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Several previous studies have looked at ungulate diversities in the Great Plains (e.g., 2 

Webb, 1977, 1983; Janis et al., 2000, 2002, 2004), or all mammals in various regions of the 3 

western US (e.g., Barnosky et al., 2005; Davis, 2005). Our approach differs from these studies by 4 

combining the following approaches: we (a) used modern patch size distributions to guide 5 

grouping of coeval, proximal sites, maximizing accuracy of diversity estimates, (b) considered 6 

ungulates and carnivores (rather than small mammals) because their diversities correlate with 7 

similar geographic and environmental factors (Badgley and Fox, 2000), and their body masses 8 

overlap, again minimizing taphonomic bias, (c) looked at different areas in the United States than 9 

previously considered for ungulates (Fig. 1) to see whether patterns in different regions 10 

corresponded; this approach guards against regional taphonomic bias, (d) used direct chronologic 11 

(in some cases biochronologic) estimates to investigate short-term changes that cannot otherwise 12 

be resolved by grouping data, and (e) rarefied data for as many sites as feasible to evaluate 13 

possible sampling bias. Because we focus on ungulates and carnivores, whose ranges are 14 

generally large, we believe our results closely reflect α-diversity, and that diversities correlate 15 

with environmental factors as deduced for modern North America (Badgley and Fox, 2000). 16 

 17 

Patch size distributions and sample site averaging. Stable isotope studies plus 18 

taxonomic distributions in Quaternary sites (where habitat preferences of extant taxa are known) 19 

demonstrate that single quarries can represent accumulations from multiple habitat patches 20 

(Koch et al., 1997; Kohn et al., 2005). For example individual late Pleistocene sites in Idaho 21 

include extant taxa or their close relations that today prefer open grassland (Equus, Antilocapra, 22 

Platygonus), boreal forest (Alces, Rangifer ± Odocoileus), open woodland (Cervus ± 23 
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Odocoileus) and steep mountain slopes (Ovis). These habitats may have been proximal at one 24 

time, or the temporal averaging inherent in every site may have allowed somewhat different 25 

habitats to occupy the same area at different times. But these areas cannot all have overlapped. 26 

However, reliance on single sites probably underestimates diversity because any one site might 27 

not sample all local habitat patches, or contain sufficient material to representatively sample all 28 

taxa. So, to fully evaluate diversity, we should combine multiple proximal sites. Yet combining 29 

sites over too widespread an area risks artificially increasing apparent diversity (Barnosky et al., 30 

2005). Thus, we considered modern patch size distributions as a guide for the maximal 31 

geographic bounds that could potentially sample multiple patches.  32 

There are few published spectra for patch size distributions, and the often-tabulated mean 33 

patch size depends on the scale of observation (smaller vs. larger scales of observation yield 34 

smaller vs. larger mean patch sizes; O’Neill et al., 1996). Nonetheless, in the southeastern US 35 

coastal plain and Appalachians, patch sizes of 10-40 km2 are disproportionately represented 36 

compared to smaller and larger patches (O’Neill et al., 1996), suggesting some patch size 37 

organization at that scale. In florally and faunally diverse northeastern India, mean patch sizes 38 

are 1-15 km2 (Roy and Tomar, 2000), which we interpret as a minimum. A survey of forests in 39 

the conterminous US (Riiters et al., 2002) indicates dramatic increases in edge and patchy 40 

components at scales of 0.6 to 6 km2, suggesting patch sizes of at least a few km2.  41 

Clearly, if patch sizes are several km2 to 40 km2 and some individual sites sample 42 

multiple patches, then the length scale of averaging for any one site must be at minimum on the 43 

order of 1-10 km. Most sites are distributed along quasi-linear outcrop exposures, so the area 44 

encompassed in our groups is typically less than 10 km2, i.e., commensurate with sampling 45 

multiple patches, but we believe not so large as to geographically bias estimates of diversity. 46 
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Unlike studies that documented apparent diversity-area trends at scales of hundreds or thousands 47 

of km2 for all mammals (Barnosky et al., 2005), our data for ungulates alone over areas less than 48 

100 km2 show no correlation between numbers of taxa and area (Supplementary Fig. 1). In fact, 49 

the results of Barnosky et al. (2005) project across our curves at scales of 1-100 km2, when 50 

corrected for an average ratio of ungulates to total mammals of ~40% (Supplementary Fig. 1). 51 

This crossover suggests that the mean area sampled by individual sites is likely a few tens of 52 

km2, consistent with our inferences regarding patch sizes and scales of averaging at individual 53 

sites. 54 

Raw diversity. We examined data from sites across the western US (Fig. 1), combining 55 

mutually proximal sites for reasons detailed above. Our approach does not preclude the use of 56 

single sites (Janis et al., 2004), particularly ones with extensive collections, but maximizes the 57 

accuracy of diversity estimates without encountering species-area biases (Barnosky et al., 2005).  58 

We used the MioMap database (Carrasco et al., 2005) as supplemented by our new 59 

Oregon locality data as the main measures of diversity from the mid Oligocene through Miocene 60 

(c. 30 to 5 Ma; Supplementary Tables 1-3, Supplementary Notes 1-2). Site selection criteria were 61 

based on temporal resolution, geography, number of records and specimens, and taphonomic 62 

criteria. Original publications provided data for the Columbia Plateau and Snake River Plain 63 

region, particularly for the Plio-Pleistocene. In most cases, sites are temporally resolute to ~1 64 

Myr, although many sites are resolved better and a few more poorly. We made minor 65 

adjustments to a few preferred ages based either on biochronology or our own chronologic 66 

measurements (Supplementary Discussion). 67 

We observed major taphonomic, sampling, and/or identification biases for the Great 68 

Plains. Compared to ungulates and carnivores, identified rodent genera are disproportionately 69 
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underrepresented vs. overrepresented in Oligocene-Miocene vs. Plio-Pleistocene sites. In some 70 

instances, rodent fossils were collected but simply not identified, yet other sites are distinctly 71 

“rodent-heavy” (particularly for younger sites) or “ungulate-heavy.” Because we focused on 72 

ungulates and carnivores, we include Plio-Pleistocene data only for the Columbia Plateau and 73 

Snake River Plain, where the taphonomy and level of taxon identification are broadly 74 

commensurate with older sites. We also recognize that lithologic variations among different units 75 

in the northwest U.S. has caused further collecting bias. For example, we know that 76 

screenwashing of sediments in some collections (Shotwell, 1963, 1968; Shotwell and Russell, 77 

1963) has provided good small mammal records, whereas zeolitization of beds in much of the 78 

John Day Formation has precluded screenwashing and full characterization of small mammals. 79 

Therefore, examination of diversities of other major groups, especially rodents, is presently 80 

precluded. We were forced to consider sample diversity at the generic level, mainly because 81 

most fauna are identified to genus, but not species in existing collections. Comparison of results 82 

in the few collections with species identifications indicates that use of species rather than genera 83 

would not affect our conclusions.  84 

Rarefaction - philosophy. Because each site in our analysis is either a single collection, 85 

or a geographically limited group of collections, rarefaction analysis (Supplementary Table 1) 86 

can be based only on number of individual specimens (NISP) or minimum number of individuals 87 

(MNI), rather than the alternative site occurrences method (Alroy, 2000). Although many 88 

collections are poorly documented regarding NISP and MNI, limiting the number of sites that we 89 

could rarefy, NISP documentation is generally better. Rather than rarefy on different bases, 90 

which can introduce bias (Davis and Pyenson, 2007) we chose to rarefy consistently on NISP.  91 
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Rarefaction can be performed using either literature data or museum records. For 92 

consistency, we used literature data or MioMap except in 3 cases – John Day D-F, Mascall, and 93 

Rattlesnake – all from central Oregon. In these latter cases, we used direct museum records 94 

because we knew of substantial ongoing research after most publications. As discussed by Davis 95 

and Pyenson (2007), mixing literature and direct museum records can potentially bias rarefaction 96 

results, specifically underestimating museum-based rarefaction estimates compared to estimates 97 

based on literature reports of NISP. Our combination of NISP- and museum records-based 98 

estimates cannot significantly change our interpretations for two reasons. Firstly, for the John 99 

Day D-F and Rattlesnake faunas, the rarefied results are not very different from raw counts, 100 

which must be maxima. Therefore it is unlikely that our rarefied estimates for these two 101 

collections are significantly underestimated. The Mascall fauna shows a greater difference 102 

between rarefied results and raw counts. But if we have indeed underestimated Mascall (rarefied) 103 

diversity, then correction for this bias only strengthens our interpretation that the mid-Miocene of 104 

Oregon hosted significantly more diverse ungulate and carnivore faunas than times before or 105 

after.  106 

Rarefaction - mechanics. Two classes of well-documented sites exist: ones in which 107 

NISP for all taxa are documented, and sites in which NISP for non-ungulates are documented, 108 

but ungulate counts are sparse. These differences affected our rarefaction methods. For sites with 109 

well-documented ungulate counts, we rarefied directly on ungulates, taking as our cutoff 200 110 

occurrences. For sites with poorly documented ungulate counts, we rarefied the entire collection 111 

at 400 occurrences, then scaled the results according to the proportion of ungulate taxa to total 112 

taxa in the collection. The latter method implicitly assumes evenness between ungulates and non-113 

ungulates, which obviously cannot be determined in the absence of ungulate counts. However it 114 
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does allow inclusion of a few sites otherwise inaccessible to rarefaction. Limits are also available 115 

from some sites with relatively poor published documentation, but with large total counts, 116 

implying that rarefied values would be lower than raw values. We also rarefied data for 117 

carnivores in the Great Plains based directly on NISP and 50 occurrences. Wherever NISP was 118 

unavailable for a particular taxon, we assumed a value equal to the number of records (i.e., 119 

number of times the taxon was identified in different studies). Differences in cutoffs for 120 

rarefaction do not change our principal conclusions. Computationally, we used S. Holland’s 121 

analytic rarefaction software (http://www.uga.edu/strata/software/). 95% confidence limits to 122 

rarefied diversities are about ±1.5 for ungulates and ±2 for carnivores. For statistical 123 

comparisons, we assigned significance to differences at >95% confidence. 124 

Percent Area in Extension. For the western US (west of the Rocky Mountain Front; Fig. 125 

1), we estimated the percent area undergoing extension from tectonic reconstructions (Atwater, 126 

2006) that distinguish extensional vs non-extensional regions. Our view is that the % area in 127 

extension broadly reflects the timing and areal extent of tectonically-induced topographic 128 

variation. We recognize that other factors can cause topographic relief, including glaciation and 129 

sea level drop, but these would produce much more localized or smaller effects. Although 130 

Atwater’s tectonic reconstructions increment every 0.1 Myr, the primary data (Atwater and 131 

Stock, 1998; Wernicke and Snow, 1998) are substantially less resolute, at best ~±1 Myr based on 132 

ranges reported Wernicke and Snow (1998). Consequently, we digitized images every 2.5 Myr 133 

and processed each image using standard image processing software. Reproducibility of percent 134 

estimates is ~±0.2% (absolute). 135 

Sample sites and ages. Sample sites were chosen for analysis based on mutual 136 

geographic proximity (for some but not all locations and times), number of records in the 137 
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database, and taphonomic concerns. We restricted consideration to sites (or grouped sites) that 138 

had ≥35 records (Supplementary Table 1) because we intended to sample across local patches. 139 

This approach should yield the maximum diversity, which is our intention. We additionally 140 

screened out sites that lacked several extremely common families of ungulates, such as camelids, 141 

equids, oreodonts, and rhinos. We did not screen sites on this basis for less common ungulate 142 

families, such as antilocaprids, chalicotheres, protoceratids, etc. For example, latest Miocene-143 

Pliocene sites of the Great Plains commonly contain abundant rodents, but lack many ungulates, 144 

and we chose not to consider them. Similarly, some spectacularly rich fossil sites, such as 145 

Ashfall Fossil Beds (“Poison Ivy Quarry”) are strongly biased towards a single species (e.g., 146 

Teleoceras major) to the exclusion of other expected taxa, and we screened these out as well. 147 

 We made 4 small adjustments to the preferred ages of MioMap and/or original 148 

publications, specifically for the Juntura, Drewsey, Flint Hill, and Martin Canyon sites 149 

(Supplementary Discussion). Two of these changes are because we have new chronologic 150 

constraints, and 2 reflect our interest in the faunal diversity jump at ~17.5 Ma . Perhaps other 151 

adjustments could be made, but these would not impact our interpretations.  152 
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Supplementary Table DR1. Sample locations, ages, genus counts, and site characteristics 153 

Central Great Plains 
Min Age 

(Ma ) 
Max Age 

(Ma ) Ungulates Carnivores
Area 
(km2) Records NISP 

Harris Ranch, SD 29.0 30.0 13 5 0.01 71 X
Sharps, SD 27.9 28.7 15//15 12/11 15 185 450
AMNH Rosebud, SD 23.8 27.9 12 6 25 62 >120
Stage Hill, NE 18.8 22.9 14 6 0.01 58 X
Rosebud SD 18.8 19.5 12 4 14 39 >100
Flint Hill SD 17.25 18.25 16//13 5 0.02 78 >760
Martin Cyn, CO 17.25 18.25 14//14 4 0.01 65 500
Foley Quarry, NE 17.0 17.5 21 3 0.19 51 >100
Sheep Creek, NE 16.5 17.0 24/15/16 10/8 1.0 163 2910
Humbug/Echo, NE 14.8 15.9 29/18/19 17/11 1.2 256 1950
Eubanks, CO 14.4 14.8 20 8 0.01 45 X
Keota Fauna,CO 13.6 14.4 20 8/≥8 0.01 38 >200
Hottell Ranch, NE 13.6 14.0 16 6 0.02 93 X
Norden Bridge, NE 13.6 14.0 26/19/18 13/10 0.01 95 2640
Carrot/Egelhoff, NE 13.6 14.0 18/15/13 7 0.34 79 1320
Myers Farm, NE 12.5 13.6 17/16/15 13/≥13 0.01 101 575
Railway Quarry, NE 12.5 13.6 15//16 9/9 0.01 56 >400
Verdigre Quarry, NE 12.5 13.6 16 10 0.01 44 X
Devils Gulch, NE 12.5 13.6 20 7 0.01 39 >170
Kennesaw,CO 12.5 13.6 15 8/8 0.83 55 >140
Penny Creek, NE 12.2 12.5 17 n.a. 0.69 58 X
Burge Fauna, NE 12.2 12.5 18/15/14 9/9 17 81 850
Minnechaduza, NE 11.5 12.2 17/16 9/≥9 0.69 76 320
Big Spring, SD 11.5 12.2 17 7 0.01 92 >300
LeMoyne, NE 7.5 9.0 13 8 0.01 41 >330
Amebelodon, NE 6.7 7.5 17 9 2.1 42 X
Snake Creek, NE 5.9 7.5 15 9/8 0.01 79 170

Southern Great Plains 
Min Age 

(Ma ) 
Max Age 

(Ma ) Ungulates Carnivores
Area 
(km2) Records NISP 

MacAdams, TX 11.5 12.0 19/14 7 0.01 31 >470
Sebits Ranch, TX 7.5 9.0 12 6 0.01 43 >200
Box T, TX 6.7 7.5 15 8 0.01 48 >300
Coffee Ranch, TX 6.6 6.7 12/9 9/5 0.01 46 1150
Optima, OK 5.9 6.7 12//9 9/4 0.01 42 >1230
Rhino Hill/Edson, KS 5.9 6.7 13/9 8/6 0.21 51 >1100

Rocky Mountains 
Min Age 

(Ma ) 
Max Age 

(Ma ) Ungulates 
Area 
(km2) Records NISP 

Jeep/Blick, NM 17.5 18.8 11 0.36 41 X 
Skull Ridge, NM 15.2 15.9 24 0.01 35 >160 
Pojoaque, NM 12.5 14.1 22//≥22 6.9 92 >320 
Santa Clara, NM 10.0 12.0 19//12 2.8 44 >1200 
Madison Valley, MT 14.8 15.9 16 0.01 32 120 
Columbia Plateau and 
Snake River Plain 

Min Age 
(Ma ) 

Max Age 
(Ma ) Ungulates 

Area 
(km2) Records NISP 

John Day A-C, OR 29.7 30.3 10 1.0  >1000 
John Day D-F, OR 28.7 29.7 12/10 1.0  ~3500 
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John Day G-J, OR 27.5 28.7 9 1.0  >1000 
John Day K1-K2, OR 27.5 25.3 14 1.0  ~3000 
Haystack, OR 23.5 23.8 11 2.5  >100 
Johnson Canyon, OR 19.2 22.6 13 1.0   
Rose Creek, OR 18.2 18.8 10 2.0   
Mascall, OR 15.4 15.8 18/15 1.7 54 790 
Virgin Valley, NV 15.2 15.9 12 3.4 45 80 
Sucker Creek, OR 14.4 15.0 14 2.8 125 X 
Red Basin, OR 12.5 14.8 16//≥16 0.5 83 >390 
Juntura, OR 10.3 10.9 8//10 1.7 119 490 
Drewsey, OR 9.7 10.2 9 3.4 61 >250 
Thousand Creek, NV 7.5 8.0 7 17 59 200 
Rattlesnake, OR 7.2 7.6 12/11 8.3 45 570 
Hagerman, ID 3.1 3.7 7 0.01  >50000 
Tyson Ranch, ID 1.4 1.8 7 1.0   
American Falls, ID <0.2 0.1 11 0.01  3200 
Duck Point, ID <0.1 <0.1 9 0.01   
Jaguar Cave, ID <0.1 <0.1 8 0.01   

Mojave 
Min Age 

(Ma ) 
Max Age 

(Ma ) 
No. 

Ung. 
Area 
(km2) Records NISP 

Sespe old, CA 27.9 30.0 11 69 52 X 
Sespe young, CA 19.5 21.5 7 48 101 X 
Cache Peak, CA 14.9 15.9 13 1.9 85 X 
Barstow Older, CA 14.8 15.9 18/13/14 0.86 161 >750 
Caliente Old, CA 14.8 15.9 14 0.83 68 X 
Barstow Young, CA 12.5 14.8 12 1.4 105 580 
Caliente Middle, CA 11.5 12.4 10 21 149 X 
Dove Sp. old, CA 10.9 12.5 11 5.5 53 X 
Caliente Young, CA 10.9 11.5 9 1.9 85 X 
Dove Sp. Young, CA 9.0 10.9 8 1.7 81 >375 
Lava Mtns, CA 6.7 9.0 5 9.7 60 X 
Redington, AZ 6.3 6.6 5//5 0.01 48 >400 
Wikieup, AZ 5.9 6.1 8 0.01 45 >350 
Warren LF, CA 5.2 5.9 6 0.55 89 320 
Note: Ungulate results are listed as X/Y/Z, where X is raw counts, Y is rarefied results based on ungulate 154 
counts, and Z is rarefied results based on all taxa, scaled to the proportion of ungulate taxa. Carnivore 155 
results are listed as X/Y, where X is raw counts and Y is rarefied results based on carnivore counts. 156 
Records is number of MioMap records for all taxa. NISP is the number of reported specimens; a number 157 
for NISP indicates that data are at least 85% complete; values preceded by a ‘>’ indicate strong minima 158 
(e.g., because large numbers of taxa or major collections are not included); an ‘X’ indicates that <50% 159 
information was available. For many sites in the Columbia Plateau and Snake River Plain, we did not use 160 
MioMap, so do not report number of records. Penny Creek carnivores were not identified more 161 
specifically than order (Carnivora) so are not tabulated. American Falls, Duck Point, and Jaguar Cave 162 
have ages of ~120 kyr ago, ~20 kyr ago, and ~10 kyr ago respectively. Areas are rounded to the nearest 2 163 
digits unless they are less than 0.1 km2. For single sites, we arbitrarily assign a value of 0.01 km2. 164 
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Supplementary Table DR2. t-test results for different times and areas 165 

Location 

Ungulates 
Great 

Plains, raw 

Ungulates 
Columbia  

Plateau, raw 

Ungulates
Mojave, 

raw 
Ungulates, 

rarefied 

Carnivores 
Great 

Plains, raw 
Carnivores, 

rarefied 
Time 1 vs. Time 2 0.001 0.02 0.08 0.02 0.002  
Time 2 vs. Time 3 0.001 <1x10-3 1x10-4 <1x10-5 0.36 0.004 
Time 1+3 vs. Time 2 <1x10-5 <1x10-3 1x10-4 <1x10-4 0.014  
Note: Time 1 refers to ages >17.5 Ma; Time 2 is between 17.5 and 11 Ma, and Time 3 is < 11 Ma. For 166 
rarefied ungulates, values based on all taxa were used only in cases of insufficient specimen counts for 167 
ungulates alone. For carnivores, comparisons omit anomalous data for Sharps and Foley Quarry. 168 
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Supplementary Table DR3. Locality information for each site or groups of sites. 169 
Central Great Plains Sources and Sites included in compilation 
Harris Ranch, SD Harris Ranch 
Sharps, SD Sharps (SDSM V541, 543-545, 5341, 5354, 5355, 5357-5361, 5363) 
AMNH Rosebud, SD AMNH "Rosebud" (1-3, 7-8, 10-16, 19-21, 23, 30-32).  
Stage Hill, NE Stage Hill Local Fauna 
Rosebud SD AMNH "Rosebud" (5-6, 17-18, 22, 24, 26-29) 
Flint Hill SD Flint Hill North, Flint Hill South. 
Martin Canyon, CO Martin Canyon – Merycochoerus Quarry, Martin Canyon – Quarry A. 
Foley Quarry, NE 
 
 

1/4 mile E of Foley Quarry, Above Dry Creek Prospect, Dry Creek Prospect 
A, Dry Creek Prospect D, Foley Quarry, General Red Valley Member, 
Middle of the Road Quarry. 

Sheep Creek, NE 
 
 
 

23 mi. S of Agate, Ashbrook Pasture, Buck Quarry, East Hilltop Quarry, 
East Ravine Quarry, Greenside Quarry, Hilltop Quarry, Long Quarry, Ranch 
House Draw, Ravine Quarry, Stonehouse Draw, Thistle Quarry, Thomson 
Quarry, Vista Quarry.  

Humbug/Echo, NE 
 
 
 
 

23 mi. S of Agate, Ashbrook Pasture, Boulder Quarry, East Jenkins Quarry, 
East Sand Quarry, East Sinclair Draw, East Surface Quarry, East Wall 
Quarry, Echo Quarry, Far Surface Quarry, Floor of Mill Quarry, Grass 
Roots Quarry, Humbug Quarry, Jenkins Quarry, Kilpatrick Quarry, Mill 
Quarry, New Surface Quarry, North Wall Quarry. 

Eubanks, CO Big Springs Quarry, Eubanks, General Eubanks Fauna. 
Keota Fauna,CO General Keota Fauna, Horse and Mastodon Quarry 
Hottell Ranch, NE 
 

Carnivore Quarry, Corner's Gap, Hottell Ranch Main Quarry, Immense 
Journey Quarry, Mastodon Quarry, Rhino Skull Quarry. 

Norden Bridge, NE Norden Bridge Quarry 
Carrot/Egelhoff, NE Carrot Top Quarry, Egelhoff Quarry 
Myers Farm, NE Myers Farm 
Railway Quarry, NE Railway Quarry A-B 
Verdigre Quarry, NE Verdigre Quarry 
Devils Gulch, NE Devil's Gulch Horse Quarry, Devil's Gulch Quarry 
Kennesaw,CO 
 
 

General Kennesaw Locality, General Vim-Peetz Locality, Kennesaw I-III, 
Kennesaw V-VI, Loup Fork of Colorado, Lynx stouti Locality, Sand 
Canyon, Vim-Peetz I-II, Vim-Peetz V 

Penny Creek, NE Penny Creek Wt– 11-13, 15B. 

Burge Fauna, NE 
 

Burge B Quarry, Burge Quarry, Fatigue Locality, Fence Line Locality, 
Gordon Creek Quarry, Lighthill Locality, Schlagel Creek Locality, Sunrise 
Locality. 

Minnechaduza, NE 
 
 

Big Beaver A, Big Beaver C, Crooked Creek Locality, Head of Coon Creek, 
Little Beaver B, Little Beaver C, North Rim Locality, South Big Beaver, 
Upper County Road Locality, West Coon Creek Locality. 

Big Spring,SD Big Spring Canyon, Big Spring Canyon (Site 11) 
LeMoyne, NE LeMoyne Quarry 
Amebelodon, NE Amebelodon fricki Quarry 
Snake Creek, NE 
 

23 mi. S of Agate, Aphelops Quarries, Merychippus Draw, Pigeon Draw, 
Pliohippus Draw, Snake Creek Quarry, The Pits, West Draw. 

Southern Great Plains Sites included in tabulation 
MacAdams, TX MacAdams Quarry 
Sebits Ranch, TX General Sebits Ranch, Sebits Ranch Locality 24-A, B. 
Box T, TX Box T 
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Coffee Ranch, TX Coffee Ranch Quarry 
Optima, OK Optima 
Rhino Hill/Edson, KS Edson Quarry, Rhinoceros Hill, West Quarry 
Rocky Mountains Sites included in tabulation 
Jeep/Blick, NM 
 

Arroyo Chamiso Prospect, Arroyo del Camello, Blick Quarry, Cynarctoides 
Quarry, Jeep Quarry, Mesa Prospect, SW corner of Blickomylus Hill 

Skull Ridge, NM Skull Ridge 

Pojoaque, NM 
 
 

General Pojoaque Member, Lower Pojoaque Bluffs, North Pojoaque Bluffs, 
Northwest Pojoaque Bluffs, Pojoaque, Pojoaque Bluffs, SE of Pojoaque 
Bluffs, South Pojoaque Bluffs, SW Pojoaque Bluffs, West Pojoaque, West 
Pojoaque Bluffs 

Santa Clara, NM 
 

Battleship Mountain, Round Mountain Quarry, Santa Clara, Santa Clara 
Canyon, Santa Clara-Battleship Mountain Sites 

Madison Valley, MT Madison Valley Beds 
Columbia Plateau and 
Snake River Plain Sites included in tabulation 
John Day A-C, OR Fremd et al. (1997) 
John Day D-F, OR Fremd et al. (1997) 
John Day G-J, OR Fremd et al. (1997) 
John Day K1-K2, OR Fremd et al. (1997) 
Haystack, OR Hunt and Stepleton (2004); all sites in Balm Creek 
Johnson Canyon, OR Hunt and Stepleton (2004): Mouth of Johnson Canyon, Picture Gorge 1 

Rose Creek, OR 
Hunt and Stepleton (2004): Rose Creek North, Rose Creek South, Picture 
Gorge 36 

Mascall, OR 
 
 

Fremd et al. (1997) for faunal lists; Cottonwood Creek, General Mascall, 
Mascall - North of Dayville, Mascall (loc. 113, 183, 184) Mascall Type 
Locality (for area estimate) 

Virgin Valley, NV 
General Virgin Valley, Virgin Valley (UCMP 1064, 1085, 1088-1091, 1093-
1095).  

Sucker Creek, OR 
 

Devil’s Gate (UALP 8878, 8879, 89508952, 8955, 8963, 9051, 9054, 9056, 
9057), Sucker Creek 

Red Basin, OR General Red Basin, Red Basin, Skull Spring 
Juntura, OR Black Butte Local Fauna; General Black Butte 
Drewsey, OR Bartlett Mountain, General Bartlett Mountain, Otis Basin 
Thousand Creek, NV 
 
 
 

General Thousand Creek, Thousand Creek (LACM (CIT) 63), Thousand 
Creek (UCMP 1063, 1096-1098, 1100, 1101, 1103, 1104, 2739, 2741, 2743, 
2744, 2746, 2747, V-6571, V69114), Thousand Creek Mastodon Locality, 
Thousand Creek Quarry. 

Rattlesnake, OR 
 
 

Fremd et al. (1997) for faunal lists; Rattlesnake (CIT 117, 27; SDSM V832; 
UCMP 815, 887, 3042, 3045, 3048, 3050, 3057, 3058, 3060-62, 3067-3069, 
3235, 4825) (for area estimate) 

Hagerman, ID Hagerman Fossil Beds National Monument sites 
Tyson Ranch, ID Sankey (2002) 
American Falls, ID Jefferson et al. (2004) 
Duck Point, ID Jefferson et al. (2004) 
Jaguar Cave, ID Jefferson et al. (2004) 
Mojave Sites included in tabulation 
Sespe old, CA 
 

Alamos Canyon, Blakeley, Grimes Canyon, Kew Quarry, Shiells Canyon, 
South Mountain, Unnamed Local Fauna (Simi Valley) 

Sespe young, CA ETC Jamboree Road, ETC Lower Rattlesnake Canyon, ETC Lower Windy 
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Ridge, ETC Windy Ridge, FTC/Oso, Parkridge, San Joaquin Hills, Upper 
Bowerman Landfill,  

Cache Peak, CA Cache Peak, General Cache Peak 
Barstow Older, CA 
 
 
 
 
 
 

Barstow 3, Barstow Formation (UCR V-6401), Camp Quarry, Carnivore 
Basin 1, Carnivore Canyon 17, Coon Canyon 2 and 6, Daggett Ridge, Deep 
Quarry, Doc’s Steepside, Green Hills Fauna, Ness Quarry, Oreodont Quarry, 
Pirie’s Canyon 2, Rainbow Basin 1 and 2, Rak Camp, Rak Quarry, Rodent 
Hill Basin (UCMP 1399, 1400, 1404), Slippery Side, Steepside Quarry, 
Stirton Wash (UCMP 1396), Sunder Ridge Quarry, Sunset Quarry, Syncline, 
Turbin Quarry, Webb School Quarry, Yermo 

Caliente Old, CA 
 
 

Brachycrus Quarry, Cherty Bonebed, Dry Canyon - West Side, Kent Quarry, 
Lower Dome Spring Fauna, Lower West Dry Canyon, Upper Dome Spring 
Fauna, Upper Dry Canyon, Upper West Dry Canyon, West Fork of Dry 
Canyon 

Barstow Youngest, CA 
 
 
 

Barstow Fauna (LACM (CIT) 288), Camel Basin 2, Coon Canyon 5, First 
Division Fauna, Fossil Canyon, Fuller’s Earth Canyon 5, Greer Quarry, Hell 
Gate Basin 3, Hemicyon Quarry, Lake Bed, New Year Quarry, Old Mill, 
Robbins Quarry, Rodent Hill Basin (UCMP 1398), Slug Bed. 

Caliente Middle, CA 
 
 
 
 
 
 
 

Ballinger Canyon, Big Cat Quarry, Big Horse Quarry, Canyon West of 
Nettle Spring – Apache Canyon 2, Cuyama Basin CIT 48, Dry Canyon – 
West Side, General Mathews Ranch Local Fauna, Hedgehog Quarry, Nettle 
Spring Canyon – Apache Canyon 2, Northwest Amphitheater – Quatal 
Canyon, Quarry Point, Quatal Canyon – North Side 1 and 2, Quatal Canyon 
– South Side 3-6, Quatal Canyon – South Side 9-11, Quatal Canyon – South 
Side 13, Quatal Canyon – South Side 15-16, Quatal Canyon – South Side 24 
Raven’s Roost, Sequence Canyon – 3, Upper “Nettle Spring Canyon” 

Dove Sp. old, CA 
 
 
 

Cudahy Mine, Cupidinimus avawatzensis/Paracosoryx furlongi assemblage, 
Iron Canyon 2 and 3, Iron Canyon Fauna (F:AM locality), Iron Canyon 
Fauna (UCR V-6301), Last Chance Gulch, Red Rock Canyon, Ricardo 
Amphitheater, Scenic Canyon, Stormy’s Camp 1, Ustatochoerus 
profectus/Copemys russelli assemblage.  

Caliente Young, CA 
 
 

Canyon West of Nettle Spring, Cuyama Basin CIT 64, General Nettle Spring 
Local Fauna, Glory Gorge, Nettle Spring Canyon, Nettle Spring Local Fauna 
(LACM 6106), Quatal Canyon – South Side 17-23, Sequence Canyon 1. 

Dove Sp. Young, CA 
 
 
 

0.25 mi. S of North Last Chance Canyon, Chassé Quarry, Epicyon 
aphobus/Hipparion forcei assemblage, Iron Canyon 1, Opal Canyon, Power 
Line Ranch 3, Red Rock Canyon, Ricardo Amphitheater, Ricardo Fauna, 
Ricardo/Dove Spring Fauna, Stormy Camp SW 2. 

Lava Mtns, CA Lava Mountains 
Redington, AZ 
 

General Redington, Least Camel Quarry, Old Cabin Quarry, Redington 
Quarry, San Pedro Valley Quarry, Turtle Pocket 

Wikieup, AZ Bird Bone Quarry, Clay Bank Quarry, General Wikieup 
Warren LF, CA Warren Local Fauna 
Note: Unless otherwise referenced, MioMap was used as the source. Specific geographic data are 170 

available through MioMap or original publications. Some sites have the same location, but 171 

different ages and were therefore grouped separately.  172 
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Supplementary Note 1 – Ungulate families and genera for each site. 173 
Central Great Plains 174 
Harris Ranch, SD: Agriochoeridae; Anthracotheriidae – Elomeryx; Dichobunidae – Stibarus; Entelodontidae; 175 

Equidae – Miohippus; Hypertragulidae – Hypertragulus, Hypisodus; Leptomerycidae – Leptomeryx, Pronodens; 176 
Oreodontidae – Leptauchenia; Protoceratidae – Protoceras; Rhinocerotidae – Diceratherium, Woodoceras 177 

Sharps, SD: Agriochoeridae – Agriochoerus; Anthracotheriidae – Arretotherium; Camelidae – Oxydactylus; 178 
Dichobunidae – Leptochoerus; Entelodontidae; Equidae – Mesohippus, Miohippus; Hypertragulidae – 179 
Nanotragulus; Hyracodontidae – Hyracodon; Leptomerycidae – Leptomeryx; Oreodontidae – Eporeodon, 180 
Leptauchenia, Sespia; Rhinocerotidae – Diceratherium; Tayassuidae – Chaenohyus 181 

AMNH Rosebud, SD: Anthracotheriidae – Arretotherium; Camelidae; Entelodontidae; Equidae – Miohippus, 182 
Parahippus; Hypertragulidae – Nanotragulus; Moschidae – Pseudoblastomeryx; Oreodontidae – Eporeodon, 183 
Leptauchenia, Merycochoerus; Rhinocerotidae – Diceratherium; Tayassuidae – Hesperhys. 184 

Stage Hill: Anthracotheriidae – Arretotherium; Camelidae – Michenia, Oxydactylus; Chalicotheriidae – Moropus; 185 
Equidae – Archaeohippus, Kalobatippus, Parahippus; Moschidae – Pseudoblastomeryx; Oreodontidae – 186 
Merychyus; Palaeomerycidae – Barbouromeryx; Protoceratidae - Syndyoceras; Rhinocerotidae – Menoceras; 187 
Tapiridae – Miotapirus; Tayassuidae – Hesperhys. 188 

Rosebud, SD: Camelidae – Michenia, Oxydactylus; Equidae- Anchippus, Parahippus; Moschidae – Blastomeryx, 189 
Problastomeryx, Pseudoblastomeryx; Oreodontidae – Merychyus, Merycochoerus, Merycoides; Rhinocerotidae 190 
– Diceratherium; Tayassuidae – Hesperhys 191 

Flint Hill, SD: Anthracotheriidae – Arretotherium; Camelidae – Oxydactylus; Chalicotheriidae – Moropus; 192 
Dichobunidae – Stibarus; Entelodontidae – Dinohyus; Equidae – Anchitherium, Archaeohippus, Parahippus; 193 
Leptomerycidae – Pseudoparablastomeryx; Moschidae – Problastomeryx, Pseudoblastomeryx; Oreodontidae – 194 
Merychyus; Palaeomerycidae – Barbouromeryx; Protoceratidae – Lambdoceras; Rhinocerotidae – Menoceras; 195 
Tayassuidae – Hesperhys  196 

Martin Canyon, CO: Camelidae – Oxydactylus; Chalicotheriidae – Moropus; Equidae – Anchitherium, Merychippus, 197 
Parahippus; Moschidae – Blastomeryx; Oreodontidae – Merychyus, Merycochoerus; Palaeomerycidae – 198 
Aletomeyx, Barbouromeryx; Rhinocerotidae – Menoceras, Peraceras, Teleoceras; Tayassuidae – Hesperhys  199 

Foley Quarry: Antilocapridae – Paracosoryx; Camelidae – Aepycamelus, Michenia, Miolabis, Oxydactylus, 200 
Paramiolabis, Protolabis; Equidae – Acritohippus, Anchitherium, Archaeohippus, Desmatippus, Hypohippus, 201 
Merychippus; Oreodontidae – Brachycrus; Palaeomerycidae – Barbouromeryx, Bouromeryx, Dromomeryx, 202 
Rakomeryx, Sinclairomeryx; Rhinocerotidae – Galushaceras, Teleoceras 203 

Sheep Creek: Antilocapridae – Merycodus, Paracosoryx; Camelidae – Aepycamelus, Paramiolabis, Protolabis; 204 
Chalicotheriidae – Tylocephalonyx; Equidae – Acritohippus, Anchitherium, Archaeohippus, Merychippus; 205 
Leptomerycidae – Pseudoparablastomeryx; Moschidae – Blastomeryx; Oreodontidae – Brachycrus, Merychyus; 206 
Palaeomerycidae – Bouromeryx, Drepanomeryx, Sinclairomeryx, Subdromomeryx; Protoceratidae – 207 
Lambdoceras; Rhinocerotidae – Aphelops, Peraceras, Teleoceras; Tayassuidae – Aptenohyus, Hesperhys  208 

Humbug/Echo: Antilocapridae – Merycodus, Paracosoryx; Camelidae – Aepycamelus, Miolabus, Paramiolabus, 209 
Procamelus; Chalicotheriidae – Moropus; Equidae – Anchitherium, Desmatippus, Hypohippus, Merychippus; 210 
Leptomerycidae – Pseudoparablastomeryx; Moschidae – Blastomeryx, Longirostromeryx; Oreodontidae – 211 
Mediochoerus, Merychyus, Ticholeptus; Palaeomerycidae – Bouromeryx, Drepanomeryx, Dromomeryx, 212 
Rakomeryx, Sinclairomeryx; Protoceratidae – Lambdoceras; Rhinocerotidae – Aphelops, Peraceras, Teleoceras; 213 
Tayassuidae – Aptenohyus, Hesperhys  214 

Eubanks, CO: Antilocapridae – Cosoryx, Merycodus; Camelidae – Aepycamelus, Michenia, Miolabis, Nothotylopus, 215 
Protolabis; Equidae – Calippus, Hypohippus, Megahippus, Merychippus, Parahippus; Moschidae – 216 
Blastomeryx; Oreodontidae – Merychyus, Ticholeptus; Palaeomerycidae – Dromomeryx; Rhinocerotidae – 217 
Aphelops, Teleoceras; Tapiridae – Tapiravus  218 

Keota Fauna, CO: Antilocapridae – Cosoryx, Merycodus; Camelidae – Aepycamelus, Michenia, Miolabis, 219 
Nothotylopus, Protolabis; Equidae – Calippus, Megahippus, Merychippus, Pliohippus; Moschidae – 220 
Blastomeryx; Oreodontidae – Merychyus, Ticholeptus; Palaeomerycidae – Dromomeryx; Rhinocerotidae – 221 
Aphelops, Teleoceras; Tapiridae – Tapiravus; Tayassuidae – Aptenohyus, Dyseohyus 222 

Hottell Ranch: Antilocapridae – Merycodus; Camelidae – Aepycamelus; Chalicotheriidae; Equidae – Hypohippus, 223 
Merychippus, Parahippus, Protohippus; Leptomerycidae – Pseudoparablastomeryx; Moschidae – Blastomeryx; 224 
Oreodontidae; Palaeomerycidae; Protoceratidae; Rhinocerotidae – Paraceras, Teleoceras; Tapiridae; 225 
Tayassuidae – Aptenohyus  226 
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Norden Bridge: Antilocapridae – Merycodus, Ramoceros; Camelidae – Aepycamelus, Miolabis, Procamelus; 227 
Chalicotheriidae; Equidae – Archaeohippus, Calippus, Cormohipparion, Hypohippus, Megahippus, 228 
Merychippus, Parahippus, Protohippus; Leptomerycidae – Pseudoparablastomeryx; Moschidae – Blastomeryx; 229 
Oreodontidae – Merychyus, Ticholeptus; Palaeomerycidae – Bouromeryx; Protoceratidae; Rhinocerotidae – 230 
Aphelops, Peraceras, Teleoceras; Tapiridae; Tayassuidae – Aptenohyus  231 

Carrot/Egelhoff: Antilocapridae – Merycodus, Ramoceros; Camelidae – Aepycamelus, Miolabus, Procamelus, 232 
Protolabis; Equidae – Calippus, Hypohippus, Merychippus, Parahippus, Protohippus, Leptomerycidae – 233 
Pseudoparablastomeryx; Moschidae – Blastomeryx; Oreodontidae – Merychyus; Rhinocerotidae – Aphelops, 234 
Peraceras, Teleoceras; Tayassuidae - Aptenohyus 235 

Myers Farm: Antilocapridae – Merycodus, Ramoceros; Camelidae – Procamelus; Equidae – Anchitherium, 236 
Calippus, Hypohippus, Merychippus, Parahippus; Moschidae – Longirostromeryx; Oreodontidae – Merychyus; 237 
Palaeomerycidae – Procranioceras; Protoceratidae – Lambdoceras; Rhinocerotidae – Peraceras, Teleoceras; 238 
Tapiridae – Tapiravus; Tayassuidae - Aptenohyus 239 

Railway Quarry: Anitlocapridae – Merycodus; Equidae – Anchitherium, Calippus, Cormohipparion, Hypohippus, 240 
Megahippus, Merychippus, Parahippus, Pliohippus, Protohippus; Moschidae – Blastomeryx; Oreodontidae – 241 
Merychyus; Palaeomerycidae – Procranioceras; Rhinocerotidae – Peraceras; Tayassuidae – Aptenohyus  242 

Verdigre Quarry: Antilocapridae – Cosoryx; Camelidae – Megatylopus, Procamelus; Equidae – Calippus, 243 
Cormohipparion, Hipparion, Hypohippus, Megahippus, Merychippus, Protohippus, Pseudhipparion; 244 
Moschidae – Blastomeryx; Oreodontidae – Merychyus; Palaeomerycidae – Procranioceras; Rhinocerotidae – 245 
Teleoceras; Tayassuidae – Aptenohyus 246 

Devils Gulch: Antilocapridae – Merycodus, Ramoceros; Camelidae – Aepycamelus, Procamelus, Protolabis; 247 
Equidae – Calippus, Cormohipparion, Hypohippus, Megahippus, Neohipparion, Pliohippus, Protohippus, 248 
Pseudhipparion; Moschidae – Blastomeryx; Oreodontidae – Merychyus, Tiocholeptus; Palaoemerycidae – 249 
Procranioceras; Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae – Aptenohyus  250 

Kennesaw, CO: Antilocapridae – Merycodus, Ramoceros; Camelidae – Aepycamelus, Miolabis, Procamelus; 251 
Equidae – Calippus, Cormohipparion, Hypohippus, Merychippus, Neohipparion, Pliohippus; Oreodontidae – 252 
Merychyus; Palaeomerycidae – Dromomeryx; Rhinocerotidae – Aphelops, Teleoceras 253 

Penny Creek: Antilopcapridae – Cosoryx, Merycodus; Camelidae – Protolabis; Calippus, Hypohippus, 254 
Merychippus, Neohipparion, Protohippus, Pseudhipparion; Moschidae – Longirostromeryx; Oreodontidae – 255 
Merychyus; Palaeomerycidae – Cranioceras; Protoceratidae – Synthetoceras; Rhinocerotidae – Aphelops, 256 
Teleoceras; Tapiridae – Tapirus; Tayassuidae – Aptenohyus  257 

Burge Fauna: Antilocapridae – Cosoryx; Camelidae – Aepycamelus, Procamelus, Protolabis; Equidae – 258 
Cormohipparion, Hypohippus, Megahippus, Merychippus, Neohipparion, Protohippus, Pseudhipparion; 259 
Moschidae – Blastomeryx, Longirostromeryx; Oreodontidae – Merychyus; Palaeomerycidae – Cranioceras; 260 
Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae – Aptenohyus 261 

Minnechaduza: Antilocapridae – Cosoryx; Camelidae – Aepycamelus, Procamelus, Protolabis; Equidae – Calippus, 262 
Cormohipparion, Hypohippus, Megahippus, Merychippus, Pliohippus, Protohippus, Pseudhipparion; 263 
Moschidae – Longirostromeryx; Oreodontidae – Merychyus; Palaeomerycidae – Cranioceras; Rhinocerotidae – 264 
Aphelops, Teleoceras  265 

Big Spring, SD: Antilocapridae – Cosoryx; Camelidae – Alforjas, Megatylopus, Pliauchenia, Procamelus, 266 
Protolabis; Equidae – Calippus, Cormohipparion, Hypohippus, Neohipparion, Pliohippus, Pseudhipparion; 267 
Moschidae – Longirostromeryx; Oreodontidae – Merychyus, Palaeomerycidae – Cranioceras; Rhinocerotidae – 268 
Teleoceras; Tayassuidae - Macrogenis 269 

Amebelodon: Antilocapridae – Sphenophalos, Texoceros; Camelidae – Alforjas, Megatylopus, Pleiolama; Equidae – 270 
Calippus, Dinohippus, Hipparion, Nannippus, Neohipparion, Protohippus; Gelocidae – Pseudoceras; 271 
Palaeomerycidae – Yumaceras; Rhinocerotidae – Aphelops; Tapiridae – Tapirus; Tayassuidae – Prosthennops  272 

Snake Creek: Antilocapridae – Texoceros; Bovidae – Neotragocerus; Camelidae – Megatylopus, Procamelus; 273 
Equidae – Dinohippus, Nannippus, Neohipparion; Moschidae – Longirostromeryx; Oreodontidae – Merychyus; 274 
Palaeomerycidae – Cranioceras, Pediomeryx, Yumaceras; Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae 275 
– Platygonus 276 

LeMoyne: Antilocapridae – Plioceros; Camelidae – Alforjas, Hemiauchenia, Megatylopus; Equidae – Calippus, 277 
Nannippus, Neohipparion, Pliohippus; Gelocidae – Pseudoceras; Palaeomerycidae – Pediomeryx; 278 
Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae 279 

 280 
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Southern Great Plains 281 
MacAdams: Camelidae – Aepycamelus, Nothotylopus, Pleiolama, Procamelus; Equidae – Calippus, 282 

Cormohipparion, Hipparion, Hypohippus, Neohipparion, Pliohippus, Protohippus, Pseudhipparion; Moschidae 283 
– Longirostromeryx; Oreodontidae – Merychyus; Palaeomerycidae – Cranioceras; Protoceratidae – 284 
Paratoceras; Rhinocerotidae – Teleoceras; Tayassuidae 285 

Risley/Noble Ranch: Antilocapridae; Camelidae – Aepycamelus; Equidae – Calippus, Neohipparion, Pliohippus, 286 
Protohippus, Pseudhipparion; Moschidae – Longirostromeryx; Oreodontidae – Merychyus; Palaeomerycidae – 287 
Cranioceras; Protoceratidae – Synthetoceras; Rhinocerotidae – Teleoceras; Tayassuidae 288 

Sebits Ranch: Antilocapridae; Camelidae – Megatylopus, Pleiolama; Equidae – Cormohipparion, Hipparion, 289 
Neohipparion, Pliohippus, Pseudhipparion; Palaeomerycidae – Yumaceras; Rhinocerotidae – Aphelops, 290 
Teleoceras; Tayassuidae 291 

Box T: Antilocapridae – Osbornoceros; Camelidae – Hemiauchenia, Megatylopus, Procamelus; Equidae – 292 
Astrohippus, Calippus, Cormohipparion, Hipparion, Neohipparion, Pliohippus; Gelocidae – Pseudoceras; 293 
Palaeomerycidae – Yumaceras; Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae – Prosthennops  294 

Coffee Ranch: Antilocapridae – Texoceras; Camelidae – Alforjas, Megatylopus, Pleiolama; Equidae – Astrohippus, 295 
Dinohippus, Nannippus, Neohipparion; Palaeomerycidae – Pediomeryx; Rhinocerotidae – Aphelops, 296 
Teleoceras; Tayassuidae – Platygonus  297 

Optima: Antilocapridae – Texoceras; Camelidae – Alforjas, Megatylopus, Pleiolama; Equidae – Astrohippus, 298 
Dinohippus, Nannippus, Neohipparion; Palaeomerycidae – Pediomeryx; Rhinocerotidae – Aphelops, 299 
Teleoceras; Tayassuidae – Platygonus  300 

Rhino Hill/Edson: Antilocapridae – Texoceras; Camelidae – Alforjas, Megatylopus, Pleiolama, Titanotylopus; 301 
Equidae – Astrohippus, Dinohippus, Nannippus, Neohipparion; Palaeomerycidae – Pediomeryx; Rhinocerotidae 302 
– Aphelops, Teleoceras; Tayassuidae – Platygonus  303 

 304 
Rocky Mountains 305 
Jeep/Blick: Antilocapridae – Merycodus; Camelidae – Aepycamelus, Blickomylus, Michenia, Nothotylopus, 306 

Protolabis, Stenomylus; Equidae – Desmatippus, Merychippus; Rhinocerotidae – Menoceras, Peraceras 307 
Skull Ridge: Antilocapridae – Cosoryx, Merycodus, Ramoceros; Camelidae – Aepycamelus, Australocamelus, 308 

Michenia, Miolabis, Nothotylopus, Paramiolabis, Protolabis, Rakomylus; Equidae – Acritohippus, 309 
Anchitherium, Hypohippus, Megahippus, Merychippus; Moschidae – Blastomeryx; Oreodontidae – Brachycrus, 310 
Merychyus; Palaeomerycidae – Cranioceras, Dromomeryx; Palaeomerycidae – Rakomeryx; Rhinocerotidae – 311 
Aphelops, Teleoceras 312 

Pojoaque: Antilocapridae – Cosoryx, Merycodus, Plioceros, Ramoceros; Camelidae – Aepycamelus, 313 
Australocamelus, Michenia, Miolabis, Nothotylopus, Paramiolabis, Procamelus; Equidae – Cormohipparion, 314 
Dinohippus, Hipparion, Hypohippus, Megahippus, Merychippus, Pliohippus 315 

Santa Clara: Antilocapridae – Cosoryx, Merycodus, Plioceros, Ramoceros; Camelidae – Hemiauchenia, 316 
Megatylopus, Michenia; Equidae – Cormohipparion, Dinohippus, Megahippus, Pliohippus, Pseudhipparion; 317 
Gelocidae – Pseudoceras; Moschidae – Blastomeryx, Longirostromeryx; Oreodontidae – Merychyus; 318 
Rhinocerotidae – Aphelops, Peraceras 319 

Madison Valley: Antilocapridae – Cosoryx, Merycodus; Camelidae – Aepycamelus, Miolabis, Procamelus; Equidae 320 
– Acritohippus, Archaeohippus; Moschidae – Blastomeryx; Oreodontidae – Brachycrus, Merychyus, 321 
Ticholeptus; Palaeomerycidae – Bouromeryx, Dromomeryx, Subdromomeryx; Rhinocerotidae – Peraceras  322 

 323 
Columbia Plateau and Snake River Plain 324 
John Day A-C: Agriochoeridae; Camelidae – Poebrotherium; Entelodontidae – Archaeotherium; Hypertragulidae – 325 

Hypertragulus; Oreodontidae – Dayohyus, Eporeodon, Eucrotaphus, Merycochoerus, Mesoreodon; 326 
Tayassuidae – Perchoerus 327 

John Day D-F: Agriochoeridae – Agriochoerus; Entelodontidae – Entelodon; Equidae – Miohippus; Hypertragulidae 328 
– Hypertragulus; Oreodontidae – Dayohyus, Eporeodon, Eucrotaphus, Mesoreodon, Pseudogenetochoerus; 329 
Rhinocerotidae – Diceratherium; Tayassuidae – Perchoerus, Thinohyus 330 

John Day G-J: Equidae – Miohippus, Hypertragulidae – Hypertragulus; Oreodontidae – Desmatochoerus, 331 
Eporeodon, Eucrotaphus, Merycochoerus, Mesoreodon, Oreodontoides; Rhinocerotidae – Diceratherium 332 

John Day K1-K2: Camelidae – Gentilicamelus, Paratylopus; Equidae – Miohippus; Entelodontidae – Daeodon; 333 
Hypertragulidae – Hypertragulus; Leptomerycidae – Leptomeryx; Oreodontidae – Eporeodon, Hypsiops, 334 
Merycochoerus, Merycoides, Mesoreodon, Oreodontoides, Promerycochoerus; Rhinocerotidae – Diceratherium 335 
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Haystack: Camelidae – Paratylopus; Equidae – Miohippus; Hypertragulus – Nanotragulus; Oreodontidae – 336 
Hypsiops, Paroreodon; Palaeomerycidae – Bouromeryx; Rhinocerotidae – Floridaceras; Tapiridae – 337 
Nexuotapirus; Tayassuidae – Cynorca, Hesperhys 338 

Johnson Canyon: Camelidae – Paratylopus, (small camelid); Chalicotheriidae – Moropus; Equidae – (anchithere) – 339 
Archaeohippus, Kalobatippus; Moschidae – Parablastomeryx; Oreodontidae – Paroreodon, Promerycochoerus; 340 
Palaeomerycidae; Rhinocerotidae – (dicerathere); Tapiridae – Miotapirus; Tayassuidae – Hesperhys  341 

Rose Creek: Camelidae – Paratylopus, Protolabis; Chalicotheriidae – Moropus; Equidae – Anchithere, 342 
Archaeohippus, Parahippus; Moschidae – Blastomeryx; Oreodontidae – Merycochoerus; Palaeomerycidae – 343 
Barbouromeryx; Rhinocerotidae 344 

Mascall: Antilocapridae – Merycodus; Camelidae – Miolabis, Paratylopus; Chalicotheriidae – Moropus; Equidae – 345 
Acritohippus, Archaeohippus, Desmatippus, Hypohippus, Kalobatippus, Merychippus, Parahippus; Moschidae 346 
– Blastomeryx; Oreodontidae – Ticholeptus; Palaeomerycidae – Dromomeryx, Rakomeryx; Rhinocerotidae – 347 
Aphelops, Teleoceras; Tayassuidae – Cynorcus 348 

Virgin Valley: Antilocapridae – Paracosoryx; Camelidae; Chalicotheriidae – Moropus; Equidae – Acritohippus, 349 
Desmatippus, Hypohippus; Moschidae – Blastomeryx; Oreodontidae – Ticholeptus; Palaeomerycidae – 350 
Dromomeryx; Rhinocerotidae – Aphelops, Peraceras; Tayassuidae – Thinohyus 351 

Sucker Creek: Antilocapridae – Paracosoryx, Merycodus; Camelidae; Chalicotheriidae; Equidae – Acritohippus, 352 
Desmatippus, Hypohippus, Merychippus; Oreodontidae – Merychyus, Ticholeptus; Palaoemerycidae – 353 
Dromomeryx; Rhinocerotidae – Peraceras, Teleoceras; Tayassuidae 354 

Red Basin: Antilocapridae – Merycodus, Paracosoryx; Camelidae; Chalicotheriidae; Equidae – Acritohippus, 355 
Desmatippus, Hypohippus, Merychippus, Parahippus; Moschidae – Blastomeryx; Oreodontidae – Ticholeptus; 356 
Palaeomerycidae – Dromomeryx, Rakomeryx; Rhinocerotidae – Aphelops, Teleoceras; Tayassuidae – 357 
Hesperhys  358 

Juntura: Antilocapridae; Camelidae – Metatylopus, Procamelus; Equidae; Oreodontidae – Merychyus; 359 
Rhinocerotidae – Aphelops; Tapiridae; Tayassuidae 360 

Drewsey: Antilopcapridae – Sphenophalos; Camelidae – Megatylopus, Procamelus; Equidae – Dinohippus, 361 
Hipparion, Pliohippus; Rhinocerotidae – Teleoceras; Tayassuidae – Cynorca, Prosthennops 362 

Thousand Creek: Antilocapridae – Ilingoceras; Camelidae; Equidae – Neohipparion, Pliohippus; Rhinocerotidae – 363 
Aphelops, Teleoceras; Tayassuidae 364 

Rattlesnake: Antilocapridae – Ilingoceras, Sphenophalos; Camelidae – Hemiauchenia, Megatylopus, Pliauchenia; 365 
Equidae – Hipparion, Nannippus, Neohipparion, Pliohippus; Rhinocerotidae – Teleoceras; Tayassuidae – 366 
Mylohyus, Prosthennops 367 

Hagerman: Antilocapridae – Ceratomeryx; Camelidae – Camelops, Hemiauchenia, Megatylopus; Cervidae; Equidae 368 
– Equus; Tayassuidae – Platygonus  369 

Tyson Ranch: Camelidae – Camelops, Gigantocamelus, Hemiauchenia; Cervidae – Cervus, Odocoileus; Equidae – 370 
Equus; Tayassuidae – Prosthennops  371 

Jaguar Cave: Antilocapridae – Antilocapra; Bovidae – Bison, Ovis; Camelidae – Camelops; Cervidae – Odocoileus, 372 
Cervus, Rangifer; Equidae – Equus  373 

American Falls: Antilocapridae – Antilocapra; Bovidae – Bison, Bootherium, Ovis; Camelidae – Camelops, 374 
Hemiauchenia; Cervidae – Cervus, Odocoileus, Rangifer; Equidae – Equus; Tayassuidae – Platygonus 375 

Duck Point: Antilocapridae; Bovidae – Bison, Bootherium; Camelidae – Camelops; Cervidae – Cervus, Odocoileus, 376 
Rangifer; Equidae – Equus; Tayassuidae 377 

 378 
Mojave 379 
Sespe old: Anthracotheriidae – Elomeryx; Camelidae – Miotylopus; Equidae – Miohippus; Hypertragulidae – 380 

Nanotragulus; Oreodontidae – Eporeodon 381 
Sespe young: Camelidae – Michenia, Tanymykter; Hypertragulidae – Nanotragulus; Moschidae – Machaeromeryx, 382 

Pseudoblastomeryx; Tayassuidae – Cynorca 383 
Barstow older: Antilocapridae – Merriamoceros, Merycodus; Camelidae – Aepycamelus, Michenia, Miolabis, 384 

Paramiolabis, Procamelus, Protolabis; Equiade – Acritohippus, Archaeohippus, Merychippus, Parapliohippus; 385 
Oreodontidae – Brachycrus; Palaeomerycidae – Rakomeryx; Rhinocerotidae – Aphelops; Tayassuidae – 386 
Cynorca, Dyseohyus, Hesperhys 387 

Caliente old: Antilocapridae – Merycodus; Camelidae – Aepycamelus, Cuyamacamelus, Miolabis, Paramiolabis; 388 
Equidae – Acritohippus, Archaeohippus, Merychippus, Parapliohippus; Oreodontidae – Brachycrus; 389 
Palaeomerycidae – Bouromeryx, Rakomeryx; Tayassuidae – Cynorca, Hesperhys 390 
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Barstow youngest: Antilocapridae – Merycodus, Paracosoryx; Camelidae – Aepycamelus, Miolabis, Procamelus, 391 
Protolabis; Equidae – Megahippus, Merychippus; Oreodontidae – Brachycrus, Mediochoerus; Rhinocerotidae – 392 
Aphelops; Tayassuidae – Dyseohyus 393 

Caliente middle: Antilocapridae – Cosoryx, Ramoceros; Camelidae – Procamelus, Protolabis; Equidae – 394 
Heteropliohippus, Hipparion, Megahippus, Pliohippus; Oreodontidae – Merychyus; Palaeomerycidae – 395 
Cranioceras 396 

Dove Spring old: Antilocapridae – Cosoryx, Paracosoryx; Equidae – Cormohipparion, Dinohippus, Hipparion, 397 
Megahippus, Pliohippus; Oreodontidae – Merychyus; Rhinocerotidae – Aphelops, Peraceras, Teleoceras 398 

Caliente young: Antilocapridae – Cosoryx, Merycodus; Camelidae – Megatylopus, Procamelus, Protolabis; Equidae 399 
– Cormohipparion, Dinohippus, Heteropliohippus, Megahippus 400 

Dove Spring young: Antilocapridae – Cosoryx, Plioceros; Camelidae – Procamelus; Equidae – Cormohipparion, 401 
Dinohippus, Hipparion, Pliohippus; Oreodontidae – Merychyus 402 

Lava Mountains: Antilocapridae – Sphenophalos; Camelidae – Hemiauchenia, Megatylopus; Equidae – Dinohippus; 403 
Rhinocerotidae – Aphelops  404 

Redington: Antilocapridae – Texoceros; Camelidae – Alforjas, Hemiauchenia, Megatylopus; Equidae – Dinohippus 405 
Wikieup: Antilocapridae – Sphenophalos, Texoceros; Camelidae – Alforjas, Hemiauchenia, Megatylopus, 406 

Pleiolama; Equidae – Dinohippus, Onohippidium 407 
Warren Local Fauna: Antilocapridae – Ilingoceros; Camelidae – Megatylopus, Pleiolama; Equidae – Dinohippus; 408 

Rhinocerotidae – Teleoceras; Tayassuidae 409 
Meadow Valley: Antilocapridae; Camelidae – Hemiauchenia, Pleiolama; Cervidae; Equidae – Dinohippus; 410 

Rhinocerotidae – Teleoceras 411 
Cache Peak: Antilocapridae – Merycodus; Camelidae – Hesperocamelus, Miolabus, Protolabis; Equidae – 412 

Acritohippus, Archaeohippus, Hypohippus, Merychippus; Oreodontidae – Brachycrus; Palaeomerycidae – 413 
Dromomeryx; Rhinocerotidae; Tayassuidae 414 
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Supplementary Note 2 – Carnivore families and genera for Central Great Plains. 415 
Harris Ranch, SD: Amphicyonidae – Daphoenus; Canidae – Hesperocyon, Oxetocyon; Mustelidae; Nimravidae 416 
Sharps, SD: Amphicyonidae – Paradaphoenus; Canidae – Archaeocyon, Cynarctoides, Cynodesmus, Desmocyon, 417 

Enhydrocyon, Mesocyon, Otarocyon, Philotrox, Sunkahetanka; Nimravidae – Nimravus, Pogonodon 418 
AMNH Rosebud, SD: Canidae – Cormocyon, Cynarctoides, Enhydrocyon, Leptocyon, Paraenhydrocyon; 419 

Nimravidae – Nimravus 420 
Stage Hill: Amphicyonidae – Cephalogale, Ysengrinia; Canidae – Cynarctoides, Desmocyon, Phalocyon; 421 

Mustelidae – Zodiolestes 422 
Rosebud, SD: Canidae – Desmocyon, Phlaocyon; Mustelidae – Megalictis, Promartes 423 
Flint Hill, SD: Amphicyonidae; Canidae – Tomarctus; Feliformia – Palaoegale; Mustelidae – Promartes; Ursidae – 424 

Ursavus  425 
Martin Canyon, CO: Canidae – Cynarctoides, Phlaocyon, Protomarctus 426 
Foley Quarry: Amphicyonidae – Cynelos; Canidae – Cynarctoides, Leptocyon 427 
Sheep Creek: Amphicyonidae – Amphicyon, Cynelos, Pliocyon; Canidae – Cynarctoides, Osbornodon, 428 

Protomarctus; Felidae – Pseudaelurus; Mustelidae – Brachypsalis, Dinogale, Mionictis, Sthenictis 429 
Humbug/Echo: Amphicyonidae – Amphicyon, Cynelos, Pliocyon; Canidae – Cynarctoides, Euoplocyon, 430 

Microtomarctus, Osbornodon, Paracynarctus, Psalidocyon, Tomarctus; Felidae – Pseudaelurus; Mustelidae – 431 
Brachypsalis, Leptarctus, Mionictis, Plionictis, Sthenictis; Procyonidae – Probassariscus 432 

Eubanks, CO: Amphicyonidae – Cynelos; Canidae – Aelurodon, Leptocyon, Microtomarctus, Tomarctus; Felidae – 433 
Pseudaelurus; Mustelidae – Brachypsalis, Leptarctus 434 

Keota Fauna, CO: Amphicyonidae – Amphicyon, Cynelos; Canidae – Aelurodon, Carpocyon, Microtomarctus, 435 
Tomarctus; Mustelidae – Brachypsalis, Mionictis 436 

Hottell Ranch: Amphicyonidae – Pseudocyon; Canidae – Aelurodon, Leptocyon, Tomarctus; Felidae – 437 
Pseudaelurus; Mustelidae – Plionictis 438 

Norden Bridge: Amphicyonidae – Pseudocyon; Canidae – Aelurodon, Carpocyon, Cynarctus, Leptocyon, 439 
Paratomarctus; Felidae – Pseudaelurus; Mustelidae – Brachypsalis, Leptarctus, Miomustela, Mionictis, 440 
Plionictis; Ursidae – Hemicyon 441 

Carrot/Egelhoff: Amphicyonidae; Canidae – Aelurodon, Leptocyon; Mustelidae – Leptarctus, Miomustela; 442 
Procyonidae – Arctonasua, Probassariscus 443 

Myers Farm: Amphicyonidae; Canidae – Aelurodon, Cynarctus, Leptocyon, Paratomarctus; Mustelidae – 444 
Leptarctus, Mionictis, Parataxidea, Pliogale, Plionictis; Procyonidae – Arctonasua, Probassariscus; Ursidae – 445 
Ursavus 446 

Railway Quarry: Amphicyonidae; Canidae – Aelurodon, Carpocyon, Cynarctus, Leptocyon, Paratomarctus; 447 
Felidae; Mustelidae – Leptarctus; Procyonidae – Bassariscus 448 

Verdigre Quarry: Amphicyonidae – Ischyrocyon; Canidae – Aelurodon, Cynarctus, Leptocyon, Tomarctus; Felidae – 449 
Pseudaelurus; Mustelidae – Brachypsalis, Leptarctus; Procyonidae – Bassariscus; Ursidae – Plithocyon 450 

Devils Gulch: Amphicyonidae – Ischyrocyon; Canidae – Aelurodon, Carpocyon, Cynarctus, Paratomarctus; 451 
Mustelidae – Leptarctus, Plionictis 452 

Kennesaw, CO: Amphicyonidae – Amphicyon; Canidae – Cynarctus, Euoplocyon, Leptocyon; Felidae – 453 
Pseudaelurus; Mustelidae – Brachypsalis, Leptarctus, Plionictis 454 

Burge Fauna: Amphicyonidae – Ischyrocyon, Pseudocyon; Canidae – Aelurodon, Carpocyon, Leptocyon, 455 
Paratomarctus; Mustelidae – Mionictis, Sthenictis; Ursidae – Hemicyon 456 

Minnechaduza: Amphicyonidae – Ischyrocyon; Canidae – Aelurodon, Borophagus, Epicyon; Felidae – Nimravides; 457 
Mustelidae – Brachypsalis, Leptarctus, Plionictis; Ursidae – Hemicyon 458 

Big Spring, SD: Amphicyonidae – Ischyrocyon; Canidae – Aelurodon, Epicyon, Leptocyon; Felidae – Pseudaelurus; 459 
Mustelidae – Sthenictis; Nimravidae – Barbourofelis 460 

Amebeledon: Canidae – Borophagus, Epicyon, Vulpes; Felidae – Nimravides; Mustelidae – Martes, Sthenictis; 461 
Nimravidae – Barbourofelis; Ursidae – Indarctos 462 

Snake Creek: Canidae – Aelurodon, Borophagus, Epicyon, Leptocyon; Felidae – Machairodus; Mustelidae – 463 
Leptarctus, Pliotaxidea; Procyonidae – Arctonasua; Ursidae – Agriotherium 464 

LeMoyne: Canidae – Borophagus, Epicyon, Vulpes; Felidae – Nimravides; Mustelidae – Mustela 465 
 466 

DR2008203



 20

Supplementary Discussion. Chronologic adjustments 467 

Juntura. Fossils of the Juntura can be no older than 10.9 Ma  and no younger than 9.7 Ma (Kohn 468 

and Law, 2006). Tephrachronology of an ash that is basal to the fossiliferous upper Juntura 469 

suggests an age of either 10.45 or 10.94 Ma, and an ash midway through the Juntura is probably 470 

10.2 Ma  (see accompanying data below). We assume an age of 10.6±0.3 Ma. 471 

Drewsey. Fossils from the Drewsey Formation are commonly assumed to be c. 8 Ma (Tedford et 472 

al., 2004). However at least one location is overlain by an ash that yields a 9.7 Ma 40Ar/39Ar age 473 

on sanidine (see accompanying data below). These samples occur well above the 10.2 Ma ash, 474 

and we assign an age of 9.95±0.25 Ma. 475 

Flint Hill, SD and Martin Canyon, CO. These fossils are commonly assigned to the early 476 

Hemphillian (17.5 to 18.8 Ma), however they both contain diagnostic late Hemphillian (16-17.5 477 

Ma) taxa, including Hypolagus and Paraceras (Flint Hill), and Paraceras, Teleoceras and 478 

Aphelops (Martin Canyon). Many common late Hemphillian taxa are not present, such as 479 

dromomerycids, the oreodont Brachycrus, common members of the Equinae, and several 480 

camellids and antilocaprids. These observations imply a latest early Hemphillian to earliest late 481 

Hemphillian age, and we assign a slightly younger age of 17.25 to 18.25 Ma, i.e., they cannot be 482 

early early Hemphillian.  483 

Chronology of Juntura Volcanic Rocks. Sanidine crystals were separated from two tuffs in the 484 

Juntura and Drewsey Formations and analyzed at the New Mexico Geochronology Research 485 

Laboratory. The following description of analytical methods is based on their standard 486 

procedures at the time of analysis: 487 

Minerals were separated by standard heavy liquid, magnetic and hand-picking 488 

techniques, loaded into a machined Al disc, and irradiated for 7 hours in the D-3 position, at the 489 
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Nuclear Science Center, College Station, TX. The neutron flux monitor was Fish Canyon Tuff 490 

sanidine (FC-1), with an assigned age = 27.84 Ma (Deino et al., 1990) relative to Mmhb-1 at 491 

520.4 Ma (Samson et al., 1987). Samples were analyzed in a Mass Analyzer Products 215-50 492 

mass spectrometer on line with an automated all-metal extraction system.  Single sanidine 493 

crystals were fused with a 50 watt Synrad CO2 laser. Reactive gases were removed during a 2 494 

minute reaction with 2 SAES GP-50 getters, operated at ~450°C and at 20°C. The gas was also 495 

exposed to a W filament operated at ~2000°C and a cold finger operated at -140°C. Electron 496 

multiplier sensitivity averaged 1.0x10
-16

 moles/pA. Total system blank and background were 497 

275, 6, 0.4, 3, 1.6 x 10
-18

 moles for masses 40, 39, 38, 37, 36, respectively. J-factors were 498 

determined to a precision of ± 0.1% by CO2 laser-fusion of 4 single crystals from each of 4 radial 499 

positions around the irradiation tray. Correction factors for interfering nuclear reactions were 500 

determined using K-glass and CaF2: 501 

(
40

Ar/
39

Ar)K = 0.00020±0.0003; (
36

Ar/
37

Ar)Ca = 0.00028±0.00001; and (
39

Ar/
37

Ar)Ca = 502 

0.00070±0.00002.  503 

The weighted mean age (WMA) was calculated by weighting each age analysis by the inverse of 504 

the variance. The weighted mean error was calculated using standard methods (Taylor, 1982). 505 

MSWD values were calculated for n-1 degrees of freedom. Decay constants and isotopic 506 

abundances follow Steiger and Jäger (1977).  507 

The resulting ages (9.66±0.04 and 9.74±0.03 Ma; ±1σ) are indistinguishable from the 508 

Devine Canyon tuff, dated at 9.68±0.03 (Deino and Grunder, cited in Jordan et al., 2002). This 509 

age requires that the Drewsey and Juntura Formations are at least as old as 9.7 Ma.   510 
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Ages of welded tuff from top of Juntura Formation, immediately west of Juntura 511 
ID 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 39ArK(mol) K/Ca %40Ar* Age  ±1s 
   (x 10-3)  (x 10-15)      
MK 8014 Single Crystal Sanidine, J=0.0007602, NM-148, Lab#=52954    
15  6.820  0.0015  0.0934  2.68  350  99.6  9.292  0.080  
12  7.137  0.0060  0.7997  1.30  84.5  96.7  9.44  0.16  
07  7.312  0.0096  1.239  4.18  53.3  95.0  9.502  0.058  
11  7.096  0.0030  0.3311  1.82  172  98.6  9.57  0.12  
06  7.267  0.0025  0.8562  3.93  202  96.5  9.595  0.063  
09  7.120  0.0026  0.2778  5.52  200  98.8  9.626  0.048  
10  7.138  0.0061  0.3184  6.18  83.7  98.7  9.635  0.040  
01  7.208  0.0068  0.5506  5.09  75.2  97.8  9.637  0.051  
08  7.189  0.0054  0.4284  3.35  94.8  98.2  9.660  0.071  
05  7.165  0.0027  0.2538  5.14  188  99.0  9.698  0.049  
14  7.230  0.0087  0.4242  3.76  58.6  98.3  9.719  0.064  
04  7.253  0.0032  0.4605  9.41  157  98.1  9.735  0.033  
02  7.722  0.0077  1.838  6.23  66.0  93.0  9.820  0.048  
03  7.430  0.0050  0.5522  7.83  102  97.8  9.940  0.034  
WMA   MSWD=1.81  n=11   124.6 ±59.3  9.655  0.038  
Note: numbers in italics omitted from average. Ages and errors in Ma 512 

Ages of ash fall tuff immediately above Drewsey Formation at Otis Basin 513 
ID 40Ar/39Ar 37Ar/39Ar 36Ar/39Ar 39ArK(mol) K/Ca %40Ar* Age  ±1s 
   (x 10-3)  (x 10-15)      
MK 90015 Single Crystal Sanidine, J=0.0007622, NM-148, Lab#=52959    
12  7.084  0.0060  0.3251  2.51  84.9  98.7  9.584  0.091  
08  7.123  0.0032  0.2005  5.56  158  99.2  9.688  0.045  
11  7.133  0.0024  0.2102  8.91  214  99.1  9.697  0.033  
07  7.136  0.0080  0.1652  8.60  63.4  99.3  9.720  0.034  
10  7.149  0.0064  0.2078  8.80  80.2  99.1  9.721  0.032  
06  7.134  0.0041  0.1453  6.50  125  99.4  9.725  0.039  
04  7.113  0.0080  0.0610  4.78  64.2  99.8  9.731  0.049  
01  7.137  0.0048  0.1260  6.61  107  99.5  9.738  0.040  
03  7.124  0.0075  0.0510  7.76  68.2  99.8  9.750  0.033  
02  7.168  0.0025  0.1710  6.22  208  99.3  9.761  0.043  
15  7.135  0.0057  0.0490  5.19  90.0  99.8  9.765  0.046  
05  7.116  0.0050  -0.0287  6.57  102  100.1  9.771  0.039  
09  7.197  0.0075  0.1532  5.49  67.6  99.4  9.809  0.045  
14  7.147  0.0081  -0.1274  3.37  62.7  100.5  9.853  0.068  
13  7.123  0.0022  -0.2740  3.21  228.6  101.1  9.879  0.070  
WMA  MSWD=1.22  n=15  115.0 ±59.0  9.740  0.029  
Note: Ages and errors in Ma 514 
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Geochemistry of Juntura Volcanic Rocks. Vitric ashes were collected from the base of the 515 

upper member of the Juntura Formation (“Basal Ash”), and from ~75m above the base, or ~2/3 516 

of the way through the upper section (“Middle Ash”). Fossils are most abundant in the lower half 517 

of the upper member, i.e., below the “Middle Ash”. Major and trace element data were collected 518 

via XRF and solution ICPMS in the GeoAnalytical laboratory, Washington State University, 519 

using their standard procedures. Similarity indices (Brochardt et al., 1972) were calculated using 520 

both unweighted and weighted comparisons to ashes exposed regionally (Perkins et al., 1998), 521 

including the elements Si, Ti, Al, Fe, Ba, Nb, Rb, Sr, Y, Zn, Zr, La, Nd, Th, and Ce. Higher 522 

values of similarity index indicate higher probability of correlation. The latest Clarendonian 523 

faunas observed in the Juntura can be no older than the 10.94 Ma Cougar Point Tuff 8, which 524 

occurs in strata with middle Clarendonian faunas (Tedford et al., 2004), and no younger than the 525 

overlying 9.7 Ma Devine Canyon Tuff. For weighted comparisons, high-field strength elements 526 

were weighted more strongly (weight of 2), and alkaline metals and earths were deweighted 527 

(weights of 0.25 and 0.5). Both the weighted and unweighted similarity indices strongly suggest 528 

that the “Middle Ash” corresponds with Opal Canyon 3 (10.19 Ma). The “Basal Ash” correlates 529 

either with Cougar Point Tuff 8 (10.94 Ma), or with Cougar Point Tuff XV/9j (the same tuff 530 

analyzed separately; 10.45 Ma). All these ages are consistent with regional biochronology 531 

(Tedford et al., 2004). 532 
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Major and trace element data for vitric ashes from Juntura Formation and comparison to other ashes exposed regionally. 

 
Basal 
Ash 

Middle 
Ash Celatron

Quarry
G9 Hazen 

Opal 
Cyn3 CPT9b 

CPT 
XV 

CPT 
9j 

Opal 
Cyn2 CPT8 CPT7 Weights

Age 10.94;10.45 10.19 9.73 9.73 9.81 10.19  10.45 10.45 10.54 10.94 11.19  
Component              
SiO2  70.88 70.66 71.90 72.10 71.70 71.90 74.80 71.20 73.40 72.30 75.00 72.80 1.00 
TiO2  0.23 0.35 0.16 0.14 0.31 0.29 0.28 0.30 0.28 0.28 0.20 0.23 * 
Al2O3 11.26 11.33 11.80 11.90 11.30 11.40 11.80 11.00 11.50 11.30 11.50 11.60 1.00 
Fe2O3 2.25 2.30 1.23 1.18 2.26 2.28 2.36 2.54 2.60 2.47 2.06 2.17 * 
MnO 0.03 0.06 0.04 0.03 0.03 0.04 0.03 0.04 0.04 0.03 0.03 0.04  
MgO  0.15 0.13 0.09 0.09 0.11 0.09 0.10 0.08 0.06 0.06 0.03 0.12  
CaO  0.65 0.83 0.66 0.65 0.76 0.74 0.61 0.72 0.77 0.69 0.70 0.78 * 
BaO    0.08 0.04 0.13 0.09 0.08 0.08 0.13 0.08 0.04 0.06 * 
Na2O 1.49 1.56 2.00 2.20 2.00 1.70 2.54 2.30 2.78 2.30 2.59 2.59  
K2O  5.93 5.83 6.60 6.30 5.90 6.00 5.68 5.80 5.76 4.90 6.09 5.82 0.25 
Cl    0.09 0.08 0.02 0.02 0.02 0.02 0.03 0.03 0.03 0.02  
F    0.12 0.09 0.08 0.08 0.21 0.19 0.25 0.10 0.13 0.24  
LOI (H2O) 6.07 5.74 4.80 5.90 5.90 5.60 1.60 6.00 2.60 6.90 2.10 3.00  
Total 98.94  98.79  99.50 100.70 100.50 100.20 100.11 100.20 100.20 101.30 100.50 99.47  
              
Fe 1.57 1.61 0.78 0.72 1.43 1.57 1.37 1.56 1.5 1.65 1.29 1.33 1.00 
Ca 0.47 0.59 0.54 0.46 0.51 0.59 0.42 0.47 0.48 0.56 0.4 0.4 1.00 
Ba 525 1160 542 566 1066 1114 981 1008 1020 1098 700 1000 0.25 
Mn 222 437 220 200 216 232 215 233 240 257 180 195  
Nb 39 41 30 28 40 40 39 45 44 46 38 38 1.00 
Rb 228 209 146 146 180 168 179 179 173 168 184 178 0.25 
Sr 21 49 60 45 44 48 44 35 39 50 24 40 0.50 
Ti 1362 2091 897 820 1804 1785 1656 1592 1610 1635 1120 1710 2.00 
Y 61 58 45 43 59 60 53 64 59 71 76 48 1.00 
Zn 60 53 30 27 40 46 37 52 63 60 63 33 1.00 
Zr 364 469 175 143 445 449 443 475 460 449 350 415 2.00 
La 86 81 75 74 74 66 84 81 92 73 96 81 1.00 
Nd 61 57 57 57 54 57 57 65 68 64 68 56 1.00 
Th 32 29 20 21 26 26 29 26 30 26 31 30 1.00 
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Ce 157 145 142 144 140 146 151 160 171 162 174 145 1.00 
              
SI (wtd) LJ   0.72 0.70 0.84 0.85 0.85 0.88 0.90 0.87 0.89 0.84  
SI (unwtd) LJ   0.75 0.74 0.83 0.84 0.83 0.88 0.89 0.84 0.91 0.83  
SI (wtd) UJ   0.70 0.67 0.91 0.93 0.86 0.90 0.89 0.90 0.79 0.86  
SI (unwtd) UJ   0.74 0.73 0.91 0.94 0.87 0.90 0.90 0.91 0.80 0.86  
Note: Ages in Ma. Numbers in bold show best fit similarity indices. * Element, rather than oxide used in calculating similarity indices. 
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Supplementary Figure DR1. Sample diversity vs. area for fossil localities, showing no systematic 

bias (slope) for the considered range of areas. Thick black lines are linear regressions through 

Great Plains (Central and Southern) and western U.S. (Mojave, Columbia Plateau, and Snake 

River Plain). Stippled box is expected range of areas sampled by individual sites. Thin dashed 

line is for all mammal diversity (Barnosky et al., 2005); thick dashed line assumes 40% of 

diversity, roughly commensurate with ratios of ungulates to total numbers of taxa in collections 

considered. Intersection of thick dashed line with regressed lines supports averaging of proximal 

sites up to areas of a few tens of km2. 
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