dense woodlands occurred along the banks of the 

Colorado River and along tributary watercourses flowing into 

the Colorado River. Grassland, either open or parkland, is 

speculated to have occurred in the areas between rivers. 

This situation may have resembled the plant communities 

existing today on the west slopes of the Coast Ranges of 
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California (Axelrod, 1937). Less dense woodland, possibly 

comprised of different tree genera, may have existed along 

the streamsides/high water table areas of the braidplain 

along the basin margin. Some type of grassland most 

probably existed on the basin margin braidplain. With the 

change in course of the Colorado River and the concomitant 

effects this had on the FCVC area, the progradation of the 

braidplain probably caused its plant communities to dominate 

the lowland areas of the FCVC area during the late Blancan 

and early Irvi~~tonian. Interestingly, although a major 

water source remained in the area in the form of the Tapiado 

lake, the tree genera associated with the Colorado River 

delta plain do not seem to have survived in the area as a 

lakeshore community. 

paleoclimate of the Fish Creek-vallecito Creek Area 

The paleoclimate of the FCVC area during the Blancan 

and Irvingtonian was the result of the interplay of global 

and regional conditions. Available data from the area which 

bear directly on its paleoclimate are, at present, very 

sparse. Paleoclimates in the FCVC area can, however, be 

inferred from several lines of evidence. 

The limited paleobotanical data of Remeika et a1. 

(1988) and Remeika (1994) does not permit Quantitative 

paleoclimatic interpretation as has been done with leaf 

margin and leaf physiognomy by Wolfe and Hopkins (1967) and 

Wolfe (1978). Paleoclimatic inferences based on Remieka et 
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a1. (1988) and Remeika (1994) are valid only for the 

approximate age limits of the Diablo and 011a "members", 

4.0-3.0 Ma (early Blancan), as these are the stratigraphic 

units in the FCVC area in which petrified wood is found. 

Based on analogy with living species of the genera found in 

the early Blancan Diablo "member" of the Palm Spring 

Formation, Remeika et a1. (1988) and Remeika (1994) inferred 

that the early Blancan paleoclimate in the FCVC area was 

mesic and temperate. Their research showed that living 

representatives of the genera they collected inhabit areas 

of western North America that are cooler and wetter than the 

present-day Anza-Borrego Desert. Growth ring patterns in 

the petrified wood of all the hardwood genera and species 

recovered led them to conclude that most rainfall occurred 

during the winter months, a situation that still prevails 

over southern California. The closer proximity of the Gulf 

of California may have imparted more of an oceanic influence 

in the form of frequent fog and overcast, apparently 

necessary conditions for the survival of the walnut, Jug7ans 

pseudomorpha, according to Axelrod (1937). The oceanic 

influence may have caused an overall humid or subhumid 

paleoclimate even though most precipitation apparently fell 

during the winter. 

The paleoclimatic interpretation of Remeika et a1. 

(1988) and Remeika (1994) must be considered in light of the 

fact that their data consists of tree genera that 
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constitute, at present, riparian plant communities. 

The preferred habitat of these genera may provide a 

misleading interpretation of paleoclimates. The occurrence 

of all the recovered tree genera, except for laurel and 

juniper, on the modern, pre-dammed Colorado River delta 

indicates that these genera can survive in an area 

characterized by year-round warm to hot temperatures and 

little rainfall because of their close proximity to a river. 

The deciduous nature of the genera, with the exception of 

the palm and juniper, rather than seasonal rainfall, may be 

responsible for the growth ring patterns (Dr. Owen Davis, 

pers. comm.). Based on the above discussion, it is possible 

that the paleobotanic data from the FCVC area is of limited 

use in paleoclimatic interpretation and, if used, must be 

used with caution. 

The presence of laurel and juniper in the FCVC area, 

however, suggests cooler than present-day temperatures 

because these trees occur today in cooler, montane areas of 

California (Axelrod, 1937, 1966). 

Paleoclimates during the late Blancan and early 

Irvingtonian in the FCVC area cannot be surmised from 

paleobotanical data as none exists in sediments deposited 

during that time span. 

Geologic data to infer paleoclimates in the FCVC area 

during the Blancan and early Irvingtonian are also sparse. 

The presence of the Tapiado lake, by itself, is insufficent 
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to infer paleoclimates. The occurrence of the Salton Sea 

and lakes and marshes on the pre-dammed modern Colorado 

River delta indicate that standing bodies of water and 

wetlands can occur in hot, dry area if a major river system 

is also present (Sykes, 1937). Once the Tapiado lake 

formed, its continued presence for over 500 Ka suggests that 

therp. was sUfficient year round rainfall over the FCVC area 

or the surrounding mountains to provide a continuous supply 

of water to maintain a fresh water lake during the late 

early Blancan (Chapter 3). Forester (1991) noted the 

occurrence of long-lived lakes in the western United States 

between ~3.5 and 2.5 Ma and used this occurrence to suggest 

that the climate during this time was wetter than the 

present-day climate. Irrespective of the cause for the 

formation of the Tapiado lake, its continued existence fits 

with Forester's (1991) model and its paleoclimatic 

inference. Tapiado lake shows signs of drying up (greater 

number of fluvial sediments and limestones in the Tapiado 

"member") after 2.5 Ma and is non-existent after about 2.0 

Ma. This observation suggests a change to a relatively 

drier paleoclimate. This observation is in agreement with 

data from Searles Lake, California, and pedogenic carbonate 

data from the St. David Formation, San Pedro Valley, Arizona 

that also suggest a general trend toward drier conditions in 

the southwestern United States after 2.5 Ma (Smith et a1., 

1993). 
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Another potential proxy for paleoclimates is paleosol 

type (Bown and Kraus, 1981; Retallack, 1983). Caliche is 

the only recognizable paleosol in the Palm Spring Formation, 

and then only in the Huesos "member" (late Blancan-early 

Irvingtonian) (Chapter 3). The presence of occasional 

caliche horizons during this time suggests that, at least 

some of the time, the local paleoclimate was more arid than 

during the early Blancan. 

One important factor in the paleoclimate of the FCVC 

area is the rainshadow effect produced by the Peninsular 

Ranges to the west. These mountains block cooler, moisture

laden air masses from the Pacific Ocean from reaching the 

FCVC area at the present, creating a local variation in the 

overall climatic regime of southern California and producing 

warmer, more arid local climates on their east side. The 

geologic evidence ("L"-suite sediments) indicates that these 

mountains were in existence during the Blancan and early 

Irvingtonian. Their height at that time cannot be presently 

estimated. The paleoflora studied by Remeika et ala (1988) 

and the temperate paleoclimate they inferred from that 

paleoflora, if correct, led them to suggest that, during the 

early Blancan, the Peninsular Ranges were not high enough to 

exert a rainshadow effect. In concert with a closer 

shoreline and the inference for lack of a rainshadow at this 

time we can surmise these conditions contributed to 

relatively humid or subhumid year-round conditions. During 



271 

the late Blancan and early Irvingtonian it is more likely 

that the Peninsular Ranges were of sufficient height to 

exert a rainshadow effect in the FCVC area. The evidence 

for this inference is weak; it consists of the drying-up of 

the Tapiado lake along with the occasional presence of 

caliche horizons in the Huesos "member". This change from a 

subhumid to subarid climate regime apparently coincides with 

the drainage change of the Colorado River, and all of these 

events might have been triggered by a local tectonic event. 

The upward-fining sequences in the Huesos and upper 

Tapiado "members" and the View of Badlands conglomerate in 

the Huesos may be a type of paleoclimate proxy. Regardless 

of whether they are the products of flash floods or debris 

flows, the episodic character of the upward-fining sequences 

and the View of Badlands conglomerate may indicate times of 

significantly increased precipitation, perhaps from seasonal 

storms. This interpretation would agree with the 

paleobotanic data and climate models that suggest the 

establishment of seasonal precipitation patterns in southern 

California beginning in the early Blancan. The absence of 

any change in dip or strike of the upward-fining sequences 

and the View of Badlands conglomerate infers that these beds 

are the products of climatic rather than tectonic factors. 

Additional paleoclimatic inferences are suggested by 

the Blancan-early Ivingtonian vertebrate fauna from the FCVC 

area. The occurrence of a diverse and abundant fauna of 
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terrestrial vertebrates in the FCVC area during the Blancan 

and Irvingtonian suggests that the paleoclimate was more 

temperate than at present. The present climate in the FCVC 

area consists of extremely hot summers and warm winters with 

very little rainfall. The present climate does not provide 

the temperature and rainfall conditions needed for the 

vegetation required to support a large, diverse biomass of 

animals, particularly large mammals. Nor does the 

present climate provide an adequate water supply for large 

numbers of animals. 

Several taxa of vertebrates in the FCVC section can be 

used as paleoclimate proxies. The giant land tortoise, 

Geoche7one, occurs in the section from CU 35.2 into the 

Hollywood and Vine sediments. The presence of Geoche7one 

indicates that temperatures in the area did not fall below 

O·C and probably did not fall far below the 15·C winter 

isotherm during the Blancan and early Irvingtonian (Estes 

and Hutchinson, 1980). The aquatic turtles C7emmys and 

Pseudemys are known from the early Blancan to the early 

Irvingtonian, and Kinosternon from the late Blancan. Their 

presence only indicates permanent bodies of water in the 

FCVC area (Mr. Kevin B. Moodie, pers. comm.), and does not 

provide insight into the conditions, paleoclimatic or 

otherwise, responsible for those bodies of water. 

Norell (1989) reported that the disappearance of the 

iguanine genera Pumi7ia novaceki and Dipsosaurus dorsa7is 
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and their replacement by gerrhonotines and skinks near 3.16 

Ma suggests that a climatic change occurred at that 

time (early Blancan). The former genera of lizards are 

indicative of xeric climates and the latter types are 

characteristic of more mesic conditions. Norell's (i989) 

xeric paleoclimatic interpretation for the 4.0-3.16 Ma 

period appears to contradict that of Remeika et a1. (1988) 

and Remeika (1994) which sugggests a cool and wet, 

oceanically-moderated, local p'a1eoc1imate during that time 

span. However, Norell's (1989) conclusion must be tempered 

by the realization, as he noted, that there is a probable 

collecting bias against lizard fossils in the FCVC section. 

The current stratigraphic ranges of the lizards (and the 

inferences from those ranges) reflect the collecting bias 

(e.g., screen washing site distribution) rather than real 

chronologic ranges of the lizards. 

"Microtine" grade rodents occur in the FCVC section in 

floodplain sediments of the Huesos "member". Their lowest 

documented stratigraphic occurrence is in CU 52.2 (~1.9 Ma) 

(Mictomys anzaensis) which is latest Blancan. They remain 

as rare members of the rodent component from that level to 

the top of the section. Living "microtine" grade rodents 

are usually restricted to riparian habitats in mesic 

climates (Walker et a1., 1968; Hall, 1981). Their prese~ce 

in the section may suggest that the latest Blancan and early 

Irvingtonian in the FCVC area was cooler and more humid than 



at present or during pre-Blancan times (Zakrzewski, 1972). 

This would seem to contradict the sedimentologic and 

paleopedologic evidence presented above that suggests 

relatively drier conditions beginning in the late Blancan. 
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The use of other rodents as paleoclimate proxies must 

be treated with caution because the fossil record reflects 

the feeding habits of the predator as much as the 

environmental requirements of the prey. Therefore, the use 

of rodent genera as paleoclimate proxies must be done 

critically. Some rodent genera do appear to be climatically 

restricted, at present. Dipodomys (kangaroo rat) and 

Perognathus (pocket mouse) currently are restricted to arid 

and semiarid areas of western North America (Walker et al., 

1968; Hall, 1981). Their occurrence throughout the FCVC 

section suggests that the area could be classified as a 

semiarid region during the Blancan and Irvingtonian. 

The presence of abundant Dipodomys and Perognathus in 

the same floodplain sediments as the very rare, more mesic 

Nmicrotines N suggests that the Nmicrotine N grade rodents 

lived in different paleohabitats, such as foothills or 

mountains surrounding the FCVC area, that were cooler and/or 

wetter than the lowlands. The occurrence of "microtines" 

with rodents preferring, at present, more arid climates may 

be due, of course, to predatory mammals and birds having 

introduced the "microtine" remains in the lowland area via 

feces and regurgitated pellets. However, presence of 



"microtines" does suggest a cooler and/or wetter 

paleoclimate, compared to the Recent, in the FCVC area 

during the late Blancan and early Irvingtonian. 
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The absence in Irvingtonian sediments of the semi

aquatic mammal genera Castor, Tapirus, and Hydrochoerus that 

were present in Blancan sediments suggests that there were 

few permanent bodies of standing water during the 

Irvingtonian. The inference is that the Irvingtonian 

paleoclimate was more arid than during the Blancan in the 

FCVC area. 

Fossils of the cotton rat, Sigmodon, occur throughout 

the FCVC section. The presence of Sigmodon suggests that 

the Blancan to early Irvingtonian paleotemperatures were 

consistently warm year-round (Walker et a1., 1968; Hall, 

1981; Martin, 1986). 

The paleoclimatic interpretation for the FCVC area 

based on evidence from within the area can be summarized as 

follows. Based on the paleobotanic data of Remeika et a1. 

(1988) and Remeika (1994), the early Blancan is inferred to 

have had a temperate paleoclimate due to the lack of a 

rainshadow effect caused by the Peninsular Ranges and 

proximity to the Gulf of California. The wet winter - dry 

summer precipitation pattern of southern California was 

apparently established by this time, but proximity to the 

ocean may have lessened the effects of the summer dry 

season. This interpretation is contradicted by the presence 
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of the lizards Pumi7ia novaceki and Dipsosaurus dorsa7is 

that suggests a xeric paleoclimate (Norell, 1989). Another 

contradictory paleoclimate proxy during the early Blancan is 

the presence of the rodent genera Dipodomys and Perognathus. 

These genera are suggestive of very warm and dry climates 

(Walker et al., 1968; Hall, 1981). The presence of the 

giant land tortoise Geoche7one suggests that 

paleotemperatures were warm year-round with very few days of 

freezing winter temperatures (Estes and Hutchinson, 1980). 

The presence of Sigmodon also suggests warm 

paleotemperatures (Martin, 1986). 

The late early and late Blancan paleoclimate is 

inferred to have been warm and wet. Warm paleotemperatures 

are suggested by the presence of Geoche7one and Sigmodon. A 

wet paleoclimate is suggested by the presence of a permanent 

body of water, Tapiado lake (Chapter 3), the semi-aquatic 

mammal genera Tapirus, Castor, and Hydrochoerus (Walker et 

a1, 1968; Hall, 1981), and the gerrhonotines and skinks 

(Norell, 1989). The presence of Dipodomys and Perognathus 

which suggest very warm and dry conditions in both the early 

and late Blancan contradict the other paleoclimate proxies 

for the late Blancan. 

The paleoclimate during the latest Blancan and early 

Irvingtonian is inferred to have changed to drier, but not 

arid, conditions. This is suggested by the drying-up of 

Tapiado lake and the occasional occurrence of caliche 
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horizons in the uppermost Tapiado and Huesos "members" 

(Chapter 3; Forester, 1991; Smith et a1., 1993). The 

inferred change to drier conditions is a relative one and 

may be, in part, due to a rainshadow by the Peninsular 

Ranges. The continued presence of Geoche7one and Sigmodon 

suggest that paleotemperatures during the latest Blancan and 

early Irvingtonian remained warm, with very rare winter 

freezes. The presence of "microtine"-grade rodents, 

indicative of cool and wet climates (Walker et al., 1968; 

Hall, 1981), apparently contradicts the interpretation of a 

warm, dry paleoclimate during this time. The presence of 

Dipodomys and Perognathus is more in accord with the 

interpretation from other evidence that the paleoclimate 

during this time was warm and dry. 

It must be strongly emphasized that the paleoclimatic 

interpretation for the Blancan and early Irvingtonian of the 

FCVC area is very general and Qualitative, based on limited 

evidence. The change to dry conditions in the latest 

Blancan is a relative one and does not imply the 

establishment of desert conditions. It must also be 

emphasized that the paleoclimatic interpretation is limited 

to the FCVC area. The change in proximity to the Gulf of 

California and the postulated height of the Peninsular 

Ranges implies that local factors had a strong influence on 

the paleoclimate and moderated global paleoclimate effects. 
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paleoecologic Methodology 

Methods to reconstruct paleocommunities of terrestrial 

vertebrates have not been ex~ensively developed. Shotwell 

(1955, 1958) made one of the first attempts to 

quantitatively reconstruct mammalian paleocommunities. 

Shotwell's reconstructions were designed to determine which 

taxa in an assemblage were members of a community proximal 

to the site of deposition and which were from communities 

distal to that site. Shotwell's (1955) quantitative 

methodology was developed to determine the number of 

individuals, relative abundance of taxa, number of 

specimens, and specimens per individual in an assemblage; 

his original methodology was modified three years later 

(Shotwell, 1958). Since then, critical discussion has been 

directed toward Shotwell's methodology (Voorhies, 1969; 

Dodson, 1973; Wolff, 1973; Grayson, 1978). Most of the 

criticism has arisen because Shotwell's approach accounted 

too little for the effects of taphonomic biasing of an 

assemblage (Grayson, 1978). In defense of Shotwell, it is 

essential to point out that he was the first to quantify and 

compare specimen numbers. His results, in light of 

subsequent studies, were meaningless, but, most importantly, 

his studies forced other researchers to consider 

preservation bias in their paleoecological interpretations. 

Taphonomic processes (biological, chemical, and 

physical destruction) are, by and large, the single"most 
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important reason for the scarcity of fossils in the 

terrestrial geologic record (Hanson, 1980). Because of 

these processes, determining actual population numbers in a 

paleocommnuity ;s impossible (Grayson, 1978; Voorhies, 1969; 

Badgley, 1986a,b), although crude estimates may be obtained 

with certain statistical treatments (Badgley, 1982a). Thus, 

most paleoecological studies rely on estimates of relative 

taxonomic abundance (Badgley, 1986b), as does this study. 

Estimates of relative taxonomic abundance depend on either 

some measure of the number of individuals in the assemblage 

or the number of specimens per taxon. In this study, 

relative taxonomic abundance is estimated by the methods 

proposed by Badgley (1986a,b). 

Badgley (198Ga,b) recognized that different taphonomic 

processes require different quantification methods to 

determine relative taxonomic abundance. For assemblages 

accumulated in fluvial environments the number of 

individuals may be accurately correlated with the number of 

specimens. In these types of assemblages the once 

articulated skeletal elements have been disarticulated and 

dispersed so that the probability of association for any two 

elements of the same taxon belonging to the same individual 

;s low (Wolff, 1973; Hill, 1979; Behensmeyer, 1975, 1978, 

1982a, 1988a; Badgley, 1986a). By contrast, assemblages 

that resulted from predator and scavenger activities usually 

contain a high proportion of multiple skeletal elements that 
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originally accumulated as articulated units. For these 

assemblages determining the minimum number of individuals 

provides a better estimation of relative taxonomic 

abundance. In this study these two procedures were followed 

in order to determine the numbers of individuals in 

vertebrate assemblages in the FCVC section. 

The effects of sample size on raw data and Quantitative 

treatment of that data for paleoecological research must be 

considered. In considering the effects of sample size on 

the relative abundances of taxa Wolff (1973) suggested that 

large collections (800+) of specimens are necessary to 

provide accurate estimates of diversity and relative 

abundances of taxa. 

No individual assemblage from the Fish Creek-Vallecito 

Creek area contains as many specimens as either of Wolff's 

(1973) most productive localities (521 and 574 specimens, 

respectively). Specimen counts per vertebrate locality in 

the Palm Spring Formation range from one to 476. However, 

there are five factors that make it possible to make 

paleoecologic interpretations from these assemblages. 

First, the Quantitative method chosen (Valverde, 1964, 1967; 

Legendre, 1986, 1988) can be applied to suites of 

assemblages from any stratigraphic range as well as single 

assemblages so that large samples can be generated. Second, 

stratigraphic placement of most localities allows one to 

consider all specimens from anyone collecting unit (chapter 
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6) as an assemblage, even though there may be many 

individual localities from that particular collecting level. 

Third, collecting methods for the assemblages were extremely 

thorough, often involving surface collecting, Quarrying, and 

screenwashing at the same site. All material identifiable 

to taxon or element was collected. Fourth, taphonomic 

factors have been considered to evaluate potential bias. 

Fifth, the large number of localities from the area has 

ensured that all depositional environments were adequately 

sampled and that there is sufficient vertical and lateral 

control on the distribution of localities. 

These five factors permit the grouping of many 

individual fossil localities together into larger 

assemblages in an organized way. As a result, the 

vertebrate fossils from the Palm Spring Formation are more 

than adequate to provide robust data for paleoecological 

analysis. 

Two methods were used in the paleoecological analysis 

of the Fish Creek-Vallecito Creek assemblages. The first 

method is to use actualistic data in a critical way. The 

second is the cenogram method (Valverde, 1964, 1967; 

Legendre, 1986, 1988). The actualistic approach and its 

results will be discussed first. 



Actualjstic Analysis of the Fish Creek-Vallecito Creek 

Vertebrate Fayna 
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The first approach to a study of the paleoecology of 

the Palm Spring Formation fossils is an appeal to 

actualistic data in a critical way. Since the majority of 

mammalian and non-mammalian genera from the Palm Spring 

Formation are extant, reference to the habitats and niches 

of those extant genera is justified (Table 17). Many of the 

extinct genera have close living relatives from whom diet, 

habitat, and e~ologic relationships (life strategy) can be 

reasonably inferrred. Life strategies of extinct genera can 

also be inferred by reference to their dentition, method of 

locomotion, and body size (Eisenberg, 1981, 1990; Maiorana, 

1990; McNab, 1990). Also, most of the extinct genera 

survived into the latest Pleistocene from which there is 

abundant evidence of their diets and ecological preferences. 

There are valid objections to an uncritical reliance on 

actualistic approaches to the interpretation of 

paleontologic data (Kauffman, 1987; Behrensmeyer, 1988b). 

However, selection of appropriate actualistic criteria can 

enhance the information content of a paleoecological 

analysis. For example, the cenogram method uses a measure 

of body size as its actualistic criterion. Consideration 

has also been paid to the taphonomic aspects of the 

assemblages, their collecting history, and their 

stratigraphic and sedimentologic contexts. 



In light of the argument just made, the use of 

actualistic criteria to study the ecology and community 

structure of the Palm Spring Formation vertebrate 

assemblages is logical and reasonable. 

paleohabitats and paleocommunities in the Fish Creek

vallecito Creek Area during the Blancan and Iryjngtonjan 

Paleobabjtats 
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A combination of lithologic, faunal, and ecologic data 

and logical inference allows the recognition of seven major 

pa1eohabitats in the FCVC area during the Blancan and 

Irvingtonian. Within each major paleohabitat it is also 

possible to recognize and/or infer minor pa1eohabitats. 

The stream channel pa1eohabitat is readily recognized 

from the sediments and sedimentary structures in the channel 

deposits of the Palm Spring Formation (Woodard, 1963; 

Winker, 1987; chapter 3). This pa1eohabitat consisted of 

water, the channel bottom, and the sides of the banks 

covered with water. Channel bottoms were sandy to gravelly 

with admixtures of silt. Banks were predominantly sandy 

(Huesos, Tapiado, and 011a "members") or muddy (Diablo and 

011a "members"). Vertebrate fossils indicate that the 

stream channels were inhabited by fish, amphibians, and 

turtles (Clemmys sp., C. marmorata, Kinosternon sp., 

Pseudemys scripta). Fossils of the semi-aquatic mammals, 

Castor sp., Tapirus sp., T. meriiami, and Hydrochoerus sp. 

also occur in the Palm Spring Formation. Reference to 
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extant species of these genera suggest that they spent part 

of their lives in stream channels for protection and 

foraging, especially Castor sp. (Walker et a1., 1968; Kurten 

and Anderson, 1980; Hall, 1981). Fossils of fresh water 

invertebrates are not presently known from the stream 

channel deposits of the Palm Spring Formation. Their 

presence as feeders upon aquatic vegetation and as food for 

vertebrates and other invertebrates can only be inferred 

from their presence in modern stream systems. No fossils of 

aquatic plants are known from the Palm Spring Formation. 

Their presence can only be inferred. Aquatic plants of some 

type were almost certainly present in the stream channels in 

order to form the basal food source for the aquatic 

vertebrates and invertebrates. 

A lacustrine pa1eohabitat is indicated by the sediments 

of the Tapiado "member" (claystones, limestones) (Woodard, 

1963; Winker, 1987; Chapter 3). As discussed in Chapter 3, 

the Tapiado lake was probably a freshwater lake fed by 

streams, ground water, and precipitation. Its outlet may 

have been to the Colorado River. A more detailed 

paleolimnologic analysis of the Tapiado sediments is needed 

to provide details of water depths, water chemistry, and 

subsidiary paleohabitats. One minor paleohabitat that can 

be recognized is the shoreline zone (chapter 3). The 

Tapiado lake fluctuated in size during its later existence 

as shown by the alternation of fluvial and lacustrine 
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sediments (chapter 3). 

Tapiado lake, as evidenced by fossils, was inhabited by 

ostracodes, gastropods, fish, amphibians (Bufo sp.), turtles 

(C7emmys marmorata, Pseudemys scripta, Kinosternon sp.), 

aquatic and shoreline birds (Anas c7ypeata, Bucepha7a 

fossi7is, Oxyura bessomi, Fulica americana?, F. hesterna, 

Ra77us sp., Podiceps caspicus), and semi-aquatic mammals 

(Hydrochoerus sp., Tapirus merriami). Clemmys marmorata and 

Pseudemys scripta are the most common lacustrine vertebrates 

identified from the FCVC section. The habitat preferences of 

these species and genera is known because they are either 

extant or have close living relatives (Howard, 1963; Walker 

et a1., 1968; Kurt~n and Anderson, 1980; Mr. Kevin B. 

Moodie, pers. comm.). Other fossil vertebrates in the 

Tapiado "member" occur either in the fluvial sediments or 

were washed in by streams (Chapter 6). Other aquatic 

invertebrates, especially the soft-bodied taxa, are 

completely unknown from the lacustrine sediments. Their 

presence can only be inferred by reference to existing 

lacustrine habitats. The same can be said for the plants 

that lived in the lacustrine paleohabitat. Their presence 

can also be inferred from the food and nesting requirements 

of some of the aquatic birds and the food requirements of 

Hydrochoerus sp. and Tapirus merriami. The lacustrine 

paleohabitat probably provided an important water source for 

terrestrial vertebrates. The limestones indicate that near 
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the end of its existence the Tapiado lake was becoming more 

alkaline. 

The evidence for the stream margin pa1eohabitat is best 

seen in the Diablo "member" and the "CD-suite sediments of 

the 011a "member". These deposits of the Colorado River 

include levees, point bars, and swales (Winker,1987). The 

fossil evidence for a stream margin pa1eohabitat is the 

occurrence of petrified wood representing tree species that 

formed a gallery forest along the banks of the Colorado 

River (Remieka et a1., 1988). The braided stream deposits 

of the Huesos, Tapiado, and "L"-suite 011a "members" do not 

contain recognizable stream margin deposits. In these 

"members" sediments of channels and braid bars transition 

into floodplain deposits without noticeable difference other 

than changes in grain size (chapter 3). Plant fossils are 

totally lacking in the braided stream deposits so that the 

presence of a gallery forest can only be inferred. Its 

presence seems reasonable as gallery forests are common 

along nearly all stream banks due to the occurrence of a 

reliable water supply. It is probable that nearly all the 

species in the FCVC area utilized the stream margins and 

gallery forests at least part of the time. The stream 

margin and its gallery forest provided food and shelter as 

well as access to water. Some species, however, may have 

depended on the stream margin and its gallery forest to a 

greater extent than others. Based on living relatives, 
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these species would probably have included Castor sp., 

Hydrochoerus sp., Tapirus merriami, Odocoi7eus sp., Coendou 

stirtoni, C. bathygnathum, £utamias sp., and Procyon sp. 

(Walker et al., 1968; Hall, 1981). The stream margin 

paleohabitat was almost certainly inhabited by and 

frequented by a variety of birds, reptiles, amphibians, and 

invertebrates. Fossil evidence in the FCVC stream margin 

sediments for the first three groups is very sparse and 

totally lacking for the invertebrates. Their presence can 

only be inferred. 

The most extensive deposits in the FCVC area are those 

representing the floodplain paleohabitat (Woodard, 1963; 

Winker, 1987; chapter 3). Nearly all the vertebrate fossils 

in the FCVC section are from floodplain deposits (chapter 

6, Table 16). The great diversity of vertebrate species 

(Table 1) indicates that the floodplain was the most 

extensively developed paleohabitat and was the preferred 

paleohabitat of most vertebrate species. The lack of 

paleovalleys in the FCVC section indicates that the 

floodplain was a relatively flat area. 

The floodplain was traversed by the Colorado River 

between about 4.0 to 3.0 Ma. Floodplain sediments during 

this phase were predominantly silts and clays, except for 

those deposited near the foothills which were mainly sandy. 

This difference in putative paleosols is significant in that 

fossils of Geomys anzensis and G. garbanii are found only in 
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the sandy sediments indicating that these extinct species 

preferred the sandy soil microhabitat of the floodplain 

paleohabitat, just as extant Geomys spp. does (Kennerly, 

1958, 1959). The same is also true of Dipodomys (Hall, 

1981). This is also one example of the mosaic pattern of a 

habitat that consists of several microhabitats. After 3.0 

Ma the floodplain paleohabitat was supported by sandy soils 

formed on an extensively developed braidplain. The bedload

dominated streams that traversed the braidplain were 

probably small and shallow compared to the Colorado River. 

At times these bedload-dominated streams may have been dry 

and the vegetation supported by ground water. 

The proximity of the floodplain in the FCVC area to the 

foothills and highlands was probably responsible for the 

permanent water sources, either on the surface or 

underground. This would have been critical in maintaining 

sufficient vegetation to support the animal component of the 

paleocommunities during the summer dry season. Permanent 

surface water sources must have been available because most 

of the large mammals in the FCVC paleocommunities were 

dependent on a permanent water supply. The equids, in 

particular, require permanent water sources (Walker et al., 

1968; Hall, 1981). 

No palynomorphs or plant fossils are known from the 

floodplain paleohabitat during either the Colorado River or 

bedload-dominated stream phases. The cenogram analyses 
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(Figures 19-28) consistently indicate that the FCVC area 

supported a vegetation structure analogous to a savannah or 

wooded savannah (Legendre, 1986). The exact species 

included in this broad vegetation structure are not known. 

Based on the analogy, it can be reasonably inferred that the 

vegetation consisted of various grass and shrub species 

among which grew a considerable number of trees. The tree 

density in the FCVC area was probably greater than that of 

the typical open savannah of East Africa, resembling, 

instead, the parklands of the moister areas of the African 

grasslands (Owen, 1976; Leuthold, 1977). 

The inference that the floodplain paleohabitat 

contained extensive grassy and shruby areas is supported by 

analogy to the habitat preferences of the extant mammalian 

genera and species in the FCVC section (Table 17). The 

references used to construct Table 17 (Walker et al., 1968; 

Kurten and Anderson, 1980; Hall, 1981) indicate that 

mammalian habitat preferences are more accurately determined 

at the species level than that of the genus, especially for 

small mammals. Because most of the mammalian fossils have 

been identified to the genus level rather than the species 

level, use of the mammalian fossils to determine 

paleohabitat can only be done as a broad generalization, 

particularly if the genus is extinct (e.g. Came7ops, 

Hypo7agus, Mega7onyx). Habitat preferences for the extinct 

genera, except the Lagomorpha, are based on Kurten and 



290 

Anderson (1980). Habitat preferences of the extinct 

lagomorphs are taken from White (1984) and White and Keller 

(1984). It is significant that at the genus level, many of 

the mammals have rather wide habitat preferences. This 

suggests that the inferred, relatively dense growth of trees 

was not important in the habitat preferences of mammalian 

species generally considered to prefer grasslands such as 

Equus. The presence of grasslands and shrub on the 

floodplain pa1eohabitat is also suggested by the presence of 

quail (Lophortyx sp.) and turkey (Agriocharis anza, 

Me7eagris sp.) (Howard, 1963). 

Table 17 also shows that several of the mammalian 

genera tend to prefer more wooded areas (e.g. Odocoi7eus, 

Ursus, Castor, Procyon), but none are obligate forest 

inhabitants. The wooded savannah or parkland with gallery 

forests along the stream banks must have provided a large 

mosaic of microhabitats that allowed the great diversity of 

mammals to inhabit the FCVC area. The probable mosaic 

character of the floodplain pa1eohabitat suggests that some 

of the small animals had a patchy distribution in the FCVC 

area, being confined to those microhabitats that they 

preferred ( e.g. Baiomys, Dipodomys, Sigmodon, Geomys). The 

greater mobility and wider habitat preferences of the large 

mammals and some of the small mammals such as Lepus and 

Sy7vi7agus suggests that they viewed the FCVC area as one 

habitat rather than as a composite of several microhabitats. 
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This would explain, for example, the presence of numerous 

specimens of the mountain deer, Navahoceros, in floodplain 

sediments. 

The references used to construct Table 17 also indicate 

that a number of the mammalian genera are, today, restricted 

to arid and semi-arid habitats (e.g. Notiosorex, Onychomys, 

Dipodomys, Perognathus). However, the paleobotanic data and 

the paleoclimatic analysis suggest that the FCVC area was 

considerably wetter than at present and could not be 

considered as arid or semi-arid during the Blancan and early 

Irvingtonian even though it appears that the latest Blancan 

and early Irvingtonian were relatively drier than the early 

and early late Blancan. In the FCVC area it is possible 

that stream flow feeding the ground water table was more 

important than precipitation in maintaining the vegetation 

supporting the animal species, especially during the latest 

Blancan and early Irvingtonian when oceanic influence was 

minimal and rainshadow effects increasing. A wetter climate 

than at present is suggested by the large diversity of 

vertebrates in the FCVC section. This diversity required a 

large plant biomass to support it, a biomass that could only 

be produced under wetter conditions than exist in the area 

today. This suggests that the Blancan and early 

Irvingtonian species of these extant arid/semi-arid genera 

may have had different climatic tolerances or that the 

extant genera have potentially greater climatic tolerances 



than are presently demonstrated. 

Amphibian species are not known from the floodplain 

sediments of the FCVC area. Reptile species are diverse, 

and are useful as paleoclimatic indicators (Norell, 1989). 

Invertebrates are unknown as fossils from the floodplain 

sediments, but their presence in this paleohabitat is 

reasonably inferred. 
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The most significant paleoecologic conclusion is that 

the FCVC floodplain was more extensively vegetated during 

the Blancan and early Irvingtonian than previously believed 

(Becker and White, 1981). Tree cover probably ameliorated 

temperature and humidity promoting more luxuriant grass 

growth. This would have allowed the maintenance of a more 

diverse animal component of the paleocommunities and 

permitted some species, particularly the equids, to maintain 

large populations. 

The margins of the FCVC area were bordered by a series 

of foothills that probably formed another paleohabitat. 

Sediments deposited in the foothills are recognized as the 

Canebrake Conglomerate. The foothills were formed by the 

coalescence of alluvial fans prograding from the highlands 

into the Salton Trough (Woodard, 1963; Winker, 1987). On 

the basis of outcrops of the Canebrake Conglomerate and 

their relation to the Peninsular Ranges, the foothills 

paleohabitat probably formed a relatively steep and rocky 

narrow band. No fossils are known from the Canebrake 
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Conglomerate so that the biota of the foothills pa1eohabitat 

is purely speculative. The rocky soils probably impeded the 

growth of most plant species. Plant growth was most likely 

confined to sandy and silty areas and showed a clumped 

distribution pattern. Grasses and shrubs were probably 

dominant with trees sporadically interspersed in very 

favorable sites. The foothills paleohabitat was probably 

utilized by most large mammalian species either on a daily 

or seasonal basis, such as occurs today with Odocoi7eus 

hemionus (mule deer) in Coronado National Forest near 

Tucson. The foothills were probably the preferred habitat 

of the mountain deer, Navahoceros. The foothills may also 

have presented a hospitable pa1eohabitat to most small 

animals. This pa1eohabitat was probably preferred by 

Spermophi7us (rock sQuirrel) and Bassariscus (ringtai1) 

(Hall, 1981). The preference or these two genera for this 

pa1eohabitat probably accounts for their low relative 

abundances in the entire FCVC vertebrate assemblage. The 

foothills pa1eohabitat may have served as a refuge for many 

vertebrate species in the FCVC area during those times when 

the area was transgressed by waters from the Gulf of 

California. 

The Peninsular Ranges formed a highlands pa1eohabitat. 

Sediment provenance indicates that these ranges were in 

existence during the Blancan and early Irvingtonian (Winker, 

1987). It is not known how high or steep these mountains 
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were during that time so that their suitability as a 

~a1eohabitat for the FCVC vertebrates is difficult to 

assess. The area of outcrop of the Canebrake Conglomerate 

suggests that the foothills paleohabitat was relatively 

narrow so that the highlands would have been in close 

proximity to the lowland areas of the FCVC area. If there 

was a significant temperature difference between the 

highlands and the floodplains then it is most probable that 

cold-intolerant species, especially those of small animals, 

did not inhabit the highlands. Temperature and moisture 

differences most certainly caused a different flora with its 

own structure to occur in the highlands. This probably 

excluded many of the grassland species of mammals from 

inhabiting the highlands (Table 17). The different species 

of vole and bog lemming (Mimomys, Lasiopodomys, Microtus 

ca7irornicus, Mictomys) found in the FCVC assemblage were 

probably confined to this paleohabitat (Walker et a1., 1968; 

Zakrzewski, 1972; Kurt~n and Anderson, 1980; Hall, 1981). 

The very low relative abundances of these mammals in the 

entire FCVC vertebrate assemblage suggests this. The 

presence of voles and bog lemmings in the assemblage may be 

due to raptorial birds (Asio sp., Aqui7a chrysaetos?, 

Neophrontops va77ecitoensis (Howard, 1963)) having caught 

them in the highlands and regurgitating their remains in the 

floodplain. 
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Chapter three of this report presented evidence and 

arguments that during the Blancan and Irvingtonian the FCVC 

area was occasionally transgressed by the Gulf of 

California. These transgressions caused the development of 

what were probably very shallow, brackish tidal flats and 

marshes. This situation was not unlike that which existed 

in the area during the latest period of deposition of the 

Imperial Formation (Bell-Countryman, 1984; Quinn and Cronin, 

1984; Winker, 1987). Differentiation of these deposits from 

those of the floodplain is difficult. These shallow marine 

sediments are only recognizable by the presence of marine 

invertebrates in them. Other than the aQuatic and shoreline 

birds in the FCVC assemblage, none of the other terrestrial 

vertebrate species from the FCVC assemblage are known to 

inhabit tidal flats (Walker et a1., 1968; Kurt~n and 

Anderson, 1980; Hall, 1981). The establishment of the tidal 

flat paleohabitat in the FCVC area probably caused the 

emigration of many terrestrial species or confined them to 

the foothills paleohabitat. The few terrestrial vertebrate 

fossils from the tidal flat paleohabitat probably represent 

individuals whose remains were washed into the tidal flat or 

were drowned while traversing the tidal flat. Salt-tolerant 

grasses were probably the dominant plant species in this 

paleohabitat. The tidal flat paleohabitat may have been 

depauperate in terrestrial mammals and reptiles, but, by 

analogy with modern tidal flats, was probably favored by 



many birds, invertebrates, and, during high tides, some 

species of fish. 
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With the exception of the lacustrine and tidal flat 

paleohabitats, these pa1eohabitats persisted in the FCVC 

area from approximately 4.0 to 0.9 or 0.7 Ma. The 

persistence of the pa1eohabitats is recognized on the basis 

of the depositional environments and the vegetation 

structure suggested by the cenogram analysis. The 

lacustrine and tidal flat paleohabitats were geologically 

short-interval phenomena relative to the floodplain 

pa1eohabitat, although the tidal flat paleohabitat occurred 

several times during this period. The pa1eohabitats 

associated with the fluvial systems were maintained even 

though the characteristics of the fluvial systems changed 

from the delta plain of a meandering river to the braidplain 

of a bedload-dominated river. Correlation of the Canebrake 

Conglomerate with all "members" of the Palm Spring Formation 

indicates that the foothills paleohabitat was continuously 

present. The presence of foothills formed by coalescing 

alluvial fans suggests that the highlands paleohabitat was 

also continuously present during this time. 

The change from the Colorado River delta to an 

extensive braidplain formed by local river systems was the 

major physical environmental change that occurred in the 

FCVC area. The sedimentologic evidence suggests that, other 

than a change in sediment sources, and dynamics and size of 
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the fluvial system, there was no change in the fluvially 

influenced paleohabitats (channel, margin, floodplain). 

Based on the magnetostratigraphy, it seems likely that there 

was little or no hiatus in the FCVC sediments surrounding 

the change in fluvial systems, but there was a distinct and 

relatively sharp boundary marking the change. 

The most distinctive aspect of the change in fluvial 

systems in the FCVC area is the increase in vertebrate 

diversity across the change (Table 4). In the sediments 

associated with the Colorado River delta plain (Diablo and 

Olla "members"), 48 genera and species are known, of which 

29 are mammalian. In the sediments deposited after the 

course of the Colorado River changed (Tapiado and Huesos 

"members"), 145 genera and species are known, of which 101 

are mammalian. Of the 29 mammalian genera and species from 

the Diablo and Olla "memoers" , only four are not found in 

younger sediments (Anzanycteris anzensis, Nekr07agus sp., 

Eutamias sp., Hemiauchenia sp. cf. H. macrocepha7a). This 

suggests significant taxonomic continuity across the change 

from the delta plain to a braidplain. 

The great increase in diversity across the change, 

especially that of the mammals, may be due to three factors. 

One, diversity in the Diablo and Olla "members" may have 

been greater than observed, but bias on the part of 

collectors and/or in the taphonomic processes dominant in 

the delta plain vs. the braidplain, as discussed in chapter 
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6, may be partly responsible for the relatively depauperate 

fauna in the Diablo and Olla "members". These same factors 

may be responsible for the greater diversity in the Tapiado 

and Huesos "members". Two. even though the same fluvially 

influenced paleohabitats existed on the delta plain and 

braidplain, one or more aspects of the delta plain 

paleohabitats may have made the delta plain inhospitable to 

some animals. Contemporaneous early Blancan species may not 

have been able to enter the FCVC area until the 

establishment of the braidplain. Three, immigrants from 

South America (e.g., Nothrotheriops, Coendou, G7ossotherium, 

Hydrochoerus) and Eurasia (e.g., Mammuthus, Euceratherium, 

Odocoi7eus, Ursus) , and taxa that evolved later in the 

Blancan in North America (e.g., Tetrameryx, Navahoceros) 

contributed to the increase in diversity. 

It must be emphasized that the paleohabitats recognized 

here apply only to the FCVC area of the Salton Trough. The 

FCVC area is a relatively small portion of the Salton 

Trough. It is quite possible that some of the paleohabitats 

recognized in the FCVC area did not occur in other parts of 

the Salton Trough or had different characteristics that 

would have caused them to support different species 

compositions and relative abundances. The latter is most 

likely. The paleohabitats recognized on the basis of 

depositional environment probably occurred in all areas of 

the Salton Trough. However, it is quite possible that the 
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vegetation in other areas of the Salton Trough, particularly 

its center, differed from that in the FCVC area. 

The conclusions concerning the paleohabitats in the 

FCVC area during the Blancan and early Irvingtonian are only 

broad generalizations and must be considered as tentative. 

These conclusions are significant because they are the first 

attempt at reconstructing the paleoecology of the Palm 

Spring Formation in the FCVC area and should serve as the 

basis for further paleoecologic studies of this important 

section and its fossils. 

Additional study of the sediments and fossils from the 

FCVC area are needed to support or refute the conclusions 

presented here. Study of Blancan and early Irvingtonian 

sediments of the Palm Spring Formation in other areas of the 

Salton Trough may indicate how widespread were the 

paleohabitats recognized here and the particular 

characteristics of those paleohabitats. Collection of 

additional animal fossils and plant fossils will greatly 

refine and revise the interpretations made in this study. 

Also, plotting of the lateral distribution of fossils and 

the correlation of that distribution with depositional 

environment may provide a clearer picture of variation 

within paleohabitats and the demarction of paleohabitats. 

Paleocommunjtjes 

Recognition of communities and paleocommunities 

requires definition and identification of their boundaries 
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(Kaufmann and Scott, 1976). This is a difficult task for 

modern communities and more so for paleocommunities. One 

possible boundary is the types and areal extent of 

habitats/paleohabitats. Based on depositional environments, 

paleobotanical data, and animal fossils paleohabitats can be 

inferred in the geologic record. The discussion on 

paleohabitats given above suggests that paleohabitats 

remained stable in the FCVC area during the Blancan and 

early Irvingtonian. This suggests, in turn, that 

paleocommunity boundary conditions remained stable during 

this time. The implication is that only one paleocommunity, 

occupying several paleohabitats and having three temporal 

phases, existed in the FCVC area during the Blancan and 

early Irvingtonian. This paleocommunity was relatively 

stable with some change due to immigrant species. 

Ecologic data on living relatives of the FCVC 

vertebrate species (Kennerly, 1958, 1959; Howard, 1963; 

Walker et a1., 1968; White, 1968, 1984; Martin, 1979, 1986; 

Hall, 1981; White and Keller, 1984; Martin and Prince, 1989; 

Norell, 1989) and that inferred for the species with no 

living relatives (Kurten and Anderson, 1980) suggest that 

there were no obligate species relationships among the 

vertebrate species or among the vertebrates and plants. 

Within the FCVC paleocommunity it is possible to recognize 

species from each pa1eohabitat and common and rare species. 

Species occurring in specific paleohabitats are determined 
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Table 17. Ecologic Characteristics of the Fish Creek
Vallecito Creek Mammalian Genera. Data from Walker et a1., 
1968; Kurten and Anderson, 1980; Hall, 1981. 

Genys 

Notiosorex 
Sorex 

Scapanus 

Anzanycteris 

Baiomys 

Reithrodontomys 

Microdipodops 
Perognathus 

Eutamias 

Mimomys 
Ca70mys 
(Bensonomys) 
Peromyscus 

Onychomys 
Mictomys 

Microtus 

Lasiopodomys 

Terrico7a 

Dipodomys 

Thomomys 

Spermoph i 7 us 

Food Habjtat preference 

I Arid to semi-arid habitats 
I Wide range of habitats and climatic 

preferences, depending on species 
I Fossorial; wide range of habitats and 

climatic regimes along West Coast of 
North America and inland to the Sierra 
Nevadas 

I 

G 

G 

G 
G 

H 

H 
H 

H 

I 
H 

H 

H 

H 

G 

Extinct genus, based on family, may 
occur in a wide variety of habitats 
Dense grass, warm temperatures, arid to 
wet climates 
Areas of short grass, wide climatic 
tolerances 
Arid shrubland 
Arid to semi-arid plains and deserts, 
prefer areas of dense grass 
Wide range of habitats and climatic 
preferences, depending on species 
Probably similar to Microtus 
Habitat preference depends on species; 
grasslands, forests, brush 
Wide range of habitats and climatic 
preferences, depending on species 
Arid to semi-arid shrublands 
Semi-fossorial; vegetated, moist areas; 
occupies small, local areas 
Most species prefer moist meadows, some 
species can be found in deserts and 
forests 
Cool to cold, moist climates; habitat 
preferences similar to Microtus 
Semi-fossorial; broad climatic 
tolerance; found in a wide variety of 
habitats 
Semi-fossorial; prefers well-drained, 
easily worked soil; arid to semi-arid; 
brush and grasslands, prefers open 
ground 

H Wide range of habitats and climatic 
preferences, depending on species; 
fossorial, found in a wide range of 
types; root-eater 

G Wide range of habitats and climatic 
preferences, depending on species; 
prefers open, rocky or wooded hillsides 
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Table 17. Continued. 

Genys 

Geomys 

Sigmodon 

Neotoma 

Coendou 

Castor 

Hydrochoerus 

Pewe7agus 

Hyp 70 7agus 

Sy7vi 7agus 

Nekro7agus 

Lepus 

Gu70 

Muste7a 

Sp i 70ga 7e 

Tax idea 

Trigonictis 

Food 

H 

H 

H 

H 

H 

H 

Z 

Z 

Z 

Z 

Z 

C 

C 

C 

c 

C 

Habitat preference 

Wide climatic tolerances; fossoria1; 
prefers loose, sandy soils in open and 
sparsely wooded areas 
Grassy and shruby areas; arid to moist 
habitats; warm temperatures 
Wide range of habitats and climatic 
preferences, depending on species 
Living species arboreal inhabiting 
rain forests from Mexico to South 
America. C. stirtoni probably less 
arboreal, without prehensile tail, more 
like £rethizon in habits (White, 1968) 
Waterways with extensive tree growth on 
the banks; found in riparian areas in 
SW U.S. 
Tropical to semi-tropical; dense 
forests near permanent water 
Fossil distribution suggests preference 
for open or brushy habitats in semi
arid regions 
Cottontail ecomorph; habitat and 
climatic preferences probably similar 
to those of Sy7vi7sgus 
Wide range of habitats and climatic 
preferences, depending on species; 
prefers open or brushy habitats 
Cottontail ecomorph; habitat and 
climatic preferences probably similar 
to those of Sy7vi7sgus 
Wide range of habitats and climatic 
preferences, depending on species; 
L. cs770tis prefers open, semi-arid 
habitats 
Currently occurs in forest-tundra, 
taiga, and forests in cool to cold 
cl imates 
Wide range of habitats and climatic 
preferences, depending on species 
Inhabits a variety of habitats and 
climatic regions; most common in the 
Sonoran and Transition Zones (i.e arid 
to semi-arid areas preferred) 
Wide temperature tolerances; semi-arid, 
open areas preferred 
Extinct genus; wide range of habitats 
and climatic preferences possible based 
fossil distribution 



Table 17. Continued. 

Genys Food 

Canis C 

Vu7pes C 

Urocyon C 

Borophagus S 

Bassariscus C 

Procyon 0 

Nasua 0 
Lynx C 

Felis con co lor C 

F. rexroadensis C 

Panthera atrox C 

Panthera onca C 

Smi lodon C 

Ursus o 

Arctodus C 

Tremarctos H 

Mylohyus H 

P7atygonus H 

Capromeryx z 

Habjtat Preference 

Wide range of habitats and climatic 
preferences 
Wide range of habitats and climatic 
preferences, depending on species 
Wide climatic tolerances; prefers 
wooded or brushy habitats 
Hyena-proxy; fossil distribution 
suggests open habitats with wide 
climatic tolerances 
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Found in a variety of habitats, prefers 
rocky, broken areas near water; wide 
temperature tolerances 
Wide temperature tolerances; wooded 
brushy areas near water 
Woodland habitats; warm temperatures 
Wide range of habitats and climatic 
preferences 
Wide distribution among habitats and 
climatic regimes 
Fossil distribution suggests warm, 
temperate, probably semi-arid climatic 
preference; open to forested habitats 
Fossil distribution indicates wide 
climatic tolerances; open habitats 
Moist to arid, warm climates; forests 
to shrublands 
Fossil distribution indicates broad 
climatic tolerances and habitat 
preferences 
Prefers forested habitats in moist, 
temperate climates 
Fossil distribution indicatess broad 
climatic tolerances and habitat 
preferences 
Now restricted to forested mountains in 
South America, but may range into 
savannahs and shrublands 
Fossil distribution suggests wide 
climatic tolerances; open environments 
Fossil distribution suggests wide 
climatic tolerances and preference for 
plains and open woodlands 
Probable wide climatic tolerances based 
on fossil distribution; grasslands and 
brushy areas inferred based on size, 
limb morphology, and paleoenvironmental 
reconstructions 
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Table 17. Continued. 

Genys 

Tetrameryx 

Ant i 70capra 

Navahoceros 

Odocoi 7eus 

Cervus 

Hemiauchenia 

Came70ps 

Titanoty7opus 

£uceratherium 

Ovis 

Tapirus 

£quus (Asinus) 

£quus (Hemionus) 
£quus ( £quus) 

£quus 
(Do 7 ichoh ippus) 
Hippidion 
Dinohippus 
Nothrotheriops 

Mega 7 onyx 

Food Habjtat preference 

Z Probably tolerant of wide range of 
climates, but not extremes; plains and 
semi-desert habitats 

Z Wide temperature tolreances; arid to 
semi-arid grasslands 

H Limb morphology indicates adaptation to 
climbing in rocky terrain; fossil 
distribution suggests wide climatic 
tolerances in forests and grasslands 

H wide climatic tolerances; found in a 
wide range of habitats, prefers forests 

H Moister, cooler areas of North America; 
broad latitudinal distribution with 
increasing elevation; forested and open 
habitats 

Z Highly cursorial; fossil distribution 
suggests wide climatic tolerances and 
preference for grasslands 

H Fossil distribution indicates wide 
climatic tolerances; open habitats 

B Fossil distribution indicates wide 
temperature tolerances; arid and semi
arid areas; open environments 

Z Fossil distribution indicates wide 
climatic tolerances; open habitats 

H Limb adaptations for climbing rocky 
terrain: prefers cooler temperatures in 
uplands and mountains; humid to arid 
climates 

B 

Z 

Z 
z 

Z 

Z 
Z 
H 

H 

Requires permanent water source: forest 
and grassland habitats; humid, 
mesothermal climates 
Temperate and tropical: grasslands and 
shrublands; more tolerant of arid 
habitats than £quus (£quus) 
As for £quus (Asinus) 
Temperate and tropical climates: 
plains, savannahs, shrublands: humid to 
semi-arid regions 
Same as £quus (£quus) 

By inference, same as £quus (£quus) 
By inference, same as Equus (Equus) 
Fossil distribution indicates broad 
climatic and habitat tolerances 
Fossils have wide distribution in North 
America; climatic and habitat 
preference appears to depend on species 
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Table 17. Continued. 

Genus 

Glossotherium 

Mammuthus 

Mammut 

stegomastodon 

Cuvieronius 

Food Habitat Preference 

H Fossil distribution indicates wide 
climatic tolerances; open habitats 

Z Fossil distribution indicates wide 
climatic tolerances; open habitats 

B Fossil distribution suggests wide 
temperature tolerances, but preference 
for moister climates; open forests and 
grasslands 

B Fossil distribition suggests warm, 
semi-arid climates; grasslands 

B Fossil distribution suggests preference 
for warm, humid to semi-arid climates; 
forests and shrublands 

I = insectivorous; C = carnivorous; S = scavanger; Z = 
grazer; B = browser; H = generalized herbivore, mixed-feeder 
o = omnivore; G = granivore 
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Table 18. Relative Abundances of Mammalian Genera and 
Species in the Temporal Phases of the FCVC Paleocommunity 
based on the Number of Individuals. Number of Individuals 
determined according to Badgley (1986b). Equid Subgenera 
also indicated. Genera arranged according to Body Weight. 
EB = Early Blancan, LB = Late Blancan, IR =early 
Irvingtonian. * = Core genus or Species. 

Taxon 

Notiosorex sp. 
Sorex sp. 
Baiomys sp. 
Reithrodontomys sp.* 
Hicrodipodops sp. 
Perognathus sP.* 
Anzanycteris anzensis 
Eutamias sp. 
Ca70mys (Bensonomys) sp. 
Peromyscus sp. * 
Hictomys anzaensis 
Onychomys sp. 
Lasiopodomys sp. cf. L. deceitensis 
Hicrotus ca7ifornicus 
Dipodomys compactus* 
D. hibbardi* 
Dipodomys n. sp. A* 
Dipodomys n. sp. B 
Dipodomys sp. cf. D. minor 
Dipodomys sp.* 
Scapanus ma7atinus 
scapanus sp. 
Thomomys sp. 
Spermoph i 7 us sp. 
Geomys anzensis* 
G. garban i i* 
Geomys sp.* 
Sigmodon minor* 
s. 7 indsayi 
Sigmodon sp.* 
Neotoma sp.* 
Huste7a sp. cf. H. frenata 
Sp i 70ga 7 e sp. 
Pewe7agus dawsonae 
Hyp07agus vetus 
H. edensis 
Sy7vi7agus hibbardi 
Sy7vi7agus sp. cf. S. f70ridanus 
Sy 7 v i 7 agus sp. * 
Nekr07agus sp. 
Bassariscus sp. 
Trigonictis sp. 

EB 

1 
o 
o 
4 

12 
156 

12 
2 
o 
9 
o 
1 
o 
o 

14 
16 
11 

4 
1 

51 
o 
o 
o 
o 

17 
2 

23 
84 
o 
1 

176 
o 
o 

19 
31 
20 
o 
o 
3 
3 
1 
o 

LB 

o 
8 
o 
2 
1 

26 
o 
o 
1 
8 
4 
o 
o 
o 

15 
1 
2 
o 
o 

10 
8 
o 

11 
2 

19 
67 

127 
102 

17 
84 

106 
o 
o 
4 
o 
o 

46 
o 

33 
o 
o 
2 

IR 

2 
o 
5 

16 
o 

26 
o 
o 
1 

35 
5 
5 
1 
2 
4 
o 

37 
o 
o 

55 
72 

2 
8 
2 
8 

69 
65 
27 
60 

8 
109 

1 
1 
o 
o 
o 

45 
1 

31 
o 
o 
o 



Table 18. Continued. 

Taxon 

Vu7pes sp. 
Lepus ea 710t is 
Lepus sp. cf. L. ca770tis 
Lepus sp. 
Coendou stirtoni 
C. bathygnathum 
Coendou sp. 
Uroeyon sp. 
Procyon sp. 
Fe7is rexroadensis 
Lynx sp.* 
Nasua sp. 
Taxidea sp. 
Canis 7atrans* 
Canis sp.* 
C. priseo7atrans 
Castor sp. 
Capromeryx sp.* 
Borophagus sp. 
P7atygonus sp.* 
Tetrameryx sp. * 
Canis sp. near C. 7upus 
Hydroehoerus sp. 
Navahoeeros n. sp. 
Fe7is sp.* 
F. conco7or 
Gu70 sp .. 
Hemiauehenia sp.* 
Panthera sp. cf. P. onea 
Canis sp. cf. C. dirus 
Tremaretos sp. cf. T. f7oridanus* 
Tremarctos sp.* 
Odoeoi 7eus sp. 
Smi7odon graci7is 
Ursus sp. 
Aretodus sp. 
Nothrotheriops sp. 
Equus (Asinus) sp. 
Equus (Hemionus) sp. 
Hippidion sp. 
Tapirus merriami 
Tapirus sp. 
Cervus sp. 
Equus sp.* 
Equus (Equus) sp. 
Equus (Do7ichohippus) enormis 
E. (D.) sp. cf. E. (D.) simp7ieidens 
Equus (Do7ichohippus) sp.* 

EB 

1 
o 
o 
o 
o 
o 
o 
1 
o 
o 
1 
o 
o 
1 
3 
o 
o 
4 
o 
3 
3 
o 
o 
o 
1 
o 
o 
5 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
o 

47 
o 
o 
o 

20 

LB 

o 
1 
1 
1 
4 
o 
2 
1 
1 
1 
6 
1 
o 
6 

19 
3 
1 

11 
1 
8 
3 
o 
1 
4 
5 
6 
1 

48 
o 
1 
1 
o 

10 
o 
1 
2 
5 
3 
o 
1 
2 
3 
1 

249 
4 
1 
o 

69 

307 

IR 

o 
o 
o 
o 
o 
5 
o 
o 
1 
o 
1 
o 
1 
5 
2 
o 
o 
7 
o 
3 
4 
1 
o 
8 
1 
1 
o 

14 
1 
o 
o 
1 

26 
6 
o 
1 
3 
1 
1 
o 
o 
o 
o 

418 
14 

1 
1 

69 
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Table 18. Continued. 

Taxon EB LB IR 

£quus francescana 0 1 7 
cf. Dinohippus sp. 3 0 0 
£uceratherium sp. 0 1 2 
Came70ps sp.* 4 48 27 
Mega70nyx wheat7eyi 0 0 1 
Mega70nyx sp.* 1 6 5 
G7ossotherium sp. 0 3 1 
Titanotylopus sp.* 2 5 3 
Mammuthus sp. 0 0 2 
Hammut sp. 0 0 3 
Stegomastodon sp. 0 0 1 
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by analogy with living relatives and/or by fossil 

distribution correlated with paleoenvironmental 

reconstruction (Table 17). Common and rare species are 

determined by reference to the number of individuals for 

each genus and species (Table 18). Relative abundances are 

calculated only for mammalian genera and species from 

localities that can be assigned to a NALMA. 

By reference to analogy and functional morphology it 

can be seen that in the FCVC paleocommunity the majority of 

species are adapted to or prefer to inhabit open 

environments (Table 17) (Walker et al., 1968; Kurten and 

Anderson, 1980; Hall, 1981). Open environment can be 

interpreted to mean meadows, grasslands, shrublands, desert, 

or some type of savannah. Among the large-bodied mammalian 

species it is evident that nearly all are adapted to some 

degree of cursoriality. The ecologic inference from analogy 

and morphology that the FCVC paleocommunity was dominated by 

open environment species is in agreement with the cenogram 

analysis that indicates that the paleocommunity inhabited a 

type of savannah (Figures 22-24, 25, 29). Agreement oetween 

the two methods is significant because it shows that similar 

paleoecologic interpretations can be derived from different 

procedures. This result is also significant 

because it shows that valid paleoecologic interpretations 

can be made on the basis of body size without reference to 

taxon, the taxon-free approach of Damuth et al. (1992). The 



agreement between these two contrasting approaches 

strengthens the paleoecologic interpretation. 
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It is the species that occur in the paleocommunity in 

small relative abundances that suggest that they were either 

rare members of the paleocommunities or lived in a 

paleohabitat other than the dominant floodplain paleohabitat 

(Table 18). It;s also possible that those species that 

occur in small relative abundances do so because they lived 

in a micropa1eohabitat that was rarely preserved in the FCVC 

stratigraphic record. For instance, Microtus ca7ifornicus, 

Lasiopodomys, Mictomys, Ursus, Navahoceros, Spermophi7us, 

Eutamias, Procyon, and Bassariscus most probably inhabited 

the foothills and/or highlands paleohabitats. The presence 

of the small-bodied foothills/highland species in the 

lowland pa1eohabitats may indicate that wide-ranging 

carnivorous birds or mammals consumed carcasses in the 

foothills/highlands and eliminated the remains of these 

species in the lowland areas. The large-bodied species 

presence probably indicates that these species occasionally 

wandered into the lowland areas. The relative abundance of 

the mountain deer, Navahoceros, is high compared to some 

other species that are more typical of lowland paleohabitats 

such as Tetrameryx. This may indicate that Navahoceros 

utilized the lowland pa1eohabitats of the FCVC area more 

often than the other upland large-bodied species. 
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Other species that occur in small relative abundances, 

such as Cervus, Euceratherium, Onchyomys, Ca7omys, 

Nekro7agus, and Lepus probably were present 1n small numbers 

in the paleocommunity. The results of the taphonomic 

analysis indicate this may be the case (Chapter 6). 

Fragility of skeletal remains accounts for the low numbers 

of avian and chiropteran species. Collecting bias is most 

probably responsible for the low abundances and diversity of 

small reptile species (Norell, 1989). 

Table 17 also shows that many of the mammalian species 

have broad habitat preferences. This flexibility in habitat 

requirements is probably responsible for allowing the large 

diversity of mammalian species to inhabit the wooded 

savannah of the FCVC area. 

Most of the large-bodied mammalian primary consumers 

in the paleocommunity are known or believed to be social, 

that is their populations consist of small to large herds 

rather than as solitary individuals (Walker et al., 1968; 

Kurten and Anderson, 1980; Hall, 1981). This behavior is 

most common for defense and mate aquisition among species 

that inhabit open environments (Jarman, 1974; Owen, 1976; 

Leuthold, 1977). This further supports the interpretation 

that the FCVC area supported a savannah or wooded savannah. 

Community structure can occur in the form of relative 

taxonomic abundance. Simply put, some species occur in 

greater numbers than others within the guilds of a 
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community. Relative taxonomic abundance is caused by a 

combination of interacting factors: reproductive strategy, 

availability of resources, competitive ability, predator 

avoidance, interspecific non-interference strategies, and, 

perhaps, stochastic processes. The first three factors are 

most likely the most important. Relative taxonomic 

abundance can be viewed, to some degree, as a measure of a 

species' success in exploiting its habitat. 

Relative abundances between small and medium/large 

mammals in the FCVC paleocommunity are not comparable (Table 

18). This is expected considering that each size class is 

affected differently by different taphonomic processes 

(Chapter 6). Compared to the medium/large mammals, the 

relative abundances of the small mammals are much less than 

expected. In Recent environments, small mammals, as a 

group, are expected to have the largest relative abundances 

due to their small habitat requirements and high replacement 

rates relative to medium/large mammals (Krebs, 1972; Peters, 

1983). The taphonomic analysis (Chapter 6) suggests that 

within each size class, the relative abundances are probably 

accurate. For example, among the small mammals, Geamys, 

Sigmodon, Neotoma, Dipodomys, and Peragnathus occurred in 

consistently high relative abundances suggesting that they 

were the most common rodents in the paleocommunity. 

Hypo7agus is the most common lagomorph in the paleocommunity 

during the early Blancan, but after its extinction 



Sy7vilagus occurs in the paleocommunity in about equal 

numbers during the late Blancan and early Irvingtonian. 
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This observation may support the hypothesis of White (1984) 

that Sy7vilagus is the ecomorphic replacement of Hypolagus. 

Among the large mammals, £quus is the most abundant genus in 

the paleocommunity. Came lops, Hemiauchenia, and Odocoileus 

become common or abundant in the late Blancan and early 

Irvingtonian. Very large mammals, such as Titanoty7opus and 

Proboscideans, occur in very small numbers, consistent with 

the limits on their populations caused by the very great 

resource requirements necessitated by their very large size 

(Owen-Smith, 1988). The relative abundance of each primary 

consumer probably reflects the availability of their habitat 

and resource requirements in the FCVC area. Table 19 shows 

that the medium-sized body weights in the FCVC 

paleocommunity were occupied by carnivores and lagomorph 

herbivores. Table 19 also shows that the carnivores spanned 

the range from large to small body sizes, consistent with 

their position at a higher trophic level within the food 

chain/web. Also expected from standard ecologic theory and 

observation is that carnivorous (not including 

insectivorous) mammalian species occur in small relative 

abundances (Krebs, 1972; Peters, 1983). Data in Howard 

(1963) indicate that among the avian ~omponent of the 

paleocommunities, raptors are the least common birds. 
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One interesting observation is that there is a high 

diversity of carnivorous mammalian species in the 

paleocommunity. The early Blancan phase of the 

paleocommunity contains 33 identified mammalian genera. Of 

these five are carnivorous, approximately 15% of the total 

number of mammalian genera in this phase of the 

paleocommunity. The late Blancan phase of the 

paleocommunity contains 47 identified mammalian genera of 

which ten are carnivorous (~21%). The early Irvingtonian 

phase of the paleocommunity contains 45 identified mammalian 

genera of which ten are carnivorous (~22%). The large 

percentage of carnivorous genera in each phase of the 

paleocommunity is unexpected according to standard ecologic 

theory in which carnivorous taxa constitute about 2-3% of an 

endotherm dominated community. It is interesting to note 

that the percentage of carnivorous mammalian genera remains 

essentially the same in each phase of the paleocommunity. 

This may indicate that as the diversity of prey genera in 

each phase of the paleocommunity increased there was 

opportunity for a correlative increase in the diversity of 

predator genera. These observations may also indicate that 

the FCVC paleocommunities were "mature", that is stable and 

established for considerable lengths of time. "Maturity" is 

probably due, in part, to environmental stablity, as 

suggested by the analyses of depositional environment and 

paleoclimate. The observations and conclusions on carnivore 
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diversity are extremely tentative. Most carnivore genera in 

the FCVC paleocommunity are known from single specimens and 

the time spans encompassed by the paleocommunity are 

geologic, not ecologic. Therefore, carnivore diversity and 

its percentage of the mammalian component of a 

paleocommunity are probably somewhat illusory in terms of 

ecologic time, but useful heuristically and as a starting 

point for future research. 

Table 18 shows that a small subset of both large and 

small mammalian primary consumers consistently occurred in 

relatively large numbers in each temporal phase of the 

paleocommunity. Because o~ their greater numbers, these 

genera dominated the use of resources in the FCVC 

paleohabitats. Other genera would have been forced to 

accomodate these "dominants" in order to survive in the same 

area. It would thus appear that these "dominants" formed 

the basic structure of the FCVC paleocommunity. 

There is a suite of "core" genera and species that 

consistently maintain the highest relative abundances and 

are consistently present in each temporal phase of the 

paleocommunity, the "dominants" just discussed. They are 

indicated on Table 18 by asterisks. These "core" genera and 

species are essentially inhabitants of grasslands and 

savannahs, but are apparently Quite flexible in their 

environmental reQuirements and tolerances (Table 17) (Walker 

et al., 1968; Kurten and Anderson, 1980; Hall, 1981). The 
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latter property may be what allowed these genera to persist 

in each paleocommunity despite the occurrence of two major 

immigration events. 

In addition to environmental flexibility, morphology 

and/or behavior were probably partly responsible for the 

mutual occurr€nce of several closely related species in the 

FCVC paleocommunity. Among the Antilocapridae, Capromeryx 

(26,000g) and Tetrameryx (48,OOOg), ecologic segregation 

along size differences probably allowed these two genera to 

co-exist in the paleocommunity. 

The three genera of Camelidae, Hemiauchenia, Came70ps, 

and Titanoty7opus are separated according to size and degree 

of cursoriality. Hemiauchenia is the smallest camel 

(72,000g) and also the most gracile and cursorial, being 

characterized by its long slender limbs. Came70ps is 

considerably larger (500,000g) and more like living Came7us 

in its proportions and adaptations. The megaherbivore, 

Titanoty7opus (1,150,0009) was more of a browser than the 

other camelid genera (Kurten and Anderson, 1980) and 

probably filled the same ecologic niche that the giraffe 

does in Africa. 

The four species of Canis: C. SPa near C. 7upus, C. 

7atrans, C. prisco7atrans, and C.sp. cf. C. dirus are also 

separated on size (Table 19). This suggests that each 

species was taking different sized prey. Canis 7atrans is, 

and C. prisco7atrans may have been (Kurt~n and Anderson, 
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1980), a solitary hunter taking prey much smaller than 

themselves while C. sp. near C. 7upus relied on its greater 

size and pack behavior to take larger prey species. Canis 

dirus was most likely a scavenger rather than an active 

hunter (Kurt~n and Anderson, 1980). Canis dirus may have 

been an ecologic replacement of Borophagus. 

Dietary adaptations may be the reason for the co

existence of the ursid genera Tremarctos, Ursus, and 

Arctodus. Tremarctos is an essentially herbivorous genus 

and Ursus omnivorous (Walker et al., 1968; Hall, 1981). On 

the basis of its dentition and limb proportions, Arctodus 

was probably more carnivorous than Ursus and an active 

predator (Kurt~n and Anderson, 1980). 

Size differences and therefore differences in 

preferred prey as well as differences in hunting strategies 

may also be the reasons for the mutual occurrence of several 

species of felid in anyone temporal phase of the 

paleocommunity: Fe7is conco7or, F. rexroadensis, Lynx sp., 

Panthera sp. cf. P. onca, and Smi7odon graci7is (Tables 17, 

19). Differences in hunting strategy or preferred prey 

species may account for the reason why the similarly-sized 

Fe7is rexroaaensis and Lynx sp. co-existed in the late 

Blancan phase of the paleocommunity. 

Size differences may account for the ecologic 

separation of the ground sloth Nothrotheriops from the 

larger Mega 7 onyx and G7ossotherium (Table 19). Differences 



in size and, more probably, feeding preference may have 

separated Mega 7 onyx and G70ssotherium. 
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Differences in feeding preference may be the reason why 

several genera of Proboscidea, Mammuthus, Mammut, and 

Stegomastodon were able to co-exist in the early 

Irvingtonian phase of the paleocommunity (Kurt~n and 

Anderson, 1980). Mammut was primarily a browser while 

Mammuthus was a grazer. Stegomastodon may have been a 

mixed-feeder. It is only speculation that competition 

caused by the immigration of Mammut and Mammuthus into the 

FCVC area resulted in the extinction of Stegomastodon. 

Prior to the Irvingtonian, the Lagomorpha in the FCVC 

paleocommunity, Nekro7agus sp., Hypo7agus vetus, H. edensis, 

and Sy7vi7agus hibbardi, all filled the cottontail niche 

(White, 1984; White and Keller, 1984). White and Keller 

(1984) refer to this suite of taxa as ecomorphs, " ... 

organisms whose morphological resemblances resulted from 

convergence owing to ecological preference (p. 63). These 

authors recognized, on the basis of morphology, behavior, 

reproductive strategies, and habitat preference that the 

North American Lagomorpha fall into three ecomorphs: rock 

rabbit, cottontail, and jack rabbit. The ecomorph 

categories do not coincide with taxonomic subdivisions of 

the Lagomorpha. Differences in size, food preference, 

microhabitat preference or behavior patterns may be the 

reasons for the co-existence four cottontail ecomorphs in 



3i9 

the early Blancan phase of the paleocommunity and one in the 

late Blancan phase paleocommunity (Table 18). The 

appearance of Lepus during the latest Blancan resulted in 

the appearance of a jack rabbit ecomorph in the FCVC area. 

The FCVC specimens are identified as Lepus sp., Lepus 

ca71otis, and Lepus sp. cf. L. ca77otis. According to White 

and Keller (1984), L. ca770tis is a jack rabbit ecomorph. 

By the Irvingtonian there were two cottontail ecomorphs, 

Sy7vi7agus hibbardi and Sy7vi7agus sp. cf. S. f70ridanus 

and, presumably, one jack rabbit ecomorph, Lepus, if some of 

the Leporidae, gen. and sp. indet specimens belong to that 

genus. The reason for the extinction of three of the 

Blancan cottontail ecomorphs is unknown. Two of them, 

Hypo7agus vetus and H. edensis belong to the Archaeolaginae 

which became extinct near the Blancan-Irvingtonian boundary. 

The third, Nekro7agus, belongs to the Leporinae. The 

climatic change at the Blancan-Irvingtonian boundary or 

another cause, possibly better competitive abilities by 

Sy7vi7agus and Lepus, may be responsible for their 

extinction (White, 1984, 1987). It is noteworthy that 

despite the changes at the species and genus level in the 

FCVC Lagomorpha, the cottontail ecomorph niche remained 

present and, based on the number of specimens of Sy7vi7agus, 

allowed for large populations to occur. Persistence of the 

cottontail ecomorph niche suggests that this aspect of the 

paleocommunity structure remained stable. The appearance of 
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the jack rabbit ecomorph seems to have had little effect on 

the paleocommunity structure other than to partially fill 

the range of medium-sized body weights. The introduction of 

this new niche into the paleocommunity without causing any 

reorganization of its structure or integration suggests that 

a community ;s a very flexible phenomenon able to accept 

species so long as the environmental requirements for that 

species exist in the community, that is the community acts 

as an "individual" rather than as a "superorganism". 

Pewe7agus dawsonae, an archaeolagine, because of its 

morphologic specializations does not fit into any of the 

ecomorph categories (White, 1984). The uniqueness of this 

species may be the cause for its survival to the very end of 

the Blancan, unlike the other archaeolagines in the FCVC 

section. The reason for its extinction, despite its 

specializations that may have kept it out of competition 

with the other lagomorph species, is unknown. 

Although 22 rodent genera occur in the FCVC section, 

only five seem to have been present in large numbers based 

on actual specimen counts or relative abundances (Table 18). 

These five are: Perognathus, Dipodomys, Geomys, Sigmodon, 

and Neotoma. All of these genera persist in each temporal 

phase of the FCVC paleocommunity (Table 18). All these 

genera have broad habitat and climatic tolerances which may 

explain their persistence in the FCVC area for 3.1my 

(Table 17) and their ability to survive in the presence of 



immigrant species. The persistence of these genera and 

their large relative abundances suggests stability of the 

FCVC paleohabitats and paleoclimate. 
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There are two species of Sigmodon recognized in the 

FCVC paleocommunity, S. minor and S. 7indsayi (Martin and 

Prince, 1989). Sigmodon minor is the most common species 

and can be found in all three temporal phases of the 

paleocommunity (Table 18). Sigmodon 7indsayi occurs within 

two restricted stratigraphic intervals that correspond to 

the late Blancan and early Irvingtonian phases of the 

paleocommunity. The two species are not currently known to 

be sympatric in the FCVC paleocommunity (Martin and Prince, 

1989). Martin and Prince (1989) interpret the replacement 

pattern (see chapter 5) as caused by incorrect stratigraphic 

assignment of specimens, competition, or climatic change. 

Sympatry of species of Sigmodon is rarely observed because 

the different species rarely tolerate one another, 

especially if one species is smaller than the other (Martin, 

1986; Martin and Prince, 1989). This may be a factor in the 

total extinction of all small species of Sigmodon such as S. 

minor (Martin, 1979, 1986). Sigmodon 7indsayi is the larger 

of the two FCVC species and would be expected to be dominant 

throughout the FCVC section. That this is not observed is 

due to S. 7indsayi having probably evolved later than S. 

minor and thus having to establish itself in the FCVC area 

by immigration and, possibly, competition. 
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The geomyid rodents in the FCVC paleocommunities are 

represented by two genera and two named species: Geomys 

anzensis, G. garbanii, and Thomomys sp. Both of the species 

and genera are fossorial. Kennerly (1954, 1958, 1959) noted 

that Geomys burrows in sandy soils with the smaller species 

preferring less friable soils and the larger species 

preferring loose, friable soils. Kennerly (1959) also noted 

that it is rare for two species of Geomys to be found at the 

same locality in the same habitat. Becker and White (1981) 

observed that the Geomys species in the FCVC paleocommunity 

are differently sized, G. anzensis being smaller than G. 

garbanii. They attributed the uncommon sympatry of these 

two species to their different soil preferences. Sympatry 

of these two species is demonstrated at six LACM and three 

IVCM localities where their remains are found together. 

This situation suggests that the FCVC paleocommunity 

produced sufficient forage for these two species of Geomys 

even though they probably had similar food preferences. 

This demonstrates the role of microhabitats in allowing 

closely related species with similar environmental 

requirements to occur in the same habitats and suggests one 

way for sympatry to occur. Specialization by microhabitat 

is probably the reason why Geomys garbanii was able to 

successfully establish itself in the late Blancan and early 

Irvingtonian phases of the paleocommunity despite the 

presence of G. anzensis in the area since the early Blancan. 
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The third gopher in the FCVC section is Thomomys. This 

genus does not appear until the latest Blancan. After its 

appearance Thomomys is sympatric with both species of 

Geomys. Specimens of Thomomys, Geomys garabanii, and G. 

anzensis occur together at one locality (LACM 1114) (Becker 

and White, 1981). The survival of Thomomys in the late 

Blancan and early Irvingtonian phases of the paleocommunity 

is probably due to its not having a preference for the soil 

type in which it burrows (Becker and White, 1981). This 

would preclude competition from similarly sized gophers of 

other genera, usually Geomys (Becker and White, 1981). The 

geomyid rodents in the FCVC paleocommunity demonstrate the 

ecologic importance of body size and microhabitat preference 

rather than species interactions in structuring communities. 

One of the most interesting ecologic aspects of the 

FCVC paleocommunity is the sympatry of several equid genera 

and subgenera (Table 18). This is a somewhat unusual 

situation for closely related taxa of large mammals. 

Forsten (1988) noted that the species and subgenera (species 

according to her) of Equus can be divided into two groups 

based on the shape of the linguaflexid. The first group, 

characterized mainly by V-shaped linguaflexids is the 

stenonid group. The stenonid condition is the more 

primitive one. The second, characterized mainly by U-shaped 

linguaflexids is the caballo;d group. Most fossil and 

extant species of Equus belong to the stenonid group as does 
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the most likely ancestor of Equus, Dinohippus. In the FCVC 

paleocommunities all the equids belong to the stenonid group 

except for Equus (Equus) which is a caballoid, and 

Hippidion, which belongs to neither group. 

Forst~n (1988) observed that the stenonid horses were 

nearly completely and abruptly replaced by caba1loid horses 

in Eurasia during the Galerian (early middle Pleistocene, 

1.0-0.4 Ma). The FCVC data show that in North America this 

is not the case. Caballoid horses (Equus (Equus» first 

appear in the late Blancan phase of the paleocommunity at 

about 1.97 Ma. Stenonid horses survive along with the 

caballoids to the top of the section, about 0.9 or 0.7 Ma. 

The evolution, in North America, of the caballoid horses 

alongside the stenonids may have provided the stenonids the 

opportunity to evolve behavioral or ecologic characters that 

allowed them to co-exist with the new species. Stenonid 

horses immigrated to Eurasia about 2.6 my ago (Lindsay et 

a1., 1980; Forst~n, 1988) and may have, therefore, "missed 

the opportunity" to adapt to the caballoids. When the 

caballoids immigrated to Eurasia at about 1.0 Ma, they were 

able to replace the "unprepared" stenonids. 

An interesting ecologic problem is posed by the co

occurrence of congeneric and, probably ecologically similar, 

equid species in the FCVC paleocommunity. The ecologic 

similarity of the FCVC equid species is inferred from their 

dental, cranial, and limb morphology compared to extant 
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eQuids. This problem is discussed by Hutchinson (1959), 

Brown and Lieberman (1973), Andrewartha and Birch (1984), 

and Forsten (1988). Forsten (1988) noted, based on fossil 

and extant distributions, that stenonid horse species are 

commonly found in sympatry with one another. Caba110id 

horse species, by contrast, are seldom sympatric with one 

another, but do occur with stenonid horse species. Stenonid 

horses are characterized by a high degree of morphologic 

differentiation suggesting repeated and opportunistic 

speciation and adaptation to relatively narrow niches. The 

stenonid horse species' high degree of morphologic 

differentiation, sympatry, and geographic distribution 

through time are characteristic of tropical, narrow-niche 

species. 

The FCVC stenonid horses are differentiated from each 

other by size and limb morphology. For example, Equus 

(Do7ichohippus) enormis is considerably larger than the 

sympatric Equus sp. cf. E. (Do7ichohippus) simp7icidens 

(Downs and Miller, 1994). Equus (Hemionus) is a "sti1t

legged" form with limbs long relative to the size of the 

animal. Equus (Do7ichohippus) is the most abundant stenonid 

horse in the FCVC paleocommunity and may be the most 

abundant equid if many of the specimens identified as Equus 

sp. belong to this subgenus. Forsten (1988) presented 

additional data and statistics demonstrating the differences 

between stenonid and caba110id horses and those among the 
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stenonid horses. 

Caballoid horse species have been morphologically 

conservative through time and space, with the exception of 

size differences (Forsten, 1988). Caballoid horses are 

characterized by a high degree of ecologic and behavioral 

flexibility (Walker et a1., 1968; Forsten, 1988). The 

ecologic and behavioral flexibility of the caballoid horses 

is also responsible for their being able to occur 

sympatrically with stenonid horses, if the habitat was 

sufficiently productive (Forsten, 1988). 

The data and inferences support the interpretation of 

the FCVC habitats as being of high productivity and so able 

to support several sympatric species of stenonid horses as 

well as sympatric caba110id horses. The stenonid species 

survived by niche specialization and the cabal10id horses by 

ecologic and behavioral flexibility. 

The Blancan and early Irvingtonian paleohabitats must 

have been particularly favorable for equid species as these 

constitute the most abundant large mammal species in the 

entire FCVC assemblage (Table 18). A combination of factors 

such as climate, vegetation, competitive ability relative to 

other large mammal species, being ecologic generalists with 

respect to food source, ability to process low-quality 

forage, and the potential for year-round reproduction may be 

responsible for the large abundance of equid species. The 

equid diversity and probable ecologic differentiation of 
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most equid species is analogous to that seen today by bovids 

in East Africa. 

Downs and Miller (1994) stated that their study of 

Equus from the FCVC area did not support sympatry of 

caballoids and stenonids. Their conclusion was reached on 

the basis of a very limited sample of Equus from the FCVC 

area; two specimens of Equus (D07ichohippus) sp. cf. E. (D.) 

simp7icidens, three of E. (D.) enormis, and one referred to 

as E. (Equus) sp. A. All of the specimens, except for two 

of E. (D.) enormis, are from the fault blocks so that their 

biostratigraphic utility is weakened (Chapter 5). Because 

of the very limited sample size and poor biostratigraphic 

control, their conclusion is not accepted in this study. 

The most notable aspect of the FCVC paleocommunity is 

its ability to accept immigrant species without any 

noticable change in community structure or significant 

extinction of pre-existing species (Figures 22-24, 25). The 

ability of the FCVC paleocommunity to accept immigrant 

species is most likely due to three factors. The first is 

the continued presence of all terrestrial paleohabitat types 

during the Blancan and early Irvingtonian. The second is the 

stability of the paleoclimate leading to stability in the 

paleohabitats. This second factor allowed for sufficient 

resources and microhabitat development that in turn allowed 

a large number of niches to be available, possibly with 

overlap (MacArthur, 1965; Wilson, 1969; Brown and Lieberman, 
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1973). The third factor is the inferred ecologic 

flexibility of many of the FCVC mammalian species (Walker et 

al., 1968; Kurten and Anderson, 1980; Hall, 1981). This 

contributed to high diversity levels by allowing the co

occurrence of species with similar ecologic requirements in 

the same paleocommunity. 

The observation that the FCVC paleocommunity changed 

mainly by the addition of immigrant species suggests that 

the paleocommunity had unoccupied niche space available that 

could be exploited by the immigrants. It may also suggest 

that resources were plentiful in the paleocommunity so that 

when immigrants arrived the pre-existing species could 

undergo niche contraction without adverse effect. Ecologic 

flexibi1ty of some of the species would contribute to the 

latter inference. 

It is also noteworthy that few extinctions occurred in 

the FCVC paleocommunity. That of the archaeolagine 

1agomorphs at the Blancan-Irvingtonian boundary was a 

continent-wide event, possibly brought about by competition 

from Sy7vi7agus and Lepus (White, 1984). That this 

extinction did not result in any noticable change in the 

early Irvingtonian phase of the paleocommunity is probably 

due to the fact that the replacement species were ecomorphs 

of the extinct ones. Another extinction is that of cf. 

Dinohippus sp. in the late Blancan phase of the 

paleocommunity. This is probably a pseudoextinction because 
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Dinohippus is hypothesized to be the ancestor of Equus. 

Competition by the radiation of £quus may have contributed 

to the extinction of relict populations of Dinohippus. 

Again, no change in the paleocommunity structure occurred 

because the niche of cf. Dinohippus sp. was probably filled 

by one or more species of £quus. The extinction of 

?Borophagus sp. in the late Blancan phase of the 

paleocommunity may have been caused by competition from 

Canis sp. cf. C. dirus, as both are believed to be primarily 

scavangers (Kurten and Anderson, 1980). Norell (1989) noted 

that extinction of the herbivorous iguanine genera 

Dipsosaurus dorsalis and Pumilia novaceki occurred during 

the late Blancan. These genera were apparently replaced by 

more mesic taxa, such as gerrhonotines and skinks. Norell 

(1989) considered this a case of regional extinction 

followed by replacement and postulates environmental change 

causing a change in the plant species composition for the 

extinction and replacement. Other putative extinctions such 

as that of Anzanycteris anzensis, £utamias, or Vu7pes may be 

artifacts of collecting or taphonomic bias. 

Within the paleocommunity food webs/chains probably 

expanded and contracted with each immigration and extinction 

event, respectively, forming new connections. This is 

indicated by the stability and consistency of the 

paleocommunity structure as shown by the cenogramic 

analysis. This suggests that the paleocommunity possessed 
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much flexibility in its organization and integration rather 

than being a delicately balanced system of "hooks" which 

falls apart if a "hook" is broken. The inference from this 

is that the paleocommunity was a system that could quickly 

damp perturbations caused by changes in its species 

composition. As food web/chains changed their connections 

energy flow through the paleocommunity was simply 

rechanneled. 

Why should this be so? The answer probably lies in the 

inferred climatic stability of the FCVC area during the 

Blancan and early Irvingtonian. Climatic stability produced 

vegetational structural stability and environmental 

predictabilty. These factors combined with greater 

flexibility in food preference and other environmental 

requirements, at least among the mammalian species in the 

paleocommunity. The result was a dynamic paleocommunity 

that could readily accommodate change without losing its 

basic structure. One conclusion derived from this is that 

the FCVC paleocommunity contained many broad niches ;n order 

to accommodate immigrants. 

In the opinion of the author, the FCVC paleocommunity 

was a real, objective entity. It had the characteristics of 

structure, energy flow, distinct species composition, and 

recurrence in time and space. The most important result 

from the FCVC data ;s that it shows that terrestrial 

paleocommunites can be recognized in the fossil record, 



details of their structure reconstructed, and their 

histories followed for significant lengths of time. 

Cenogram Analysjs of the ECYC paleocommunjty 

Methodology 
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The cenogram approach is a graphical method in which 

the natural logarithm of the body size of each taxon is 

plotted on the ordinate against the rank order of the 

taxon's size on the abscissa, i.e. a semi-log plot. These 

points define the base cenogram. Any measure of body-size 

may be used. Valverde (1964, 1967) used head-body length. 

Legendre (1986) used estimated body weights based on the M1 

crown area. A regression line is then fitted to the plotted 

points and this line defines the cenogram. The number of 

taxa in a given size interval determines the slope of the 

regression line. Gentle slopes are due to a greater number 

of taxa and steep slopes are due to a smaller number of 

taxa. The base cenogram indicates whether or not taxa are 

grouped into distinct size classes by the presence or 

absence of gaps in the distribution of data points, and if 

anyone size class predominates; in other words, the base 

cenogram illustrates community structure based on the 

distribution of body sizes in an ecosystem defined by its 

vegetation structure. This is just one measure of community 

structure; diversity and its distribution across body sizes. 

Inferring paleocommunities from this method also reQuires 

consideration of functional morphology, dietary 
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specializations, and modern analogues. Examples in Legendre 

(1986) show that it is not necessary for the regression line 

to pass through the entire set of data points, but that it 

may plot as segments through discrete sets of points on the 

same cenogram if a gap occurs between the small and 

medium/large body weight classes. These clusters represent 

distinct breaks in the continuity of body-sizes and so 

reveal more information about community structure. 

Interpretation of the slopes and clusters (if any) of 

the data points depends on reference to cenograms 

constructed for Recent communities. Thus, the cenogram 

method explicitly relies on an actualistic foundation. 

Legendre (1986) developed his own Recent data base using six 

mammalian communities from Africa, Spain, and Iran. 

cenograms for this reference base were overlapped along a 

third axis of environmental gradient. The environmental 

setting for each Recent community was found to have its own 

characteristic cenogram plot. "Open" environments, such as 

savannahs, show a gap between small «500g body-weight) and 

large (>8000g body-weight) species. The gap does not 

necessarily indicate the complete absence of medium-body 

weights, only that there is a discontinuity between the 

small- and medium-body weights. Desert environments show a 

pronounced difference in the slope between the curves for 

the large and small mammals as well as the gap. Forest and 

savannah environments describe curves in which the slope for 
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the small and medium/large body weights are nearly 

identical; this suggests a homogenous distribution of body 

weights. The distribution is continuous in the forest 

environment, but interrupted by the gap in the medium-body 

weight in the savannah environments. Note that these are 

based on empirical observations and it is possible that the 

body-weight limits may be arbitrary. It must also be 

emphasized that the regressions of the cenogramic curves 

included only the data points for primary consumers even 

though the base cenograms in Legendre's (1986) examples 

plotted data points for carnivorous and insectivorous 

species as separate curves on the base cenograms. 

From his observations on Recent community structure 

Legendre (1986) suggested the following empirical "rules" to 

analyze cenograms: 1) open environments show a gap in the 

medium-sized species range while forested environnments 

exhibit a more continuous body-size distribution, 2) The 

steepness of the slope for the large-sized mammals is an 

indicator of aridity, steeper slopes being indicative of 

more arid environments as fewer large mammals are observed 

to inhabit these environments, and 3) the slope for small

sized species may be indicative of temperature minima, fewer 

small-sized species being observed to occur in temperate and 

boreal regions compared to tropical areas. These empirical 

rules indicate that a cenogram may show more than the 

structure of a community based on diversity and the body 
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allow one to make inferences about vegetation structure, 

temperature, and humidity. 
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Legendre (1986) did not provide any explanations for 

his "rules". I would speculate that "rule" 2 may be due to 

the lack of moisture in arid environments causing a lack of 

the plant biomass needed to support a diverse assemblage of 

large-sized mammals. "Rule" 3 may possibly be the result of 

paleoclimatic influences on the distribution of small-sized 

mammals. "Rule" 1 is the most intriguing and the one for 

which I could find no explanation in the ecologic literature 

so that this "rule" is based purely on unexplained 

observations. 

Neither Valverde (1964, 1967) nor Legendre (1986) 

provided quantitative limits for the slope values and body

size offsets used to discriminate among environments. 

Interpretation of the cenogram was apparently done by visual 

inspection of the regression line for slope and of the base 

cenogram for possible body-size offsets. Gunnell (1994, 

figure 17), using data from 42 extant mammalian communities 

in Legendre's (1988) unpublished state doctorate, quantified 

the slope limits and small/medium mammal offsets necessary 

to interpret cenograms (Tables 21, 22). Slope limits are 

only for the regression line for taxa with body weights 

greater than 500g, which is Legendre's (1986) arbitrarily 

chosen upper limit for small mammals. These slope 1imits 
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discriminate among environments based on the degree of 

aridity in the environment. The offset limits are given in 

terms of units of ln body weight (ordinate units) and are 

applicable to the offset between taxa <500g and >500g. 

Offset limits may be used to discriminate among environments 

based on the vegetation structure of those environments. 

The mammalian fossil collections from the Palm Spring 

Formation have been analyzed according to the cenogram 

method in order to understand the structure of the mammalian 

paleocommunity and the conditions under which it existed. 

Because the principal purpose of the analysis is to see 

what, if any, changes occurred in the terrestrial 

paleocommunity between 4.0 and 0.9 (or 0.7) Ma, it will be 

most informative to examine the data at those times when 

potential perturbations affecting the paleocommunity took 

place in the FCVC area. Based on the evidence from the FCVC 

section, three types of perturbations probably affected 

the FCVC paleocommunities: change in paleoenvironment, 

change in taxonomic composition of the paleocommunity, and 

change in paleoclimate. 

Chapter 3 showed that a change in the paleoenvironment 

occurred in the FCVC area by the shift in course of the 

Colorado River at approximately 3.0 Ma. The overall 

paleohabitat changed from the delta plain of the Colorado 

River to a braidplain. This is recorded by the change from 

the Diablo and 011a "members" (CU 7.0-42.4) to the Tapiado 
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and Huesos "members" (CU 42.5-66.9). 

Changes in taxonomic composition by appearance and 

disappearance of taxa occurred throughout the FCVC section 

during the Blancan and early Irvingtonian (Chapter 5, Plate 

2). Significant change in taxonomic composition appears to 

taken place around 2.5 Ma (CU 47.2) (appearance of South 

American immigrants via the Panamanian isthmus, the Great 

American Interchange) and 1.77 Ma (CU 56.0) (appearance of 

Eurasian immigrants and genera characteristic of the 

Irvingtonian NALMA). 

Change in paleoclimate apparently occurred around 2.0 

Ma. As discussed in the section on paleoclimate in this 

chapter, the change in the local FCVC paleoclimate was a 

shift from relatively wet (~4.0-2.0 Ma, CU 7.0-49.0) to 

relatively dry conditions (~2.0-0.9/0.7 Ma, CU 49.1-66.9) 

The possible effects of these perturbations were 

examined by constructing three sets of cenograms, following 

the procedure of Legendre (1986). One set was constructed 

for each of the environmental perturbations just discussed. 

Each set consists of two types of cenogram. The first type 

is a base cenogram on which all the primary consumer genera 

in an assemblage are plotted and identified. Only primary 

consumers are plotted on the base cenograms because only 

their data points are involved in the analysis. 

The second type is a regression line of the primary 

consumer curve. The regression line is what is analyzed in 
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order to interpret a cenogram. The primary consumer curve 

is regressed and analyzed because primary consumers occur 

near the base of food chains/webs and so are most likely to 

be affected by the perturbations effects on vegetation and 

competition. The spectacled bear, Tremarctos, is included 

as a primary consumer because data on the living species of 

this bear indicate that, under natural conditions, it is a 

herbivore (Walker et al., 1968). 

The data sets for each cenogram (referred to as 

assemblages) represent different phases of the FCVC 

community, phases that are delimited by environmental change 

in the FCVC area. 

The first set (paleohabitat change) has the data 

grouped into two assemblages. The first paleohabitat 

assemblage includes the genera from the Diablo 

and 011a "members" (CU 7.0-42.4), the second paleohabitat 

assemblage includes the genera from the Tapiado and Huesos 

"members" (CU 42.5-66.9). The second set (change in 

taxonomic composition) has the data grouped into three 

assemblages. The first assemblage corresponds to the early 

Blancan, prior to the Great American Interchange (4.0-2.5 

Ma, CU 7.0-47.2). The second assemblage corresponds to 

the late Blancan, after the start of the Great American 

Interchange (2.5-1.77 Ma, CU 47.3-55.9). The third 

assemblage corresponds to the Irvingtonian part of the FCVC 

section (1.77-0.9 or 0.7 Ma, CU 56.0-66.9), reflecting the 
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Table 19. Estimated Body Weights for Mammalian Genera in 
the Fish Creek-Vallecito Creek Section and Distribution of 
Genera by Assemblage for Cenogram Analysis. 

Taxon Weight (g) DO HT EB LB 18 PC1 PC2 

Notiosorex 4.0 X X X X X X 
Sorex 5.9 X X 
Baiomys 1 8.0 X X X 
Reithrodontomys 2 11.5 X X X X X X 
Microdipodops 3 13.5 X X X X X 
Perognathus 4 17.5 X X X X X X X 
Anzanycteris 23.0 X X X 
Eutamias 5 35.0 X X X 
Mimomys 6 35.0 X 
Ca70mys (Bensonomys) 7 40.0 X X X X 
Peromyscus 8 43.5 X X X X X X X 
Mictomys 9 50.0 X X X X 
Onychomys 50.0 X X X X X X 
Lasiopodomys 10 60.0 X X X 
Microtus 11 60.0 X X X 
Dipodomys 12 96.5 X X X X X X X 
Scapanus 110.0 X X X X 
Thomomys 13 154.0 X X X X 
Spermoph i 7 us 14 156.5 X X X X 
Geomys 15 209.5 X X X X X X X 
Sigmodon 16 214.0 X X X X X X X 
Neotoma 17 246.5 X X X X X X X 
Muste7a 300.0 X X X 
Spi 70ga 7e 600.0 X X X 
Pewe7agus 18 628.0 X X X X X X 
Hyp07agus 19 720.0 X X X 
Sy7vi7agus 20 774.5 X X X X X X 
Nekr07agus 21 871.0 X X X 
Bassariscus 985.0 X X X 
Trigonictis 2,100.0 X X 
vu7pes 3,400.0 X X X 
Lepus 22 3,447.0 X X X 
Coendou 23 4,300.0 X X X X X 
Urocyon 5,000.0 X X X X X 
Procyon 6,350.0 X X X X 
Fe7is rexroadensis 10,900.0 X X X 
Lynx 10,900.0 X X X X X X X 
Nasua 11 ,300.0 X X X 
Tax idea 12,000.0 X X X 
Canis sp. 13,500.0 X X X X X X X 
Canis 7atrans 13,500.0 X X X X X X 
C. prisc07atrans 15,000.0 X X X 
Castor 24 18,500.0 X X X 
Capromeryx 25 26,000.0 X X X X X X 
Borophagus 27,000.0 X X X 
P7atygonus 26 32,500.0 X X X X X X 
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Table 19. Continued. 

Taxon Wejght (g) PO HT EB LB IR PCl PC2 

Tetrameryx 27 
Canis lupus 
Hydroehoerus 
Ant i 70capra 
Navahoeeros 
Fe 7 is sp. 

28 
29 
30 

Fe 1 is conco 70r 
Gu70 
Hemiauehenia 31 
Panthera onea 
Canis dirus 
Tremaretos 32 
Odoeoi 7eus 33 
Smi 7odon 
Ursus 
Aretodus 
Nothrotheriops 34 
Equus (Asinus) 35 
E.(Hemionus) 36 
Hippidion 37 
Tapirus 38 
Cervus 39 
Equus sp. 40 
E.(Dolichohippus) 

48,000.0 
50,000.0 
50,000.0 
60,000.0 
65,000.0 
69,500.0 
69,500.0 
70,400.0 
72,000.0 
75,650.0 
80,000.0 

105,000.0 
110,000.0 
136,500.0 
150,000.0 
150,000.0 
180,000.0 
260,000.0 
260,000.0 
260,000.0 
262,500.0 
275,000.0 
350,000.0 
350,000.0 

350,000.0 
350,000.0 
410,000.0 
500,000.0 
500,000.0 
900,000.0 

41 
Equus (EQuus) 42 
Dinohippus 43 
Eueeratherium 44 
Came70ps 45 
Mega70nyx 46 
G7ossotherium 47 
Titanoty7opus 48 
Mammuthus 49 
Mammut 50 
Stegomastodon 51 
Cuvieronius 52 

1,150,000.0 
3,000,000.0 
3,000,000.0 
3,000,000.0 
3,000,000.0 

TOTALS 

x 

x 

x 

x 
X 

X 

X 

X 

25 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

76 

X X 

X 

X 
X X 

X 
X 

X X 

X 
X X 

X 

X 
X 
X 
X 

X X 
X 
X 

X X 
X X 

X 
X 

X 
X X 
X X 

X 
X X 

34 56 

X X 
X 

X 
X X 
X 

X X 
X 

X X 
X 
X 

X 
X 
X 
X 

X 

X 
X 

X X 
X X 

X 
X 

X 
X X 
X X 
X 
X X 
X 
X 
X 

63 40 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

64 

Numbers after taxon used on abscissa in Figures 18-24. DO = 
Diablo-Olla Assemblage. HT = Huesos-Tapiado Assemblage. EB 
= Early Blancan Assemblage. LB = Late Blancan Assemblage. 
1R = Irvingtonian Assemblage. PCl = Paleoclimatic 
Assemblage 1 - 4.0-2.0 Ma. PC2 = Paleoclimatic Assemblage 2 
- 2.0-0.9 or 0.7 Ma. 
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possible influence of Eurasian immigrants. The third set 

(paleoclimate change) includes an assemblage of genera from 

the 4.0 to 2.0 Ma interval (CU 7.0-49.0), wet climate, and 

an assemblage from the 2.0 to 0.9 (or 0.7) Ma interval (CU 

49.1-66.9), dry climate. 

The assemblages used for each set of cenograms, 

admittedly, span uneQual lengths of time. This;s because 

the events recorded in the FCVC section and used to denote 

each type of environmental perturbation do not correlate 

with each other. The cenogram method does not reQuire that 

assemblages correspond to eQual time spans. Data can 

consist of taxa from single localities or groups of 

localities. I believe that the way genera have been grouped 

into assemblages for each set of cenograms is not arbitrary 

because the limits to each assemblage correspond to recorded 

events in the FCVC section. 

Table 19 shows the estimated body weights, distribution 

of genera among the assemblages designated for the three 

applications, and the reference number for that taxon used 

on the abscissa in the base cenograms (Figures 18-24). 

Carnivorous, omnivorous, and insectivorous genera and 

species are listed on Table 19 for the sake of completeness 

and because they were referred to in the actualistic 

analysis. 

All specimens identified to genus, and that could be 

assigned to lithostratigraphic "member" were used for the 
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first application of the cenogram method (paleohabitat 

change). For the second (changes in taxonomic composition) 

and third applications (paleoclimatic change) of the 

cenogram method reference to collecting level, absolute age, 

NALMA, or paleomagnetic chron is necessary. Therefore, 

genera from the fault blocks are not used because they 

cannot be stratigraphically located by one of the above 

methods. Genera from the "Hollywood and Vine" section are 

included for the second and third applications because these 

sediments are, stratigraphically, the highest in the FCVC 

area and the specimens from this section indicate that this 

section is Irvingtonian (Table 1). Because most mammalian 

fossils in the FCVC section have been identified to the 

generic level, the genus, with one exception, is used in the 

construction of each set of cenograms. The exception is 

that equid subgenera are plotted separately on each set of 

base cenograms. 

Adult body weight was used as a measure of body size 

(Table 19) because this is the most important criterion used 

in the cenogram method. Only genera of mammalian primary 

consumers were used as reptile, bird, and amphibian remains 

are rare in the entire formation. 

In constructing Table 19, body weights for extant 

genera and species were taken directly from Walker et ale 

(1968) and Hall (1981). Body weights of extinct genera and 

species were estimated. In some cases, e.g. Nothrotheriops, 
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there are published estimates (Kurten and Anderson, 1980). 

Body-weight estimates for other extinct genera and species 

were based on body weights of extant relatives or comparison 

with similar-sized, but non-related genera. 

Genera/subgenera of equal body weight were treated as one 

data point because the cenogram method does not depend on 

taxonomic identification, but on the distribution of body 

weights. 

The presence or absence of a gap or offset between 

small- and medium- or large-sized mammals is important in 

the interpretation of a cenogram. The presence or absence 

of the offset, in turn, depends upon the definition of a 

small mammal. Both Legendre (1986) and Gunnell (1994) used 

500g as the upper limit for the body weight of a small 

mammal, but did not explain the significance of this value, 

and it is an arbitrary value. Other studies, such as 

Behrensmeyer (1978), Behrensmeyer et al., 1979, and Badgley 

(1986a), have used different limits to separate mammalian 

species by body size. In order to compare and contrast 

results of the cenogram and actualistic analyses of this 

study against the cenogram-based environmental 

interpretations of Legendre (1986) and Gunnell (1994), the 

body weight limits of those two authors are used. Based on 

their criteria, small mammals have body weights <500g, 

medium-sized mammals range from 500g to 8,OOOg, and large 

mammals weigh more than 8,OOOg. 
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Body size has been demonstrated to be strongly 

correlated with many aspects of a species life history (e.g. 

life spa~, gestation period, litter size, ontogeny, 

population density, territory size, predator-prey 

relationships) (Damuth, 1981, 1982; Eisenberg, 1981; Peters, 

1983). 

The use of body size has received much attention in 

recent paleoecologic studies. Because soft anatomy, 

behavior, and physiology are not preserved in the fossil 

record, the only possible source of ecological information 

available is from the preserved bones and teeth. One 

ecologic feature the preservable part of a vertebrate can 

provide is body size. Although there is debate over the 

most "realistic" way to estimate body size, its ecological 

importance is generally accepted (Damuth, 1990; Damuth and 

MacFadden, 1990; Eisenberg, 1990; Forte1ius, 1990; Janis, 

1990; Scott, 1990; Van Va1kenburgh, 1990). Most 

importantly, body size allows analyses of Recent and past 

communities and ecosystems to be carried out as a taxon-free 

exercise. A taxon-free ecologic analysis is only a partial 

description of the community or ecosystem, but it does allow 

specific comparisons among communities in time and space 

(Damuth et a1., 1992). A taxon-free analysis treats body 

size distribution as a character of the community and can 

use other characters at the community-level, such as species 

diversity, food preference, locomotor type, and habitat use 
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(Damuth et a 1 ., 1992). 

Body size has its influence on life history parameters 

through its relationship to the species' physiology (Peters, 

1983). Physiology is a rather conservative feature of a 

species, and may be applicable to higher ~axa, when its 

intimate connections to so many vital aspects of an organism 

can be demonstrated. Physiology imposes constraints on an 

organism's life history and evolutionary history. Thus 

physiology acts, to varying degrees, against drastic and 

rapid changes in an organism or an evolving lineage and 

promotes constancy in nature and evolution. For this reason 

physiologically-based, actualistic criteria, such as body 

size, are excellent "yardsticks" against which to measure 

paleontological data. 

Cenogram Analyses of the Fish Creek-vallecito Creek 

Mammalian primary Consumers 

Results 

Figures 19-20, 22-24, and 26-27 are the base cenograms 

for each assemblage. Figures 21, 25, and 28 are the 

cenograms showing the regression line for each base 

cenogram. The cenograms in Figures 21, 25, and 28 are 

arranged along a time axis. Figure 29 is a reproduction of 

figure 11 of Legendre (1986) and is used for visual 

comparison and interpretation of Figures 21, 25, and 28. 

Table 20 is the statistical summary for each set of 

cenograms, showing values for r, m, b, and offsets. 
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Table 20. Statistical Summary for the Cenogram Analyses of 
the FCVC Primary Consumer Data. 

r = Correlation Coefficient, m = Slope, b = V-intercept, 
o = Offset between Small and Medium/Large Herbivores in 1n 
Units, n = Number of Data Points 
* = number of data points may be less than the number of 
genera/subgenera because those with identical weights were 
treated as one data point 

Djablo-011a Assemblage (00) 

Large Mammals 

r = -0.95 
m = -1.06 
b = 1~.73 
n = 9 

o = 0.93 

Hyesos-Tapjado Assemblage 

Large Mammals 

r = -0.96 
m = -0.29 
b = 14",86 
n = 24 

o = 0.93 

(HT) 

Early Blancan Assemblage (EB) 

Sma]] Mammal s 

r = -0.97 
m = -0.47 
b = ~.31 
n = 7 

Small Mammals 

r = -0.99 
m = -0.25 
b = 6.~0 
n = 15 

Large Mammals Small Mammals 

r = 
m = 
b = 
n = 

-0.97 
-0.68 
14",95 
13 

o = 0.93 

Late Blancan Assemblage (LB) 

r = -0.98 
m = -0.44 
b = ~.22 
n = 9 

Large Mammals Small Mammals 

r = 
m = 
b = 
n = 

-0.95 
-0.31 
14",61 
22 

o = 0.93 

r = -0.99 
m = -0.31 
b = 6",90 
n = 12 



Table 20. Continued. 

IrYingtonian Assemblage 

Large Mammals 

r 
m 
b 
n 

= 
= 
= 
= 

-0.95 
-0.38 
15*10 
17 

o = 1.14 

CIR) 

paleocljmatjc Assemblage 1 (PCA1) 

Large Mammals 

r = -0.97 
m = -0.58 
b = 14*85 
n = 15 

o = 0.93 

paleocljmatjc Assemblage 2 (PCA2) 

Large Mammals 

r = -0.96 
m = -0.31 
b = 14*97 
n = 23 

0 = 0.93 

Small Mammals 

r = -0.98 
m = -0.29 
b = 6*15 
n = 13 

Small Mammals 

r = -0.98 
m = -0.44 
b = i· 22 
n = 9 

Small Mammals 

r = -0.99 
m = -0.28 
b = 6.10 
n = 14 
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Table 21. Range of Slope Values for Large-sized Herbivores 
used for Paleoclimatic Interpretation (Degree of Aridity) of 
Cenograms. Based on Gunnell (1994, figure 17). 

0.0 - 0.2 
0.21 - 0.3 
0.31 - 0.5 
0.51 - 0.82+ 

Humid 
Subhumid 
Seasonal Rainfall 
Dry 

Table 22. Range of Values for Small/Medium Body Weight 
Offset and Environmental Interpretation used by Gunnell 
(1994) to analyze Cenograms. Offset Values in ln units. 
Small/Medium Body Weight Offset at 500g. Offset Values 
extrapolated from Figure 17 of Gunnell (1994). 

Offset Val yes 

0.0 - 0.5 
0.5 - 1.1 
1.1 - 1.3 
1.3 - 1.7 

enyjronmental Interpretation 

Rainforest 
Woodland 
Scrub 
Open 



Djablo-Olla Assemblage 

The base cenogram for the Diab1o-011a assemblage 

(Tables 19, 20; Figure 19) shows two offsets in body 

weights. This first is between 871g (Nekrolagus) and 

48,000g (Tetrameryx), has a value of 4.01 1n units, and 

occurs between medium- and large-sized herbivores. The 

second offset occurs between Pewelagus (628g) and Neotoma 

(246.5g), has a value of 0.93 1n units, and separates 
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sma11- and medium-sized herbivores. It is the second offset 

that, according to Legendre (1986) and Gunnell (1994) is of 

significance in interpreting the Diab1o-01la cenogram. 

According to Gunnell (1994), the 0.93 value is suggestive of 

a woodland environment (Table 22). According to Legendre 

(1986), the presence of the gap only suggests an "open 

environment. 

Based on Legendre (1986, figure 11) (Figure 29), visual 

inspection of the regressed cenogram for this assemblage 

(Figure 21a) is closest to curve 11d (Figure 29d), which is 

for a predesert environment. This interpretation is 

consistent with that suggested by the visual offset that the 

Diablo-Olla assemblage inhabited an "open" environment. 

This interpretation appears to conflict with that suggested 

by the offset value which implies a woodland environment 

rather than a predesert. The inference that the Diablo-Olla 

assemblage inhabited an "open" environment is in agreement 

with the environmental interpretation based on actualistic 
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data. However, the specific type of environment from the 

actualistic analysis is inferred to be a savannah, not a 

predesert or a woodland. The differences in interpretation 

most probably are due to the effect the small sample size 

has on the shape of the cenogram. 

According to Legendre (1986), the offset between 

Pewe7agus and Neotoma indicates that the Diablo-Olla 

assemblage should plot as two distinct curves formed by the 

data points for the medium/large- and small-size taxa 

(Figure 19). Values for the slope of each curve and the 

corresponding r-values are shown in Table 20. The large 

difference in slope values indicate that body weights were 

not homogeneously distributed across the entire assemblage. 

This is evident in the medium/large body weight curve where 

a pronounced gap occurs between the medium and large body 

weights. The excellent r-values indicate that the data 

points in each curve closely approximate a straight line. 

The slope of the regressed curve for the Diablo-Olla 

medium/large mammalian primary consumers is -1.06 (Figure 

21a). According to Gunnell (1994), this slope value 

suggests that the Diablo-Olla assemblage inhabited an area 

under a dry paleoclimate (Table 21). The large difference 

in slope values (Table 20) between the medium/large and 

small body weight curves is also suggestive of arid 

environments (Legendre, 1986). 
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The interpretation of a dry paleoclimate suggested by 

the slope value and difference in slope values is rejected, 

as is the interpretation of a predesert environment. These 

interpretations are rejected because the paleobotanical data 

from the Diablo and Olla "members" suggest a mesic climate 

with seasonal rainfall (tree rings) in an oceanically 

moderated, humid or subhumid paleoclimate by the presence of 

Jug7ans (walnut) in the paleoflora (Remeika et al., 1988). 

The steep slope for the Diablo-Olla medium/large herbivore 

curve is more likely a reflection of the small number of 

data points forming the curve. The small number of large 

herbivores in this assemblage may be due to taphonomic 

processes (collector bias and sediment reworking by the 

Colorado River) or inhospitable environmental conditions on 

the delta plain for some large herbivores. 

The slope of the curve for the Diablo-Olla small 

mammalian primary consumers (-0.47) is suggestive of the 

minimum prevailing paleotemperatures. Neither Legendre 

(1986) nor Gunnell (1994) quantified the slope values to 

distinguish between temperature ranges. Qualitative 

paleotemperature estimates can only be made by inspection of 

reference cenograms (Figure 29). At best, the visual 

inspection suggests warm paleotemperatures, a suggestion 

that appears consistent with that obtained by paleoclimate 

proxies in the Palm Spring Formation. 
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The base cenogram for the Oiab10-011a assemblage 

(Figure 19) shows the community structure based on body 

weight distribution. This cenogram clearly shows that there 

are three body weight components present (i.e., small, 

medium, large) and that there is a much larger offset in 

body weights between the medium and large herbivores than 

between the medium and small herbivores. 

Huesos-Tapjado Assemblage 

The Huesos-Tapiado assemblage (Tables 19, 20; Figures 

20, 21b) exhibits a greater diversity of genera of mammalian 

primary consumers than the Oiablo-Olla assemblage, with the 

range of body weights increased in all size classes (Table 

19). The increase in diversity ;s due primarily 

to immigrants from South America, Eurasia, and other parts 

of North America (Chapter 5). 

It is possible that the analysis of the Huesos-Tapiado 

assemblage might be skewed by including the taxa from the 

Tapiado "member" as this "member" represents a restricted 

pa1eohabitat not present earlier or later. However, Table 4 

shows that, with the exception of Dinohippus and 

Hydrochoerus, all the Tapiado mammalian herbivores also 

occur in the Huesos member. Exclusion of Dinohippus has no 

effect on the results because its body weight is also 

represented by £quus. Hydrochoerus is retained in the 

analysis because the inclusion or omission of its data point 

does not change the values for r, m, and b. 
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An offset between small and medium/large primary 

consumers still exists and occurs, as in the Oiablo-Olla 

assemblage, between Pewelagus and Neotoma (Figure 20). The 

offset value is 0.93. As for the Oiablo-Olla assemblage, 

the environmental interpretation of the offset ;s the same, 

the presence of the offset suggests an "open" environment 

while the offset value infers a woodland (Table 22). 

The presence of the offset between the small- and 

medium/large-sized herbivores indicates that these two body 

weight components can be analyized separately (Legendre, 

(1986). The slopes for these two curves (respectively, 

-0.29 and -0.25), indicate that these are nearly parallel 

lines. Values for r indicate that both curves closely 

approximate straight lines (Table 20). The similarity in 

slopes suggests that the genera/subgenera are homogeneously 

distributed across the range of possible body weights in 

two, discrete size components (Legendre, 1986). The 

homogeneous distribution of body weights is suggestive of 

either a for~sted or savannah environment; the offset favors 

a savannah type of environment (Legendre, 1986). 

Visual inspection of the regressed Huesos-Tapiado 

cenogram;c curve (Figure 21b) shows that it is most similar 

to cenogramic curve 11b of Legendre (1986). This curve is 

that of a tropical, wooded savannah. This environment is 

transitional between the closed canopy of a true forest and 

the widely scattered or clumped distribution of trees in a 
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true savannah (i.e., a parkland) (Owen, 1976; Leuthold, 

1977; Webb, 1977; Walter, 1985). The interpretation of the 

environment as a wooded savannah is in good agreement with 

that obtained by the actualistic analysis. The 

environmental interpretation also appears to agree with that 

suggested by the offset values (Table 22), if the woodland 

category can be inferred to cover a parkland. 

The value of the slope of the regressed cenogramic 

curve for the Huesos-Tapiado medium/large mammalian primary 

consumers is -0.29. This value falls within the subhumid 

range (Table 21) (Gunnell, 1994). The similarity in slope 

values between the small- and medium/large-body weights also 

infers a mesic paleoclimate (Legendre, 1986). The 

paleoclimatic interpretation of this value must be treated 

with some caution. Mammals with a preference for 

perennially wet habitats, Castor, Hydrochoerus, and Tapirus, 

occur in this assemblage below CU 55.5. The early phase of 

this assemblage also includes the time when the Tapiado lake 

was in existence. However, the sedimentological evidence 

given in the paleoclimate section of this chapter suggests a 

drying trend during the latter part of the time span for 

which this assemblage existed. 

The slope of the regressed cenogramic curve for the 

Huesos-Tapiado small mammalian primary consumers (-0.25) 

suggests that paleotemperatures in the FCVC area were warm 

year-round. This result is an empirical determination based 
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on a comparison of this curve (Figure 21b) with that for the 

small mammals in figure 11b of Legendre (1986) (Figure 29b). 

This result is consistent with that obtained from 

paleoclimate proxies in the Palm Spring Formation. 

The distribution of body weights across all size 

classes is more homogeneous and nearly continuous in the 

Huesos-Tapiado assemblage. The continuity is broken by the 

offset between Pewe7agus and Neotoma (0.93 ln units), an 

offset between Lepus and Sy7vi7agus (1.50 ln units), and 

offset between Castor and Coendou (1.45 ln units). Within 

the large and small mammalian herbivore curves, the 

distribution of body weights is both homogenous and 

continuous. 

Based on the discussion of paleohabitats, there was 

little or no change in the paleohabitats between the Oiablo

Olla and Huesos-Tapiado assemblages other than the shift in 

the course of the Colorado River and the formation of the 

Tapiado lake. The change in position of the delta of the 

Colorado River seems to have had little effect on the 

paleoenvironment, it remained an "open" environment. The 

preferred environmental interpretation for the Oiablo-Olla 

assemblage is provided by the actualistic analysis, i.e., 

the Colorado delta was a savannah with gallery forests. 

Correspondence between the actualistic and cenogram analyses 

favors a wooded savannah for the Huesos-Tap;ado assemblage. 

This further implies that there was little change in the 
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paleohabitats with a change in river systems. 

Other than an increase in the number of genera in the 

Huesos-Tapiado assemblage, the structure of the mammalian 

component of the paleocommunity remained unchanged. There 

is well-defined grouping of mammalian herbivores into small, 

medium, and large body weight components. Based on offsets, 

the large body weight genera appear to be more strongly 

separated from the medium body weight genera than the latter 

are from the small body weight genera. The appearance of 

immigrant taxa in the Huesos-Tapiado assemblage had the 

effect of homogenizing body weights within the large and 

small body weight components. The addition of medium-sized 

taxa (Coendou and Lepus) near the high end of the medium 

size range, gives a greater degree of continuity in body 

weight distribution not seen in the Oiablo-Olla assemblage. 

Early Blancan Assemblage 

The second approach to the cenogramic analysis of the 

mammalian component of the FCVC paleocommunity is to divide 

the paleocommunity into temporal assemblages corresponding 

to the early Blancan, late Blancan, and Irvingtonian. 

Viewing the collection this way divides it into different 

segments of time than are represented by the Oiablo-Olla and 

Huesos-Tapiado assemblages. These divisions also rearrange 

some of the genera into different assemblages so that it can 

be seen if the paleoenvironmental and paleoecologic 

interpretations given above remain consistent. 
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In particular, dividing the paleocommunity into these 

temporal assemblages has the potential to determine if the 

paleocommunity underwent significant restructuring caused by 

immigration events marking the late Blancan and early 

Irvingtonian. 

In the early Blancan assemblage (Tables 19, 20; Figures 

22, 25a) an offset occurs between small- and medium/1arge

sized mammals. The gap here is between Pewe7agus and 

Neotoma. The offset is indicative of an "open" environment 

(Legendre, 1986). The offset has a value of 0.93 1n units, 

implying a woodland environment (Table 22). A more 

pronounced offset (3.4 1n units) occurs between Nekro7agus 

and Capromeryx. According to Legendre (1986) and Gunnell 

(1994), only the offset between the small and medium/large 

body weight taxa is used for paleoenvironmental 

interpretation. 

The regressed cenogram for the early Blancan (Figure 

25a), visually, most closely resembles figure 11c of 

Legendre (1986) (Figure 29c), which is the cenogram for a 

tropical savannah. Interpretation of the paleoenvironment 

as a savannah refines the "open" environment inference 

suggested by the small-medium/large body weight offset. The 

savannah interpretation is in agreement with that obtained 

from the actualistic analysis, but not with that provided by 

Gunnell's (1994) correlation of offset values with 

environment which is for a woodland. 
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The offset between the small and medium/large 

herbivores indicates that the data points for these two size 

components can be analyzed as two separate curves (Legendre, 

1986). Table 20 shows that the r-values for each curve are 

very good so that the data points in each curve closely 

approximate a straight line. Slope values for the small and 

medium/large herbivore curves (-0.44 and -0.68, 

repsective1y) are not similar, suggesting that body weights 

were not homogeneously distributed between these size 

components in this temporal phase of the paleocommunity 

(Legendre, 1986). 

The early Blancan medium/large herbivore curve has 

slope value of -0.68 which lies within those suggestive of a 

dry environment (Gunnell, 1994) (Table 21). The 

dissimilarity in slope values between the small and 

medium/large herbivore curves is also suggestive of 

relatively dry environment (Legendre, 1986). The 

interpretation of a dry environment during the early Blancan 

is rejected on the basis of the paleoclimate proxies 

presented in the paleoclimate section of this chapter. 

These proxies and climate models for the western United 

States infer a mesic climate during the early Blancan. The 

degree of aridity inferred from the early Blancan cenogram 

is the same as that from the Diablo-Olla cenogram. As for 

the paleoclimatic interpretation of the Diablo-Olla 

assemblage, that for the early Blancan ;s probably biased to 
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some degree by its small sample size. Because the early 

Blancan assemblage encompassed the Oiab1o-011a assemblage, 

the reasons for its probable bias are the same. 
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The slope of the curve for the small mammalian 

herbivores in the early Blancan assemblage (-0.44) (Figure 

25a) is most similar to for 29b in Figure 29, a tropical 

savannah. The inference from this result is that the early 

Blancan paleotemperatures were warm. This inference is in 

agreement with the year-round warm paleotemperature 

suggested paleoclimate proxies from the Palm Spring 

Formation. 

The community structure, as shown in the shape of the 

cenogram, clearly shows that the early Blancan assemblage 

consisted of discrete components of sma11- and medium/large

sized genera. The large herbivores are clearly separated 

from the medium and small herbivores by an offset of 3.4 1n 

units, which is signifcantly greater than the 0.93 ln unit 

offset separating the small and medium herbivores. Within 

each size component it appears that body weights were 

homogeneously distributed. 

Late Blancan Assemblage 

The late Blancan assemblage (Tables 19, 20; Figures 23, 

25b) contains South American immigrants such as 

Nothrotheriops and Hydrochoerus as well as some Eurasian 

immigrants such as £uceratherium. This assemblage is more 

diverse than the early Blancan (38 vs. 25 genera/subgenera) 
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despite the extinction of some genera such as Hypo7agus. 

An offset between the small- and medium/large-sized 

herbivores occurs between Pewe7agus and Neotoma and has a 

value of 0.93 ln units (Figure 23, Table 20). The offset 

suggests that the late Blancan assemblage inhabited an 

"open" environment (Legendre, 1986), while the offset value 

suggests a woodland (Gunnell, 1994). 

The small-medium/large offset indicates that the late 

Blancan herbivores form two discrete size components and 

that the curve for each component can be analyzed separately 

(Legendre, 1986). The data points forming each curve very 

closely approximate a straight line as indicated by the 

excellent r-values (Table 20). The slope value for each 

size component curve is identical, -0.31. The identical 

slope values suggest a very homogeneous distribution of body 

weights between the two size components. 

Visual inspection of the late Blancan regressed 

cenogramic curve (Figure 25b) and comparison with the 

reference curves in Figure 29 indicates that this curve is 

most similar to that for a tropical, wooded savannah or 

parkland (Figure 29b) (Legendre, 1986). This interpretation 

is in agreement with that obtained from the actualistic 

analysis and also agrees with that suggested by the 

small/medium offset value, if woodland can be defined to 

include parkland. 
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The slope value for the late Blancan medium/large 

herbivore curve is -0.31. This value falls within Gunnell's 

(1994) range for seasonal rainfall (Table 21). The identity 

in slope values for the small and medium/large herbivore 

curves only suggests a relatively mesic climate, but not the 

precipitation pattern (Legendre, 1986). A seasonal rainfall 

pattern implies relatively drier conditions (Ruddiman and 

Kutzbach, 1989; Forester, 1991; Smith et a1., 1993), a trend 

that is suggested by the late Blancan paleoclimate proxies 

in the Palm Spring Formation. There is a change to smaller 

slope values between the early and late Blancan (-0.68 to 

-0.31), suggesting that there was a change to relatively 

mesic conditions in the FCVC area during the late Blancan. 

The dry-to wet interpretation is rejected because the 

paleoclimatic data (this chapter) suggest a mesic early 

Blancan and relatively drier late Blancan. Rather, the 

inference is a change from a mesic early to a relatively 

drier late Blancan. 

Interpretation of the slope of the regressed cenogramic 

curve for the late Blancan small mammalian herbivores 

(-0.31) can only be made by reference to Legendre's (1986) 

reference cenograms (Figure 29). Reference to Figure 29 

indicates that this curve is most similar to that for a 

tropical, wooded savannah (Figure 29b). Given this 

interpretation, it can be assumed that the late Blancan 

assemblage lived under year-round warm paleotemperatures. 
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This assumption is supported by the paleoclimate proxies in 

the Palm Spring Formation. The change in slope values 

between the early and late Blancan ;s not very great (Table 

20), implying that paleotemperatures did not change very 

much between the early and late Blancan. 

When the late Blancan cenogram is looked at as a whole 

(Figure 25b), it can be seen that the small and medium/large 

mammalian herbivores form two curves with identical slopes. 

within their respective parts of the curves, the genera 

exhibit a fairly homogeneous distribution among body 

weights. The distribution of body sizes along the curves, 

the slopes, and the gap ;n the medium-size body weights 

(i.e. the community structure) is indicative of a tropical, 

wooded savannah (Legendre, 1986). The late Blancan base 

cenogram (Figure 23) shows that the medium-sized genera form 

a discrete size component separated by a 1.45 ln unit offset 

(Castor-Coendou) from the large-sized genera as well as 

being separated from the small-sized genera by the 0.93 ln 

unit offset. The medium-sized genera act as a "stairstep" 

connecting the small and large body weight components, and 

provide a degree of continuity to the body weight 

distribution. 

There appears to have been little or no change in the 

community structure between the early and late Blancan 

assemblages in the FCVC area even though diversity increased 

in the late Blancan from 25 to 38 genera/subgenera of 
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mammalian herbivores (Table 20, Figures 22, 23). The early 

and late Blancan cenograms have the same basic shape, even 

though the slopes for each body weight curve differ. Three 

body weight components can be recognized in each assemblage, 

with an identical offset between the small and medium/large 

herbivores. The degree of homogeneity was somewhat less in 

the early Blancan assemblage compared to that for the late 

Blancan. Nearly all the diversity increase in the late 

Blancan occurred within the large herbivore component and 

the upper end of the medium weight component (Table 20, 

Figures 22, 23). 

Early Iryingtonian Assemblage 

Diversity of genera/subgenera of mammalian herbivores 

in the early Irvingtonian assemblage (Tables 19, 20; Figure 

24) is high (37) compared to the early Blancan (25) and 

similar to that for the late Blancan (38). Like the base 

cenogram for the early and late Blancan assemblages, that 

for the early Irvingtonian shows an offset between the small 

and medium/large herbivores (Sy7vilagus - Neotoma). The 

offset is probably indicative of an "open" environment in 

the FCVC area during the early Irvingtonian (Legendre, 

1986). The offset has a value of 1.14 ln units, suggesting 

that the environment was a scrubland (Table 22). 

The early Irvingtonian base cenogram (Figure 24) shows 

the division of the mammalian herbivores into two discrete 

groups; one consisting of genera/subgenera greater than 
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500g and one consisting of genera less than 500g. The 

small-medium/large offset indicates that the data points for 

each size group can be treated as separate curves. Slope 

values for each curve are rather similar and the r-va1ues 

indicate that the data points for each curve closely 

approximate a straight line (Table 20). The rather similar 

slope values suggest a homogeneous distribution of body 

weights between the two size groups, although inspection of 

Figure 24 suggests some discontinuity in the medium-sized 

body weights (i.e., the "stairstep" containing the medium

sized genera). 

Visual comparison of the early Irvingtonian regressed 

cenogram (Figure 25c) with the reference cenograms indicates 

that this cenogram is most similar to that for a tropical, 

wooded savannah (Figure 29b). This interpretation is in 

agreement with that obtained from the actua1istic analysis, 

but differs from that suggested by the offset value 

(scrubland). 

The slope of the regressed cenogramic curve for the 

early Irvingtonian large mammalian primary consumers is 

-0.38. This value is suggestive of a paleoclimate dominated 

by a seasonal rainfall pattern (Gunnell, 1994) (Table 22). 

This interpretation suggests that the relatively drier late 

Blancan paleoclimate continued into the early Irvingtonian. 

This interpretation is consistent with that suggested by the 

paleoclimate proxies and models for a relatively dry early 
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Irvingtonian paleoclimate with a seasonal rainfall pattern. 

The upward-fining sequences and V'ew of Badlands 

conglomerate suggest occasional periods of extreme 

precipitation punctuated the overall trend of a relatively 

drier paleoclimate during this time. 

The slope of the regressed cenogramic curve for the 

early Irvingtonian small mammalian primary consumers 

(-0.29) suggests a paleotemperature regime of year-round 

warmth and is implied by reference to the most comparable 

modern analogue cenogram, a tropical, wooded savannah 

(Figure 29b). This curve is nearly identical to that for 

the late Blancan (-0.31), suggesting no change in 

paleotemperature between these two NALMAs. The 

paleotemperature interpretation from the cenogram is 

consistent with that suggested by paleoclimate proxies in 

the Palm Spring Formation. 

The early Irvingtonian base cenogram (Figure 24j shows 

the community structure for the early part of that NALMA. 

The mammalian primary consumers are homogeneously 

distributed among the range of large and small body weights. 

The homogeneity breaks down in the medium-sized range. The 

medium-sized genera, Coendou and Sy7vi7agus, act as a 

"stairstep" connecting the more internally uniform small and 

large herbivore size components. Additional offsets occur 

within the medium-sized genera (1.72 1n units) and between 

the large- and medium-sized genera (1.80 1n units). These 



offset values are larger than those between the small and 

medium body weights, 
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The early Irvingtonian cenograms (Figures 24, 25c) are 

very similar to those for the late Blancan (Figures 23, 25b) 

and somewhat similar to those for the early Blancan (Figures 

22, 25a); consisting of distinct and separate groupings of 

large, medium, and small mammals separated by offsets and a 

"stairstep", Within each of the two size groupings in each 

base cenogram, there is wide and homogenous distribution of 

body weights, The inference is that community structure 

remained constant from the early Blancan to early 

Irvingtonian. Diversity increases from the early to late 

Blancan and remains essentially constant from the late 

Blancan to early Irvingtonian. Visual inspection shows that 

the overall shape of each set of regressed cenograms ;s 

closest to the reference cenogram for some type of savannah. 

The paleotemprature interpretation is consistent among the 

three sets of temporal cenograms. The degree of aridity 

inferred from the cenograms is inconsistent with that 

suggested by the paleoclimate proxies for the early Blancan, 

but is consistent for the late Blancan and early 

Irvingtonian. 

Thus, it seems apparent that when the FCVC collection 

is divided into temporal assemblages based on NALMAs and 

subivisions of them that the same paleoenvironmental and 

paleocommunity signals persist and that these sign~ls are 
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the same as when the collection is divided into assemblages 

based on major lithofacies. 

Comparing the late Blancan and early Irvingtonian 

cenograms can indicate what change, if any, occurred in the 

FCVC paleocommunity across the Blancan-Irvingtonian 

boundary. The late Blancan assemblage can be used without 

the early Blancan assemblage because the late Blancan 

assemblage includes genera/subgenera that survived up to and 

beyond the Blancan-Irvingtonian boundary. That is, the late 

Blancan assemblage includes taxa that would have been caught 

up in any changes occurring at the Blancan-Irvingtonian 

boundary. Comparison of the late Blancan and early 

Irvingtonian cenograms (Figures 23, 24, 25b,c, Table 20) 

suggests that there was no change in the structure of the 

paleocommunity across the Blancan-Irvingtonian boundary. 

Pa7eocljmatjc Assemb7age 1 

Paleoclimatic assemblage (PCA1) (Tables 19, 20; Figures 

26, 28a) encompasses that part of the Blancan (~4.0-2.0 Ma) 

prior to the onset of an apparent trend toward a dryer 

paleoclimate in the FCVC area. 

An offset occurs in the PCA1 base cenogram (Figure 26) 

between Pewe7agus and Neotoma and has a value of 0.93 ln 

units. The presence of the offset, according to Legendre 

(1986), suggests that the paleoenvironment consisted of an 

"open" rather than a "closed" vegetation structure. The 

value of the offset suggests a woodland (Table 22). 
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The offset in the PCA1 base cenogram (Figure 26) shows 

that the data points for the medium/large and small 

herbivores each form a separate curve and indicates that 

these two curves can be analyzed separately (Legendre, 

1986). The slopes for these two curves (Figure 28a) are not 

identical (Table 22), but the difference in slopes (6') is 

not very large and suggests homogeneity in the body weight 

distribution between the two curves (Legendre, 1986). The 

r-values for each curve are very high and indicate that the 

data points in each curve closely approximate a straight 

line. 

Visual comparison of the regressed cenogram for peA1 

(Figure 28a) to reference cenograms of Recent ecosystems 

(Figure 29) suggests that the most suitable modern analogue 

is that for a tropical savannah (Figure 29c). This is in 

agreement with the paleoenvironmental interpretation 

obtained from the actualistic analysis, but suggests a much 

more "open" environment than that inferred from the offset 

value (woodland). 

When the data points for the medium/large mammalian 

herbivores in PCA1 are regressed, they define a line that 

has a slope of -0.58 (Figure 28a). This value falls within 

the range of values suggesting a dry paleoclimate (Gunnell, 

1994) (Table 22). This interpretation is rejected as it ;s 

inconsistent with the paleoclimate proxies in the Palm 

Spring Formation and the interpretations of Remeika et al. 
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(1988), Forester (1991), and Smith et al. (1993) that 

suggest a mesic climate in the western United States during 

this time. As discussed for the Diablo-Olla and early 

Blancan assemblages, the paleoclimatic interpretation for 

peA1 ;s possibly skewed because of the small number of data 

points in the medium/large herbivore curve (15). 

Interpretation of the slope for the small mammalian 

herbivores in peA1 (-0.44) (Figure 28a) requires reference 

to Figure 29. Visual inspection shows that this curve is 

most similar to curve 29c in that figure which is for a 

tropical savannah. A warm paleotemperature regime is 

inferred (Legendre, 1986) and is consistent with the 

paleotemperature regime inferred by the paleoclimate proxies 

in the Palm Spring Formation. 

The small, medium, and large herbivores in peA1 form 

discrete groups with the medium-sized genera separated from 

the large-sized genera by an offset of 1.8 ln units 

(Capromeryx - Coendou). Within the medium-sized genera 

there is an additional offset of 1.6 ln units (Coendou -

Nekro7agus). The overall shape of the base cenogram (Figure 

26) is of homogeneous body weight distributions within the 

small and large herbivore components and a non-homogeneous 

distribution within the medium-sized genera that are 

separated from the small and large herbivores by offsets. 

peA1 represents the community structure prior to the 

one paleoclimatic event for which some evidence exists in 
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Figure 29. Cenograms of faunas from modern ecosystems. Curves are 
regression lines of body weight versus species for the primary consumers in 
each fauna. (a) High Ivindo (Gabon): tropical rainforest; (b) Kagera Park 
(Rwanda): tropical, wooded savannah; (c) Rutshuru (Zaire): tropical 
savannah; (d) Northern Sahara (Algeria): predesert; (e) Aghbo1agh (Iran): 
deserti (f) Doftana (Spain): Mediterranean arid zone. From left to right 
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environments. Reproduction of Figure 11 of Legendre (1986). 
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the FCVC section, a change to drier paleoclimates around 

2.0 Ma. 

Paleoclimatic Assemblage 2 
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Paleoclimatic assemblage 2 (PCA2) spans the time from 

about 2.0 to 0.9 or 0.7 Ma (Tables 19, 20; Figures 27, 28b). 

PCA2 shows an increase in diversity over PCAl because of the 

presence of immigrants from Eurasia and other areas of North 

America near the Blancan-Irvingtonian boundary. An offset 

occurs between the small and medium/large herbivores 

(Pewelagus - Neotoma) and has a value of 0.93 ln units. The 

gap indicates that the genera in this assemblage inhabited 

an "open" rather than a "closed" environment (Legendre, 

1986). The offset value suggests a woodland environment 

(Table 22). 

The presence of the offset between the small and 

medium/large herbivores indicates that the data points for 

these two size groups form two separate curves and can be 

treated as such. Both curves closely approximate a straight 

line as shown by the very high r-va1ues (Table 20). The 

slopes for the two curves are nearly identical (Table 20), 

suggesting a homogeneous distribution of body weights 

between the two size groups (Legendre, 1986). 

Visual inspection of the regressed cenogram (Figure 

28b) for PCA2 shows that this cenogram is most comparable to 

that for a tropical, wooded savannah (Figure 29b). The near 

identity of the slope values is also suggestive of a 
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savannah-type of environment (Legendre, 1986). The wooded 

savannah interpretation is consistent with that obtained 

from the actual;stic analysis and the small-medium/large 

offset value (if woodland can also infer a parkland). 

The slope for the curve for the large mammalian 

herbivores (Figure 28b) in PCA2 is -0.31. This value lies 

within the range of slope values suggestive of a seasonal 

rainfall pattern (Gunnell, 1994) (Table 21). The 

paleoclimatic interpretation of this value is consistent 

with evidence in the paleoclimate section of this chapter 

that suggests a drier paleoclimate in the FCVC area after 

2.0 Ma. 

Comparison with Figure 29 shows that the PCA2 small 

mammal curve (slope = -0.28) (Figure 28b) is most similar to 

curve 11b, which is for a tropical, wooded savannah. The 

interpretation is that PCA2 lived in a warm paleotemperature 

regime. This is consistent with the paleotemperatures 

inferred by proxies in the Palm Spring Formation. 

When the entire cenogram for PCA2 is viewed (Figure 27) 

it can be seen that the curves for the small and large 

mammalian herbivores are nearly identical, as suggested by 

their very similar slopes. Both curves have homogeneous 

distributions of body weights (Table 19). The distribution 

of body weights within each component suggests that PCA2 

consists of an array of widely adapted genera. The medium

sized genera are separated from the small-sized genera by 
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the 0.93 1n unit offset. An offset of 1.45 1n units 

separates the medium-sized genera from the large-sized ones 

(Castor-Coendou). An offset of 1.5 1n units occurs within 

the medium-sized genera (Lepus-Sy7vi7agus). Like the 

cenogram for PCA1 (Figure 26), that for PCA2 (Figure 27) 

shows uniform body weight distributions within the small and 

large herbivores, but a non-uniform distribution within the 

medium-sized herbivores. 

The base cenograms for PCA1 and PCA2 (Figures 26, 27) 

have similar shapes; distinct curves with homogenous body 

weight distributions for large and small mammalian 

herbivores separated by a "stairstep" consisting of the 

medium-sized herbivores. Visual comparison with reference 

cenograms shows that the regressed cenograms for PCA 1 and 

PCA2 (Figure 28) are most similar to the reference cenograms 

for a type of savannah (Figure 29b,c). In terms of 

paleohabitat, it appears that there was no change in the 

FCVC area with the shift from a relatively wet to a 

relatively dry paleoclimate. Based on the reference 

cenogram it is also inferred that the paleotemperatures 

remained warm. Most significantly, it appears that there 

was no change in community structure with the shift toward a 

drier climate. 

Discussion 

It must be emphasized that the results of the cenogram 

analysis and the interpretation of those results produce 
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only broad generalizations based on theoretical assumptions 

and observations. The cenograms are most informative for 

their heuristic value. The slopes of the regressed 

cenogramic curves can have values calculated for them. 

Interpretation of cenograms is primarily accomplished by 

comparison of slope values from one cenogram to another and 

with those for modern analogues. At this stage in the 

development of the cenogram method, the range of values for 

the slope for the large mammal curve can be tentatively 

correlated with the degree of aridity in the environment 

(Gunnell, 1994). Correlation of the range of slope values 

for the small mammal curve with a specific temperature range 

is, presently, entirely based on comparing the regressed 

cenogram with Legendre's (1986) modern analogues (Figure 

29). The cenogramic curves are reliable indicators of 

community structure, if community structure is defined as 

the range of body weights in the community. 

The cenogram and actualistic analyses appear to 

converge on the same conclusion, namely, that the FCVC 

paleocommunity had a structure based on body size. The 

convergence of interpretation from two different methods of 

analysis lends confidence to the paleoecolosic study. The 

actualistic analysis complements the cenogram analysis by 

providing information (e.g., feeding preferences, locomotor 

style) that cannot be obtained from the cenograms. 
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As an example, the structure of the FCVC paleocommunity 

through time is illustrated by the cenograms for the early 

Blancan, late Blancan, and early Irvingtonian (Figures 22-

25). These cenograms show a community structure of primary 

consumer genera based on body size. The ecologic 

significance of body size was discussed earlier in this 

chapter and further discussion can be found in Peters (1983) 

and articles in Damuth and MacFadden (1990). Community 

structure based on body size simply shows the distribution 

of body sizes over the number of species present in a 

community. This is a measure of evenness within the 

community. That is, are there sufficient resources within 

the occupied habitats of the community to allow the 

establishment of the home ranges necessary for each 

population of species in the community? Most importantly, 

will this situation permit a breeding population and its 

offspring to exist in those habitats? Habitats with few 

resources, such as deserts and steppes, can only support a 

limited number of species compared to a tropical rainforest 

or a temperate forest. This limitation is reflected in the 

distribution of body sizes in that habitat (Peters, 1983). 

Fewer resources mean that species will be unable to overlap 

in their environmental requirements. This will tend to 

produce a more "compartmentalized" community structure with 

each "compartment" occupied by a species with a distinct 

body size rather than a partial or complete sharing of 
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"compartments" by species with overlapping body sizes. 

Fewer resources mean fewer "compartments" and hence a 

narrower range of body sizes. The narrower range of body 

sizes is shown on the cenograms by the steeper slopes of the 

curves (Figure 29d-f) (Legendre, 1986). The opposite 

situation prevails in those habitats that are resource-rich, 

such as tropical rainforests. These habitats can support 

many more species and this is reflected in the longer curves 

with gentle slopes and an essentially continuous 

distribution of body sizes (Figure 29 a,b) (Legendre, 1986). 

The temporal cenograms for the FCVC paleocommunity 

(Figures 22-25) show gentle slopes and an essentially 

homogeneous body size distribution, for mammalian 

herbivores. This indicates that, at any time, the 

paleocommunity contained a broad range of body sizes (i.e., 

high species diversity). The inference is that the FCVC 

paleocommunity inhabited a resource-rich environment that 

permitted a large degree of species diversity. 

Given the limited set of c~nograms for modern ecosytems 

supplied by Legendre (1986), the cenogram analysis appears 

to yield reasonable results about the vegetation structure 

when the interpretation is based on comparison with the 

reference cenograms. The offset values calculated by 

Gunnell (1994) to infer vegetation structure yield 

interpretations (i.e., woodland, scrubland) that do not 

agree with those inferred from the reference cenograms and 
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the actualistic analysis (i.e., a type of savannah). This 

disparity in interpreting the vegetation structure indicates 

that caution must be used in making paleoenvironmental 

inferences from cenograms. 

The most important observation from the analysis of the 

cenograms for the FCVC data is that, no matter what criteria 

are used to group the data, the FCVC cenograms (Figures 19-

28) consistently have the same shape. Data points for 

medium- and large-sized mammals (>5,000g) plot as a 

separate curve, as do those for the small-sized mammals 

«500g). An offset separates the two curves. This 

observation suggests that the FCVC area remained an "open" 

paleoenvrionment for nearly 3.1 or 3.3myr. 

Slope values for the small- and medium/large-sized 

mammalian herbivore curves differ among the FCVC cenograms, 

but comparison with the reference cenograms of Legendre 

(1986) consistently show that, with the exception of the 

Diablo-Olla assemblage, the FCVC cenograms are most 

comparable with those for a savannah or wooded savannah and 

that this paleohabitat remained stable throughout the 

Blancan and early Irvingtonian despite changes in 

paleoclimate and paleoenvironment (delta plain or 

braidplain). The consistency of these observations suggest 

confidence in the paleohabitat interpretation for the FCVC 

data. 
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The consistency to the shape of the FCVC c~rI0~r~ms also 

suggests a degree of stability in the community structure, 

even though there were changes in paleoclimate, 

paleoenvironment, and taxonomic composition. In each base 

cenogram (Figures 19-20, 22-24, 26-27) the large mammal data 

points form a straight line with a smooth transition from 

those with the lowest to the highest body weights in this 

size class component, i.e. a homogeneous distribution of 

body weights. This is borne out by the consistently high 

r-values (Table 20). This is so regardless of the number of 

data points forming the curve, e.g., the Oiablo-Olla large 

mammal curve with six data points and the Huesos-Tapiado 

with 20 data points. Body weights for the large mammalian 

primary consumers range from 18,500g (Castor) to 

3,OOO,000g (Proboscidea) (Table 19). These properties of 

the large mammal curve, especially its smoothness, suggest 

that sufficient niche-space, based on body weight, was 

available in the FCVC area to permit changes in the 

taxonomic composition of large mammalian herbivores without 

changing the structure of the large mammal component of the 

paleocommunity. 

In each base cenogram, the curve for the small 

mammalian herbivores also shows a homogeneous distribution 

of body weights (8g, Baiomys, to 246.5g, Neotoma) as borne 

out by the excellent r-values (Table 20). This also 

suggests that sufficient niche-space, based on body weight, 
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was available in the FCVC area to allow changes in the 

taxonomic composition of small mammalian herbivores without 

changing the structure of this component of the 

paleocommunity. 

The medium-sized mammalian herbivores are consistently 

separated from the small and large herbivores by offsets. 

The offset between the small- and medium-sized herbivores ;s 

always less than the offset between the med;um- and large

sized herbivores. Within the medium-sized herbivores, the 

smaller genera, Pewelagus, Hypolagus, Sylvilagus, and 

Nekrolagus, consistently define a subgroup within the 

medium-size range. This subgroup is separated from the 

larger medium-sized genera, Coendou and Lepus, when present, 

by an offset whose value is consistently greater than that 

separating the small- and medium-sized herbivores. The 

structure of the medium-sized component of the 

paleocommunity suggests that body weights were not 

homogeneously distributed among this group. 

During the Blancan and Irvingtonian the FCVC ecosystem 

apparently had the ability to accept immigrants from South 

America, Eurasia, and other areas of North America without 

major attendant extinctions of pre-existing species. This 

suggests that the FCVC ecosystem was one that could provide 

sufficient niche-space for the immigrants without disrupting 

the current inhabitants. Examination of Tables 1 and 19, 

Figures 22-24, and Plate 2 shows that the FCVC ecosystem 
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consisted of a suite of "core species" that originally 

inhabited the area and persisted for geologically 

significant lengths of time (Table 18). These "core 

species" constitute the base-line paleoecologic signal. The 

"core species" were apparently tolerant of immigrants. The 

immigrants refine the paleoecologic signal. It also appears 

that the immigrant species were also tolerant of additional 

immigrants. South American immigrants entered the FCVC area 

about 800 Ka before the majority of the Eurasian immigrants, 

but were not displaced by the Eurasian species. Immigrant 

and pre-existing species may have been able to survive and 

co-exist because they occupied different niches and were 

able to avoid competition. 

The displacement of the Archaeolaginae by the 

ecomorphic Leporinae is the only example of the extinction 

of one group of species and their replacement by another 

group of related species (White, 1984; White and Keller, 

1984). Inspection of the base cenograms (Figures 19-20, 22-

24, 26-27) shows that the most "unstable" region of the FCVC 

paleocommunity was in the medium-sized herbivores (e.g. the 

Lagomorpha) where faunal replacement (by both anagenesis and 

cladogenesis) occurred. 

Cenogram analysis of the FCVC data suggests that 

ecologic or environmental changes in the FCVC area between 

4.0 and 0.9/0.7 Ma had little effect on the structure of the 

mammalian component of the paleocommunity. An additional 
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conclusion is that the transition from the Blancan to the 

Irvingtonian involved only changes in the taxonomic 

composition of the mammalian component of the 

paleocommunity, and did not equate to ecologic restructuring 

of the paleocommunity. 

Confidence in the results obtained from the cenogramic 

analyses is indicated by the consistent and similar shapes 

of the cenogramic curves regardless of sample size or 

criteria used to group genera into assemblages. The regular 

and similar shapes of the curves indicate that the 

assemblages are consistent with respect to their diversity 

and homogeneity of body weights and that the diversity in 

each assemblage is essentially complete (Legendre, 1986). 

This conclusion suggests that the diversity changes in the 

FCVC assemblages are probably real events and the lack of 

any drastic reorganization in the paleocommunity structure 

over time reflects a real flexibility of the assemblages to 

accommodate ecologic and environmental changes. 
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The FCVC area is a geographically limited portion of 

the western side of the Salton Trough in southern 

California's Anza-Borrego Desert. A combination of 

volcanic, marine and non-marine rocks began to fill the 

Salton Trough possibly as early as 14.5 Ma, and certainly by 

5.5 Ma. Uplift associated with wrench-fault tectonics in a 

pull-apart basin caused uplift of the rocks in the FCVC 

area. 

Rocks in the FCVC area are divided into several 

formally named formations and members as well as a large 

number of informally named members. The lithostratigraphic 

unit of interest in this study is the Palm Spring Formation. 

This formation ;s divided into four informally named 

"members": Diablo, 011a, Tapiado, and Huesos. Vertebrate 

fossils are known from all four "members". Depositional 

environments represented by these "members" are 

predominantly fluvial, although the Tapiado "member" is 

mainly fresh-water lacustrine. The Diablo "member" is 

highly argillaceous and represents deposits of the Colorado 

River delta plain. The 011a "member" sediments are a 

sequence of alternating strata representing deposits of the 

Colorado River delta plain and sandy bedload stream deposits 

forming a braidplain adjacent to a bajada developed from the 

nearby foothills. The Tapiado "member" is a fresh-water 
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lake deposit, although its upper portion contains fluvial 

sediments laid down by a series of bedload streams. The 

predominantly sandy Huesos "member" is the product of 

bedload streams that dominated the sedimentary systems after 

the Colorado River changed course out of the FCVC area about 

3.0 Ma. 

The bedload stream deposits are most similar to those 

formed by braided stream systems. A distinguishing feature 

of the bedload stream deposits is the presence of upward

fining sequences. These are sequences that begin with very 

coarse, angUlar, "torrentially-bedded", arkosic sandstone 

and fine upward into siltstone or claystone. The upward

fining sequences possess great lateral extent (>1km) 

compared to their thicknesses (~3m). The upward-fining 

sequences probably represent episodic, catastrophic flood 

deposits. The upward-fining sequences are separated from 

each other by silty overbank deposits and sandy channel and 

bar deposits formed during "normal" stream flow conditions. 

The vertebrate fossil assemblage collected from the 

Palm Spring Formation is highly diverse. Remains of all 

vertebrate classes have been collected, although those of 

mammals are the most abundant and diverse. 

The collecting level system of Downs (pers. comm., 

1990) permits accurate biostratigraphic placement of 

fossil specimens collected from the "type section" of the 

Palm Spring Formation. The biostratigraphic ranges of all 
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mammalian specimens identified to genus, eQuid subgenus, and 

species are plotted on Plate 2. 

The biostratigraphic plot demonstrates that the FCVC 

section contains superimposed taxa characteristic of the 

Blancan and Irvingtonian NALMAs. Therefore the plot can be 

used to locate the boundary between the Blancan and 

Irvingtonian NALMAs in the FCVC section and correlate that 

boundary with more accuracy than has been done previously in 

North America. The boundary is based on the earliest 

appearance of Mammuthus in the section at collecting level 

56.0. Correlation of this collecting level by the local 

paleomagnetic stratigraphy to the standard magnetic polarity 

time scale indicates that the Irvingtonian began about 1.77 

Ma. This is slightly earlier than the defined Pliocene

Pleistocene boundary at 1.66 Ma. The extension of the 

biostratigraphic ranges of several characteristic 

Irvingtonian genera into the Blancan as well as the 

extension of characteristic Blancan genera into the 

Irvingtonian is demonstrated. This indicates that the 

change from the Blancan to the Irvingtonian was a transition 

rather than an abrupt faunal turnover. 

The taphonomic analysis presented is the first 

attempted for the FCVC vertebrate fossils; it shows that 

vertebrate fossils in the Palm Spring Formation accumulated 

in several ways. Predator accumulations appear to be 

confined to small animals and are based on remains obtained 



394 

from coprolites/pellets. Complete or partial skeletons are 

rare. Most specimens occur as isolated occurrences or 

scattered over a relatively large area catalogued as a 

single collecting locality. In those assemblages with ten 

or more specimens from a single locality there is minimal 

sorting into Voorhies' Groups. Most restricted assemblages 

contain skeletal elements belonging to all three Voorhies' 

Groups. Skeletal elements show varying degrees of 

weathering, but little evidence of fluvial transport. The 

great majority of specimens and localities occur in fine

grained sediments representing floodplain or uppermost 

braidbar deposits. The majority of specimens accumulated as 

surface lags and the main taphonomic biasing factor was pre

burial/pre-transport destruction rather than sorting by 

fluvial processes. This infers that the FCVC fossil 

assemblage preserves, to a large degree, the original 

taxonomic diversity and relative taxonomic abundances that 

existed in the FCVC area during the Blancan and early 

Irvingtonian. Distribution of specimens indicates that no 

taxon of mammal is restricted to a particular depositional 

environment or lithology. 

The paleoecologic analysis of the FCVC fossils is, at 

this point, a broad generalization with regard to the 

discrimination of a paleocommunity, its composition, and 

structure. Actualistic data are compiled to interpret 

paleohabitat preferences of mammals in the FCVC area. The 



cenogram method of Valverde (1964, 1967) and Legendre 

(1986), coupled with the taphonomic analysis, moves the 

study of paleocommunities beyond the mere compilation of 

taxonomic lists associated with depositional environments 

and functional morphology. 
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A single, stable, long-lived paleocommunity is inferred 

to have inhabited the FCVC area. This paleocommunity 

persisted from the early Blancan to the early Irvingtonian 

and can be recognized at any point during this time despite 

changes in its taxonomic composition. 

Several paleohabitats occurred in the FCVC area: 

highland, foothills, floodplain, stream margin, stream 

channel, lake, and tidal flat/tidal marsh. Paleohabitats 

are recognized mainly on the basis of depositional 

environment, but when other data, such as paleobotanical or 

paleopedolog;cal are available, they are included in the 

paleohab;tat definition. 

Paleobotanic data in the FCVC area are extremely 

limited. They consist of petrified wood and a limited 

number of leaf impressions. All the specimens were 

recovered from stream channels and stream margins in early 

Blancan sediments. The tree genera are suggestive of a 

gallery forest bordering the Colorado River. No 

paleobotanic data exist for the rest of the section. 

Paleoclimatic interpretations for the FCVC area during 

the Blancan and early Irvingtonian can be made from several 
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proxies. None of the proxies lend themselves to a 

quantitative estimate of paleoclimate, except for the 

probable minimum winter temperature (15·C) provided by the 

presence of Geoche7one. There is relatively good agreement 

among the proxies regarding the probable paleotemperatures 

that existed in the area. However, estimates of the 

prevailing paleoprecipitation regime are extremely difficult 

to obtain and there is considerable contradiction among the 

proxies in this regard. The best, and very general, 

interpretation of the FCVC paleoclimate is that it was warm 

year-round without winter or summer extremes, and that 

precipitation was distinctly seasonal with winter rains and 

summer drought moderated by oceanic influence. A shift to 

slightly more arid conditions, punctuated by very short 

periods of high precipitation, in the latest Blancan and 

early Irvingtonian is inferred. The coarse temporal scale 

at which paleoclimate in the FCVC area was analyzed does not 

permit recognition of glacial-interglacial cycles that began 

about 2.5 Ma in the Northern Hemisphere. The mesic 

paleoclimate of the early and early late Blancan and the 

overall trend toward a relatively more arid paleoclimate 

during the latest Blancan and early Irvingtonian is 

consistent with paleoclimate records from the San Pedro 

Valley, Arizona, and Searles Lake, California. 

Actualistic analysis of the FCVC paleocommunity 

suggests that it was predominantly a savannah-community 
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(large number of grazers/mixed-feeders, large number of 

cursorial genera, modern analogues) that partitioned its 

niches by size and feeding-preference. A signifcant part of 

the palecommunity consisted of genera that are inferred to 

be browsers and forest-dwellers, suggesting that the FCVC 

area was a mosaic of paleohabitats and that genera from 

"open" and "closed" paleohabitats constituted a single 

paleocommunity. 

The FCVC cenogram results are based only on the genera 

and subgenera of mammalian primary consumers. Regardless of 

how the data are grouped (by change in fluvial system, 

taxonomic composition, paleoclimate), the cenogram analysis 

produces consistent results with regard to the structure of 

the FCVC paleocommunity. The results indicate that the 

mammalian primary consumers in the paleocommunity segregated 

into discrete components of medium/large- and small-sized 

genera with an offset between the small- and medium-sized 

genera. The results also show that the large and small 

body-size groups were the most stable components of the 

paleocommunity, and that within these two components the 

genera are evenly distributed among the range of possible 

body sizes in each group and plot as straight lines. The 

results are indicative of a paleocommunity that inhabited 

some type of savannah. The medium-sized component, 

comprised mainly of lagomorphs, was the most unstable 

component of the FCVC paleocommunity. The cenogram analysis 
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complements the actualist~c analysis by showing in greater 

detail the size-based community structure. 

Cenograms can also be used as a first approximation of 

paleoclimate based on the slopes of the lines for the 

medium-/1arge-sized genera (degree of aridity) and sma11-

sized genera (paleotemperature). Paleoclimatic 

interpretations are based on reference to cenograms for 

modern ecosystems. The FCVC cenograms infer year-round, 

warm paleotemperatures, consistent with paleoclimate proxies 

preserved in the Palm Spring Formation. For the FCVC data, 

the cenogram method appears to be most unreliable for 

inferring the degree of aridity. The cenogram 

interpretation infers an initially dry paleoclimate that 

became relatively mesic during the late Blancan, opposite 

the interpretation of the paleoclimate proxies. The 

paleoclimatic conclusions derived from the cenogram analysis 

should be regarded as preliminary and heuristic, and should 

be subordinated to interpretations based on paleoclimate 

proxies preserved in the geologic record. 

The results of this study will be improved when more of 

the localities and their specimens are placed within the 

collecting level system. This will add more specimens and 

taxa to the data base used for the biostratigraphic, 

taphonomic, and paleoecologic analyses. Correlation of the 

fault blocks and Hollywood and vine section to the "type 

section" will add their localities and taxa to the data 

base. 
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OCCURRENCE OF GENUS 
OR SPECIES IN SECTION =-X 

LOWEST FAMILY OCCURRENCE = 0 

: 1= VESPERTILIONIDAE 

2=TALPIDAE 

3=SORICIDAE 
4=CRICETIDAE 
5=GEOMYIDAE 

6=HETEROMYIDAE . 
7=SCIUR IDAE 

8=CASTORIDAE 

9= ERETHIZONTIDAE 
. -10=HYDROCHOERIDAE 

11=LEPORIDAE 
J2=MU5TELIDAE 

13 =PROCYON I DAE 
14=CANIDAE 

15=URSIDAE 

16=FELIDAE 
17: MYLO DONTI DAE 
18=MEGALONYC HI DAE 

19=MEGATHERIIDAE 
20=MAM M UT I DAE 

21= ELEPHANTIDAE 
22=GOMPHOTHERIIDAE 

23=TAYASSUIDAE 

24=CAMEL1DAE 

25=CERVIDAE 
26=ANTI LOCAPR I DAE 

27=80VIDAE 
28=TAPIR1DAE 

. 29= EQU I DAE 


