Supplementary text: Description of the sedimentology of select horizons of the Cabbage Patch beds
C1708 – Sharp Claw Butte

Sharp Claw Butte is an assemblage of the lower Cabbage Patch beds (Fig. 3) within the type area (i.e., the Flint Creek basin, Fig. 1). The unit (840 cm thick) of light olive gray (5Y 6/2) ash-derived siltstone (Fig. 6A) contains clay (~15%) and minor amounts of very fine to fine sand (< 5 %). The grains are moderately sorted and sub-angular to angular. There are no visible sedimentary features in this massive bed in which the richest concentration of fossils is located about 90 to 180 cm from the top of the overlying horizon. This overlying horizon consists of interbedded mudstones and siltstones where a few invertebrate and vertebrate fossils can be found (Rasmussen, 1977). The underlying bed is a bedded mudstone where some rare vertebrate fossils can be found (Rasmussen, 1977; personal observations, 2013). The contact with this underlying horizon is gradual. The contact with the upper horizon is buried. 

The fossils from Sharp Claw Butte include common small root traces and small plant fragments scattered throughout the unit. There are a few molds and debris of land and freshwater snails but no complete shells. There are a few molds of ostracods. Vertebrate bones are common and scattered throughout the unit but most vertebrate fossils are concentrated in a productive horizon towards the top of the unit. Amphibians are common. There are some local associations of frog bones including articulated specimens such as the type of Tephrodytes brassicarvalis (Henrici, 1994). Mammal bones and teeth are common but mostly isolated and scattered. Rarely, the teeth of a single individual are recovered associated. A few partial mammal skulls have been recovered as well (e.g., KU 18166). Most mammal fossils are very fragmentary but rarely heavily weathered. Fish bones are particularly abundant (relative to other deposits) at this assemblage.

C1721 – Hops Garden

Hops Garden is an assemblage of the lower Cabbage Patch beds from the Flint Creek basin (Fig. 1). The fossiliferous horizon is a 145 cm thick unit of mudstone (Figs. 3, 6C). The unit includes multiple lenses of ashes, some of which little reworked and pristine. These lenses may be as thick as 15 cm. The pale olive (5Y 6/3) mudstone is moderately sorted. The ash-derived unit contains mostly clay and silt as well as minor amounts of very fine to fine sand (< 5 %). The silt grains are subangular to subrounded grains. 

The bed is massive with no visible sedimentary features. The fossils are dispersed throughout the unit; there is no concentration of the fossils. The overlying horizon is an aeolian ash fall 19 cm thick. The base of the fossiliferous unit is buried and the underlying unit is not available for description. The contact with the overlying horizon is abrupt. 

The fossils from Hops Garden include common root traces and small plant fragments scattered throughout the unit. There are some molds and debris of land and freshwater snails but no complete shells. Vertebrate bones are common and scattered throughout the unit. Frog remains are common. Mammal bones and teeth are common but mostly isolated and scattered. The teeth of a single individual are sometimes recovered associated. No fish bones were recovered at this assemblage.

C1707 – Grizzly Den

Grizzly Den is an assemblage of the lower biostratigraphic unit of the Cabbage Patch beds from the Flint Creek basin (Fig. 1). The unit is a fining-upwards 85 cm thick arkosic sandstone (Figs. 3, 6B). The grains of the basal 15 cm of the unit are mostly very fine to medium sized with few (< 10%) coarse and very coarse grains. Some lenses of sand are much coarser (mostly coarse to very coarse sand with less than 5% of smaller grains). The sandstone somewhat coarsens for the next 5 cm up section where it is dominated by fine to very coarse grains. The upper part of the unit is composed mostly of silt-sized to fine sand grains with few medium to very coarse grains (< 2 %). The sandstone is an arkose including grains of mica, quartz, feldspar, and iron oxide. It is very poorly sorted. The arkose is poorly consolidated towards the base of the unit and much better consolidated towards the top. Sediment color varies greatly throughout the beds. The grains are angular to sub-rounded. Cross-bedding is visible throughout the unit (Fig. 6B). The fossils are concentrated in the bottom 15 cm of the unit along with coarser grains of sand (Fig. 7a). The underlying horizon is a siltstone with few grains of sand that contains a few fish bones in its upper half. The overlying horizon is a massive ash-derived siltstone with numerous, sometimes large (> 0.5 cm wide) root casts, few small plant fragments, freshwater snail shells, amphibian and fish bones, mammalian bones and teeth. Rasmussen (1977) also reported the presence of charophytes, diatoms, land snails, and sponge spicules. The contact between C1707 and the underlying unit is an unconformity. The contact with the overlying unit is gradual. 

The fossils from Grizzly Den include common small root traces towards the top of the unit. A few small plant fragments are scattered throughout the unit. There are a few fragments of freshwater snails but no complete shells. Vertebrate bones and teeth are common at the base of the unit and very rare above. All vertebrate fossils are isolated and scattered. No articulated material was recovered from this unit. Fish bones are present though less common than at C1708. Amphibian bones are very abundant, more so than in any other assemblage considered in this study. Mammal fossils are common and very fragmentary.
MV6613 – Tavenner Ranch3

Tavenner Ranch 3 is an assemblage of the lower Cabbage Patch beds from the Deer Lodge basin (Fig. 1). The fossiliferous horizon is a 350 cm thick unit of sandy mudstone (Fig. 4). The unit includes some calcareous nodules as well as occasional thin lenses of arkosic sand containing sedimentary and metamorphic rock fragments. These lenses are common about 130 cm from the base of the unit. The sandy mudstone is yellowish brown (10YR 5/3 to 5/4) at the base of the fossiliferous unit (lower 120 cm) where most fossils are found. It is light olive gray (5Y 6/2) towards the top of the unit (top 230 cm). The matrix is poorly sorted and contains mostly clay as well as abundant very fine sand and silt. Few silt-sized glass shards can also be found (< 5%). Granules are rare (< 2%). The silt grains are angular to subrounded, the sand grains subangular to rounded. Glass shards are angular to subangular.

The bed is massive with no visible sedimentary features. Calcareous nodules are present in the unit. The fossils are dispersed throughout the unit but are most abundant in the bottom 120 cm of the unit. They are not associated with the lenses of arkosic sand. The overlying horizon is a sandy mudstone 60 cm thick very similar in lithology to the unit of MV6613 but displays massive bedding. The contact between the two units is undescribed. The horizon underlying the unit bearing MV6613 is a coarse-grained arkosic sand over 160 cm thick. The contact between the two units is abrupt. 

The fossils from MV6613 include common root traces scattered throughout the unit but most abundant at the base of the unit. Rare slug shells and fresh-water snail shells are found throughout the unit. Mammal bones and teeth are common but mostly isolated and scattered. No fish or frog bones were recovered at this assemblage. No fossils have been recovered from the unit underlying MV6613. 

C1704 – Strawberry Quarry

Strawberry Quarry is a very productive assemblage of the middle Cabbage Patch beds in the Flint Creek basin (Fig. 1). The 670 cm thick unit of mudstone is light gray (5Y 7/1) at the base of the unit and pale yellow (5Y 7/3) towards the top of the unit (Figs. 3, 6D). The ash-derived matrix is dominated by clay and silt; it contains only minor amounts of very fine to fine sand (< 5 %). The silt and sand grains are moderately sorted and sub-rounded to sub-angular. There are some very rare (< 1% of the matrix) burrow casts of insects. The fossils are concentrated in the middle 60 cm of the unit. The overlying horizon is a very coarse-grained, cross-bedded conglomerate. A water-worn tooth fragment was found in this unit (Rasmussen, 1977). The underlying bed is a poorly sorted, very-coarse sand. A single water-worn rhinoceros tooth was found in that unit (Rasmussen, 1977). The contact between the fossil-bearing unit and the overlying conglomerate is abrupt. The contact with the underlying horizon is buried. 

The fossils from Strawberry Quarry include rare diatoms (Rasmussen, 1977), common plant fragments scattered throughout the unit, and rare ostracods. Root casts are very common and sometimes quite large (> 2 cm in diameter). Invertebrate fossils include molds and fragments of freshwater and land snails (no complete shells). Slug shells are also present, sometimes abundant in screenwashed concentrate. Fish bones are very rare at Strawberry Quarry. A few salamander vertebrae (Plethodontidae: Tihen and Wake, 1981; Salamandridae: Tihen, 1974; pers. obs.) have been recovered in this horizon. Frogs are also present but not as abundant as they are at Sharp Claw Butte or Hops Garden. Mammal bones and teeth are common but mostly isolated and scattered. Quarrying of the outcrop led to the discovery of several fragmented canid specimens (Cynodesmus thooides, UWBM 97346, 97348, 98680, 98730) concentrated in a lens. Most specimens however are found isolated and disarticulated. 
C0174 – Cabbage 13

Cabbage 13 is an assemblage of the middle Cabbage Patch beds in the Flint Creek Basin (Figs. 1) correlated to the section measured by Rasmussen (1977). The corresponding measured unit is 1400 cm thick (Fig. 3). Neither the base nor the top of the unit hosting Cabbage 13 are exposed. The unit is a mudstone consisting mostly of clay and silt (Fig. 6E). There are only few very fine to fine sand grains (~5%). The mottled pale brown (2.5Y 8/2) to light gray (2.5Y 7/2) matrix is poorly sorted. The silt and sand grains are sub-rounded to sub-angular. There are no visible sedimentary features in this massive bed. The overlying horizon consists of a massive ash-derived siltstone where few mammal bones and plant fossils (rare diatoms, common plant fragments and root traces) have been found (Rasmussen, 1977). The underlying bed is a rooted aeolian ash bed. The contact with the overlying horizon is buried. The contact with the underlying horizon is abrupt.

Cabbage 13 was first discovered by Konizeski and colleagues (Konizeski and Donohoe, 1958) who found an in-situ Diceratherium dentary. Since then, numerous mammalian fossils have been recovered. Most mammalian remains are isolated and scattered partial jaws, teeth, and bone fragments. No articulated material has been discovered at this assemblage yet. The mammalian fossils are most abundant in the middle of the exposed outcrop. No amphibians or fish have been recovered from this horizon to date. Invertebrates are very abundant. In fact, freshwater snails are the most abundant macrofossils in the horizon; they are more abundant than at any other outcrop of the Cabbage Patch beds examined (see Pierce, 1993). Complete shells are very commonly recovered in addition to molds and debris. Land snails are also present but rarer. Diatoms are rare but plant fragments and root traces are both very abundant. Some of these root traces are very large (> 1 cm in diameter).

C0173 – Tavenner Ranch

C0173 is a very fossiliferous assemblage of the upper Cabbage Patch beds from the Deer Lodge basin (Fig. 1). The 10.7 m thick ash-derived olive gray (5Y 5/2) siltstone (Figs. 4, 6F) contains minor amounts of clay (< 10%), rare very fine to very coarse sand grains (< 2%) as well as very few granules and pebbles (< 2%). The matrix is poorly sorted. The grains are sub-angular to sub-rounded. There are no visible sedimentary features in this massive bed. The fossils are scattered throughout the beds. The top of the unit is eroded and there is no overlying horizon visible. The underlying horizon is a very poorly sorted massive siltstone with very few sand grains. No fossils have been recovered from this horizon. 


 The fossils found at C0173 include very abundant small to medium sized root casts. Land snails are abundant but freshwater snails are rare. Vertebrate fossils include common mammal bones and teeth, rare amphibian and turtle remains, and some very rare fish remains. Numerous bone fragments are recovered as well as more complete specimens including partial jaws, skulls, and associated bones. Some specimens may be heavily weathered.

Supplementary tables: 

TABLE S1—Weathering stages of Fiorillo (1988). After Moore and Norman (2009, table 4). 
	Weathering stage
	Description

	0
	Bone surface shows no sign of cracking or flaking



	1
	Bone surface shows cracking, usually parallel to fibrous grain of bone. Cracking confined to outermost layers of bone.



	2
	Bone surface shows flaking, as well as cracking, on outer surface. Cracking has started to penetrate bone cavities.



	3
	Extreme outermost layers are gone; fibrous texture present. Most cracks penetrate into bone cavities.




TABLE S2—Abrasion stages of Fiorillo (1988). After Moore and Norman (2009, table 4). 
	Abrasion stage
	Description

	0
	The bone is still fresh and unabraded. All process and edges of bone are still very sharp and well defined.

	1
	Abrasion has been slight. Edges and processes have begun to show some rounding or polish.

	2
	Abrasion has been moderate. Edges are well rounded. Processes are recognizable as protrusions on bone.

	3
	All edges extremely well rounded. Processes no longer present or, at best, are merely remnants.


TABLE S3—Element categorization and surface area to volume ratio categories used in this study (after Moore and Norman, 2009). Abbreviations: SA = surface area, Vol = volume.
	Category
	Element

	1 (lowest SA:Vol)
	Astragalus, sesamoid-patella, podial

	2
	Calcaneum, phalanx, vertebra

	3
	Humerus, femur, ulna, radius, tibia, metapodial

	4
	Dentary, fibula, sacrum, pelvis, rib

	5 (highest SA:Vol)
	Skull, scapula


TABLE S4—Comparisons of size across assemblages: summary of the p-values of the pairwise Nemenyi test. Significant differences are indicated by *.

	
	C0173
	C0174
	C1704
	C1707
	C1708
	C1721

	C0174
	1.00
	--
	--
	--
	--
	--

	C1704
	0.51
	0.89
	--
	--
	--
	--

	C1707
	0.04*
	0.21
	0.93
	--
	--
	--

	C1708
	0.12
	0.01*
	0.00*
	0.00*
	--
	--

	C1721
	1.00
	0.96
	0.28
	0.01*
	0.29
	--

	MV6613
	0.21
	0.03*
	0.00*
	0.00*
	1.00
	0.43


TABLE S5—Comparisons of weathering across assemblages: summary of the p-values of the pairwise Chi-square tests. Significant differences are indicated by *.

	
	C0173
	C0174
	C1704
	C1707
	C1721
	C1708

	C0174
	0.233
	--
	--
	--
	--
	--

	C1704
	0.886
	0.077
	--
	--
	--
	--

	C1707
	0.082
	0.008*
	0.036*
	--
	--
	--

	C1721
	0.249
	0.004*
	0.37
	0.008*
	--
	--

	C1708
	0.113
	0.065
	0.036*
	0.654
	0.004*
	--

	MV6613
	0.957
	0.259
	0.665
	0.171
	0.14
	0.249


TABLE S6—Comparisons of abrasion across assemblages: summary of the p-values of the pairwise Chi-square tests. Significant differences are indicated by *.

	
	C0173
	C0174
	C1704
	C1707
	C1721
	C1708

	C0174
	0.8943
	
	
	
	
	

	C1704
	0.8943
	0.603
	
	
	
	

	C1707
	0.0235*
	0.0054*
	0.1914
	
	
	

	C1721
	0.8943
	0.8943
	0.8943
	0.0816
	
	

	C1708
	0.8943
	0.7738
	0.961
	0.1046
	0.8943
	

	MV6613
	0.8943
	0.8943
	0.8943
	0.0666
	0.9791
	0.8943


TABLE S7—Comparisons of surface area to volume ratio across assemblages: summary of the p-values of the pairwise Chi-square tests. Significant differences are indicated by *.

	
	C0173
	C0174
	C1704
	C1707
	C1721
	C1708

	C0174
	0.5302
	--
	--
	--
	--
	--

	C1704
	0.04*
	0.3013
	--
	--
	--
	--

	C1707
	0.4947
	0.3838
	0.04*
	--
	--
	--

	C1721
	0.0931
	0.5302
	0.8654
	0.0931
	--
	--

	C1708
	0.0117*
	0.05*
	0.0931
	0.002*
	0.0931
	--

	MV6613
	0.548
	0.1414
	0.0085*
	0.0931
	0.0163*
	0.0087*


TABLE S8—Summary of the NMDS using skeletal element representation. Scores for each assemblage in rows 1-22, loadings for the different elements in rows 24-38. Significant loadings at the 0.05 level are indicated by *, at the 0.1 level by •.

	
	NMDS1
	NMDS2

	C0173
	-0.05027442
	0.09188972

	C0174
	-0.05224435
	-0.017791668

	C1704
	-0.260864738
	-0.057764672

	C1707
	-0.008844301
	-0.090701608

	C1721
	-0.203426138
	-0.106086116

	C1708
	-0.342486136
	-0.020440708

	MV6613
	-0.070855207
	0.159641251

	Eagle Owl 1
	0.262673585
	0.056908837

	Eagle Owl 2
	0.349519431
	0.065068169

	Modern Fluvial
	0.168459003
	0.184504533

	Siwalik I
	0.037840237
	0.05176072

	Siwalik II
	0.054935809
	0.089369639

	Siwalik III
	0.078334894
	0.096488259

	Siwalik IV
	-0.02240311
	0.032606949

	Pliocene Channel Fill
	-0.190675662
	0.142671456

	Pliocene Floodplain
	-0.341246971
	0.058554087

	Lynx
	0.084341349
	-0.025055086

	Mongoose
	0.090990953
	-0.11322144

	Coyote
	0.123321153
	-0.056540999

	Fox
	0.134168413
	-0.085619451

	ArcticFox
	0.059441308
	-0.287150531

	Marten
	0.099294896
	-0.16909134

	
	
	

	Astragali
	-0.51053
	0.859861

	Calcanea•
	0.121828
	0.992551

	Dentaries*
	-0.87052
	0.49213

	Femora*
	0.599284
	0.800537

	Humeri
	0.260048
	0.965596

	Pelves*
	0.563112
	0.82638

	Metapodials*
	0.925683
	-0.3783

	Phalanges*
	0.298177
	-0.95451

	Radii/Ulnae*
	0.662872
	0.748733

	Ribs*
	1
	0.000381

	Scapulae
	0.387193
	0.921999

	Skulls*
	-0.20987
	0.977729

	Tibiae*
	0.567365
	0.823466

	Teeth*
	-0.99581
	-0.09144

	Vertebrae*
	0.712668
	-0.7015


TABLE S9—Summary of the NMDS scores of the assemblages included in the analysis of density.

	
	MDS1
	MDS2

	Pliocene Floodplain
	-0.070230685
	-0.153074176

	C1708
	-0.077044693
	-0.135763594

	Pliocene Channel Fill
	0.034790441
	-0.04084123

	Siwalik IV
	0.090713695
	-0.045820712

	Siwalik II
	0.140911154
	-0.076056806

	Siwalik I
	0.135456267
	-0.031917355

	Siwalik III
	0.179779268
	-0.019571624

	C1704
	-0.150754009
	-0.082065599

	C1721
	-0.061412675
	-0.074345714

	C0173
	-0.025978482
	0.011748782

	C0174
	-0.060043359
	0.017988134

	Lynx
	-0.058978883
	0.01889641

	C1707
	-0.092026358
	0.034100605

	MV6613
	0.040738782
	0.05478986

	Eagle Owl 1
	0.039459189
	0.05476409

	ArcticFox
	-0.073269414
	0.054779052

	Mongoose
	-0.044279594
	0.062077162

	Fox
	-0.078643193
	0.07159083

	Marten
	-0.090441291
	0.082370579

	Coyote
	-0.048582185
	0.068734744

	Modern Fluvial
	0.226554888
	0.026691443

	Eagle Owl 2
	0.043281139
	0.10092512


TABLE S10—Summary of the NMDS using summary characteristics of the taphonomy of Cabbage Patch assemblages. Scores for each assemblage in rows 1-7, loadings for the different elements in rows 9-19. Significant loadings at the 0.1 level by •.

	
	NMDS1
	NMDS2

	C0173
	-0.01514
	-0.01452

	C0174
	-0.0112
	-0.01957

	C1704
	-0.011711
	-0.02517

	C1707
	0.052985
	0.00971

	C1721
	0.00000391
	0.008505

	C1708
	-0.00474
	0.024967

	MV6613
	-0.03361
	0.016081

	
	
	

	Elements NMDS1
	0.248317
	-0.96868

	Elements NMDS2
	-0.99427
	0.106856

	% High Abrasion•
	0.863901
	0.503662

	% High Weathering•
	0.559061
	0.829126

	% Fragmentary
	0.377484
	0.926016

	% Complete•
	0.219865
	-0.97553

	% Large Specimens•
	-0.92103
	0.38949

	% Columnar
	-0.96211
	0.272664

	% Flat
	0.940237
	0.340521


TABLE S11— Representation of mammalian families across the Cabbage Patch assemblages studied as a percentage. Estimates were made strictly from cheek teeth.

	Family
	Sample size
	Aplodontidae
	Canidae
	Castoridae
	Cricetidae
	Dipodidae
	Eomyidae
	Equidae
	Erinaceidae
	Eutypomyidae
	Geomyidae

	C0173
	195
	28.7
	1
	1.5
	4.6
	4.1
	1
	0.5
	6.2
	0
	42.1

	C0174
	61
	4.9
	3.3
	9.8
	14.8
	23
	0
	1.6
	1.6
	0
	14.8

	C1704
	187
	18.7
	2.7
	3.2
	9.6
	34.8
	0.5
	0
	1.6
	0.5
	13.4

	C1707
	22
	9.1
	0
	13.6
	13.6
	36.4
	0
	0
	4.5
	0
	0

	C1721
	102
	20.6
	1
	7.8
	12.7
	16.7
	0
	0
	0
	0
	0

	C1708
	237
	15.6
	0.8
	4.6
	11.8
	1.7
	14.8
	0
	4.6
	0
	0

	MV6613
	42
	54.8
	0
	9.5
	0
	4.8
	7.1
	0
	0
	2.4
	0

	Family
	Herpetotheriidae
	Heteromyidae
	Leporidae
	Leptomerycidae
	Merycoidodontidae
	Proscalopidae
	Rhinocerotidae
	Sciuridae
	Soricidae
	Talpidae
	% Small mammals

	C0173
	6.2
	0.5
	0
	0.5
	1
	1
	0
	0.5
	0.5
	0
	97.4

	C0174
	9.8
	0
	11.5
	0
	0
	0
	1.6
	3.3
	0
	0
	96.8

	C1704
	8
	0
	2.7
	0
	0
	0.5
	0
	0.5
	0.5
	2.7
	97.2

	C1707
	22.7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	100.0

	C1721
	12.7
	0
	1
	15.7
	2
	2
	0
	3.9
	3.9
	0
	98.0

	C1708
	27.4
	0
	2.1
	3.8
	0
	0.4
	3
	0.8
	2.1
	6.3
	96.8

	MV6613
	4.8
	0
	4.8
	4.8
	0
	0
	0
	0
	7.1
	0
	100.0


Supplementary text: Comment about body mass of mammals from the Cabbage Patch beds. 

There are few species of large mammals present in the Cabbage Patch beds. The only large carnivore known from the Cabbage Patch beds is Cynodesmus thooides (Douglas, 1903; Wang, 1994), a ca. 9 kg canid (based on data from Wang, 1994 and formula from Van Valkenburgh. 1990). The mass of the only equid known from dental remains in the Cabbage Patch beds, Miohippus, has been estimated at ca. 50 kg (MacFadden 1986). Several species of rhinocerotids are known from the Cabbage Patch beds (Prothero and Rasmussen, 2008). Diceratherium is a very large rhinocerotid that may have been as large as ca. 2.6 tons (Paleobiology Database, 2016a). The largest species of Diceratherium, in fact, is known from the Cabbage Patch beds (Prothero and Rasmussen, 2008). Skinneroceras is a smaller rhinocerotid that may have been about half the size of the largest Diceratherium species but similar in size to the smaller D. annectens (Prothero and Rasmussen, 2008). Though the systematics of the oreodonts (Merycoidodontidae) from the Cabbage Patch beds (Riel, 1964; Rensberger, 1977) is yet to be updated, the two genera whose presence is confirmed, Eporeodon and Promerycochoerus (Calede, unpublished data), range in size from ca. 52 to as much as 241 kg (Scott, 1990; Paleobiology Database, 2016b).
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