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Abstract.- The McCullough Peaks area of the north-central Bighorn Basin, Wyoming, pre- 
serves a thick (ca. 2700 m) sequence of highly fossiliferous upper Paleocene (Fort Union 
Formation) to lower Eocene (Willwood Formation) fluvial strata. A total of 407 fossil 
localities are known from this area and 255 of these have been correlated to measured strati- 
graphic sections. These provide a biostratigraphic framework for McCullough Peaks sec- 
tions and indicate that mammalian faunal zones Ti-3 (Tiffanian land-mammal age) to Wa-7 
(Wasatchian land-mammal age) are preserved in superpositional relationship in this area. 
Comparison of faunal zone thicknesses from different parts of the basin indicate that the 
McCullough Peaks had sediment accumulation rates similar to those of the Clarks Fork 
Basin, but exhibited significantly higher rates of accumulation than the southern Bighorn 
Basin. Magnetostratigraphic polarities from faunally well-sampled sections in the northern 
Bighorn Basin are used to develop a detailed geochronology for Paleocene and early Eocene 
mammalian faunal zones. 

INTRODUCTION ~eochronolo~ical techniaues over the last two decades have 

The North American Land-Mammal Age (NALMA) frame- 
work was set up in 1941 by a seven-person committee to 
provide a common biostratigraphic framework for correlation 
among local mammal-bearing stratigraphic sections in North 
America (Wood et al., 1941). Although this framework has 
been consistently updated and revised since its formation, the 
basic structure remains largely unchanged (Woodburne, 1987). 
The nineteen land-mammal ages recognized today for North 
America are only slightly different, in name and meaning, from 
the "provincial ages" proposed by the Wood committee. Much 
of the biostratigraphic work that has taken place since the Wood 
committee report has been dedicated to developing useful 
zonations within these mammal ages in order to further refine 
biostratigraphic correlations. These finer-scale mammalian 
zonations are critical for making detailed geological and pale- 
ontological comparisons within and between different 
depositional basins in North America. Improvements in 

- 
also led to imiortant advices in correlating the NALMAframe- 
work to the global geological time scale (Berggren et al., 1995) 
so patterns of mammalian turnover from North America can be 
compared to climatic and biotic records in other geological 
settings (Woodburne and Swisher, 1995). This has been par- 
ticularly important in the Paleogene part of the NALMA record 
where several episodes of global climate change have been 
linked to NALMA boundaries (Koch et al., 1992; Clyde et al., 
2001). 

The Bighorn Basin has played a key role in developing the 
early Paleogene part of the NALMA framework. The combi- 
nation of extensive exposure of fossiliferous deposits of Pale- 
ocene and early Eocene age and a consistent succession of field- 
based research programs has made the Bighorn Basin one of 
the best-documented biostratigraphic sequences in the North 
American mammalian fossil record (Gingerich, 1980). Mam- 
malian assemblages of Puercan, Torrejonian, Tiffannian, 
Clarkforkian, and Wasatchian land-mammal ages have been 
recovered in superpositional relationship in various parts of 

In: Paleocene-Eocene Stratigraphy and Biotic Change in the Bighorn the basin. The internal zonation for the early Paleogene part of 
and Clarks Fork Basins, Wyoming (P. D. Gingerich, ed.), University of the NALMA framework is largely the result of detailed Sam- 
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FIGURE 1 -Map showing the location of the McCullough Peaks field area in relation to the Clarks 
Fork Basin-Polecat Bench region to the north and southern Bighorn Basin area to the south. Light 
grey color outlines the lower Eocene Willwood Formation and dark grey outlines the lower-middle 
Eocene Tatman Formation. 

The McCullough Peaks area represents an important part of 
the Bighorn Basin record for several reasons. It lies geographi- 
cally and stratigraphically between the already well-sampled 
areas to the north (Clarks Fork Basin-Polecat Bench area; 
Gingerich, 1976, 1989; Rose, 1981) and south (southern Big- 
horn Basin area; Bown, 1979; Bown et al., 1994; Wing, 1980, 
1998), providing a natural and much needed link between many 
previous Bighorn Basin studies. It preserves an essentially 
uninterrupted stratigraphic record from the Tiffanian through 
the late Wasatchian (Lostcabinian) making it rather unique in 
its continuity. Ongoing magnetostratigraphic research in this 
area has proven important in developing a refined geochronol- 
ogy for the early Paleogene part of the NALMA framework 
(Clyde et al., 1994). The Bighorn Basin provides a unique 
opportunity to develop a spatially complete picture of a terres- 
trial ecosystem through an important period of global climatic 
change and the McCullough Peaks will play a central role in 
piecing together this multi-dimensional puzzle. 

GEOLOGICAL SETTING 

The McCullough Peaks study area lies between the Shoshone 
River and Greybull River in the north-central part of the 
Bighorn Basin and spans almost the entire width of the basin 
(Fig. 1). The study area has been split into three laterally adja- 
cent composite sections (Fig. 2). The southeast 
composite section is separated from the central composite 

section by a fairly substantial region of poor sampling which 
was difficult to correlate across due to lateral changes in bed 
thicknesses. The central composite section is separated from 
the northwest composite section by a fault of unknown 
displacement. Fossil localities within each of these areas were 
measured into local stratigraphic sections, and those sections 
were correlated to one another to form the composite section 
for the region. By having three separate composite sections 
within the study area, it was possible to'evaluate both temporal 
and lateral variability simultaneously. To have collapsed the 
entire McCullough Peaks study area into a single composite 
section would have been difficult, if not impossible, given the 
complex three-dimensional architecture of the Bighorn Basin's 
asymmetric fluvial deposits. 

Two geologic formations are exposed in the McCullough 
Peaks area: the Paleocene Fort Union Formation and the lower 
Eocene Willwood Formation (Fig. 2). These formations 
represent the greatest volume of sedimentary rocks filling the 
Bighorn Basin and their distinct lithologies suggest important 
differences in the depositional systems responsible for their 
origin. The Fort Union Formation is dominated by drab 
sandstones, grey mudstones, and brown-to-black lignites that 
indicate a poorly drained fluviolacustrine system with 
numerous backwater paludal environments. The Willwood 
Formation is dominated by pedogenically altered, greylred 
mudstones and channel sands that indicate a better drained 
fluvial system with numerous tributary channels and broad, 
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FIGURE 2 - Geological map for the McCullough Peaks area showing location of measured sections. Ku (dark grey) represents 
Cretaceous rocks (e.g., Lance Formation); Tfi (medium grey) is the Paleocene Fort Union Formation; Tw (light grey) is the Eocene 
Willwood Formation; and Tt (striped) is the Eocene Tatman Formation. Faults are shown with dashed lines. Local stratigraphic 
sections are labeled as follows: A, Cedar Point Section; B, South Foster Gulch Section; C, Jack Homer Reservoir Section; D, Foster 
Gulch-W Bench Section; E, Coon Creek Section; F, East W Bench Section; G, West Whistle Creek Section; H, Roan Wash 
Section; I,  Lower Peerless Coulee Section; J,  Willwood Draw Section; K, Willwood Draw North Section; L, Deer Creek Section; 
M, Vocation Section; N, Shoshone River Section. The McCullough Peaks southeast composite section is composed of local sec- 
tions A-G; the McCullough Peaks central composite section is composed of local sections H-J; and the McCullough Peaks north- 
west composite section is composed of local sections K-N. 

relatively dry, floodplains. The underlying cause of the climatic changes across the Paleocene-Eocene boundary that 
transition from Fort Union to Willwood-type deposition is not facilitated better drainage of the floodplains. 
entirely clear, but a similar transition is observed in many Despite relatively poor exposure, the Fort Union-Willwood 
Laramide basins suggesting that it relates to tectonic andlor transition is distinct in the Foster Gulch part of the study area. 



The transition is marked by a series of thick, well-developed 
red beds, interpreted to represent very mature paleosol hori- 
zons. Gingerich (1989) first documented the anomalously 
mature paleosols at this level along the Polecat Bench section 
in the northern part of the basin (although they do not coincide 
with the Fort Union-Willwood contact there) and interpreted 
them to represent a distal floodplain environment. However, 
similarly mature paleosols have been observed at this level 
throughout the entire basin (Gingerich, 1989; Bown and Kraus, 
1993; Wing, 1998), suggesting a more regional depositional 
phenomenon. The presence of such mature paleosols at the 
same time throughout the entire basin suggests that there was 
either a period of generally slower sediment accumulation or a 
period of generally higher rates of pedogenesis. Whereas low 
sediment accumulation rates could be driven by local climatic 
and/or tectonic variables, increased rates of pedogenesis are 
best explained by changes in climate. The fact that these ma- 
ture paleosols correlate precisely with a well-documented car- 
bon and oxygen isotope excursion (Koch et al., 1992; Fricke et 
al., 1998) and the anomalous Wa-0 fauna (Gingerich, 1989) 
provides compelling circumstantial evidence for a climatic role 
in this sedimentological anomaly. If true, similar depositional 
settings in other Laramide basins (e.g., Powder River Basin) 
should record a sedimentological anomaly at the same time. 
Unfortunately, this interval is presently not well-documented 
from other Laramide basins. 

Beds in the McCullough Peaks area generally strike north- 
west-southeast (bearing 135') and dips change gradually from 
approximately 40°SW at the Fort Union-Lance Formation con- 
tact (in the northeasternmost part of the study area) to horizon- 
tal in the middle to upper Willwood (Fig. 2). Local variations 
in this general pattern are common, with small-scale faulting 
and warping of beds increasing to the west. There is an abrupt 
change in bedding attitude in the Fort Union Formation in the 
Foster Gulch region (T54N, R96W). Here, relatively steeply 
dipping beds, striking approximately 160°, fold to shallower 
dips and a strike of about 110". The far western edge of the 
field area is bounded by the McCullough Peaks fault, a major 
high-angle reverse fault associated with the Beartooth uplift. 
Only one major fault was identified within the field area 
(Willwood Draw fault). The magnitude of movement along 
this normal fault is unclear based on lithological evidence, al- 
though abundant fault gouge present along the fault plane indi- 
cates simcant displacement. The Willwood Draw fault marks 
the boundary between the central and northwest composite sec- 
tions, since without a good estimate of displacement in the field, 
it was impossible to accurately correlate beds across the area. 
Interestingly, the fault seems to dissect only part of the overly- 
ing section, with undisturbed Willwood deposition above it. 
Such synsedimentary faults reflect structural activity during 
deposition. By analyzing LANDSAT images of the basin, Kraus 
(1992) suggested that major east-west trending lineaments ob- 
served in adjacent Laramide mountain ranges extended into 
the basin and affected subsidence to the point of controlling 
local depositional environments. The fault along Willwood 
draw may be associated with one of these lineaments and 

provides support for significant synsedimentary structural 
activity extending well into the basin center. 

BIOSTRATIGRAPHIC NOMENCLATURE 

The North American Land-mammal Age framework remains 
largely informal in its organization. Despite efforts to 
formalize this system into chronostratigraphic units using the 
guidelines set forth in the North American Stratigraphic Code 
(North American Commission on Stratigraphic Nomenclature, 
1983), the NALMA framework continues to be a loose hierar- 
chical network of biostratigraphic zones pieced together from 
geographically separate but temporally overlapping strati- 
graphic sequences throughout North America. Although in 
many cases sampling is now detailed enough to formalize the 
link between mammalian biostratigraphic units (e.g., biozones) 
and chronostratigraphic units (e.g., chronozones) in certain 
areas, the usefulness and stability of many of these biostrati- 
graphic zonations outside their "type" areas has not been 
demonstrated, leaving many workers content to use biostrati- 
graphic units as informal chronostratigraphic units until their 
broader context is better understood. This informality remains 
functional so long as the number and complexity of individual 
stratigraphic sections associated with a given biostratigraphic 
unit are not overwhelming, and pairwise comparisons between 
most (if not all) relevant stratigraphic sections can be made 
effectively. This remains true for most of the finer-scale 
biostratigraphies of the NALMA framework. 

Unfortunately, most traditional stratigraphic terms have been 
given a formal stratigraphic meaning, so it is difficult to 
distinguish informal and formal units based solely on 
nomenclature. However, as long as these terms are applied 
consistently, whether formally designated or not, the 
distinction is not critical. Some authors prefer to put all 
informal stratigraphic terms in quotes (e.g., North American 
Land-mammal "Ages"; see Prothero, 1995). Since most of the 
NALMA framework remains informal, I will refrain from this 
practice for purposes of space and clarity. 

The nomenclature associated with biostratigraphic zonation 
of Bighorn Basin deposits has changed significantly since 
Granger's original attempts in 19 14 (Granger, 19 14), although 
the zonation itself has changed very little (see Schankler, 1980; 
Gingerich, 1983; and Clyde et al., 1994, for comparisons). The 
biostratigraphic zonation used here follows those of Gingerich 
(1976, 1983), Rose (1981), and Archibald et al. (1987) for the 
Tiffanian and Clarkforkian land-mammal ages, and of Gingerich 
(1983, 1991) for the Wasatchian land-mammal age. These 
represent the most recent zonations proposed for these 
land-mammal ages and are in wide use. Figure 3 shows this 
framework and lists the principal first-occurring taxon that 
serves to define each zone. Most of these zones are based on 
the first appearance of a single taxon, an approach espoused by 
many biostratigraphers (Woodburne, 1987). However, other 
characteristic taxa are often used to augment correlations when 
sampling is poor. These auxiliary taxa are listed in the 
references noted above. 



NALMA Zone First Appearing Taxon 

Phenacodus - Ectocion 
Range Zone* 

wa-7 

Wa-6 

g I .d 

I " I Cf-1 I Rodentia 

Lambdotherium popoagicum 

Heptodon calciculus 

I Ti-4 I Plesiadapis churchilli 

I 

Ti-3 Plesiadapis rex 

Ti-2 Plesiadapis anceps 

wa-5 

I Ti-1 1 Plesiadapispraecursor I 

Bunophorus etsagicus 

FIGURE 3 - Faunal zone framework used in this study. Zones 
are based on Gingerich (1983,1991) and Archibald et al. (1987). 
NALMA: North American Land-mammal Age. *Phenacodus- 
Ectocion Range zone is not based on the first appearance of a 
taxon but on the abundance of Phenacodus and Ectocion and 
the absence of Plesiadapis cookei and Hyracotherium spp. 

SAMPLING AND TAPHONOMY 

There are 407 University of Michigan fossil localities in the 
McCullough Peaks study area and 255 of them have been 
correlated to measured stratigraphic sections (Fig. 4). The fos- 
sils from these localities provide a biostratigraphic 
framework to correlate McCullough Peak stratigraphic sections 
to other sections in the Bighorn Basin and elsewhere. The 
sampling strategy and taphonomic regime of these localities 
are similar to those described from other parts of the basin 
(Badgley et al., 1995). McCullough Peaks' fossil localities are 
generally from 1,000 to 5,000 square meters in area, and 
encompass approximately 10 meters of vertical section. Litho- 
logically, most localities preserve fossils in mudstone overbank 
deposits. In the Willwood Formation, the most fossiliferous 
facies is the A horizon of paleosols. Very few fossils are 
recovered from channel sandstones in the Willwood, although 

this facies is variably productive in the Fort Union. Other more 
subtle lithological changes through the section (e.g., paleosol 
maturity) may also affect taphonomic conditions, although these 
are harder to document. 

Geographically, localities are spread throughout the entire 
area, although local clusters of localities occur in especially 
well-exposed and/or accessible drainages. Localities that were 
not correlated to a stratigraphic section (shown as open 
symbols in Fig. 4) were either too distant from local 
sections to make correlation reliable, or were so unfossiliferous 
as to make the correlation irrelevant. The southeast composite 
section has far more geographic and vertical coverage of 
localities than the other two composite sections (Fig. 4). The 
vast majority of fossils recovered from McCullough Peaks 
localities were collected by University of Michigan field 
parties between the years of 1987 and 1992. Additional 
specimens were recovered by the author during the years 1993- 
1994 during geological field work in the region. All 
specimens are conserved in the Museum of Paleontology at the 
University of Michigan. Most localities have been collected 
between one and three times, with a few especially productive 
localities having as many as 10 collecting dates associated with 
them. 

Generally, fossils are partially or wholly disarticulated when 
they are recovered, but not extensively water-worn, suggesting 
low to moderate transport before burial. In both Fort Union 
and Willwood deposits, dental fragments and isolated teeth are 
by far the most common and most easily identified elements. 
Most localities were collected by surface prospecting. A few 
localities have been quarried in areas where material is highly 
concentrated, especially in the Fort Union Formation, where 
large multistory sheet sandstones sometimes preserve lag 
concentrations of fossil material (e.g., Divide Quarry [FG046]). 
Screen-washing techniques have also been used on occasion, 
especially for small concentrations of fossil material in 
Willwood paleosols (e.g., FG016). Although surface, quarry, 
and wash collections represent different taphonomic modes and 
thus should be treated as different classes of samples in any 
faunal analysis (e.g., Clyde and Gingerich, 1998), all records 
are used irrespective of their taphonomic mode for purposes of 
documenting the biostratigraphy of these McCullough Peaks 
sections. Since biostratigraphy is based on presencelabsence 
information, it is important to include all faunal information 
that is correlated to a stratigraphic section, no matter what its 
taphonomic history (unless, of course, the taphonomic history 
suggests that fossils are reworked or otherwise misplaced in 
the local stratigraphy, which is not the case here). 

PROCEDURE 

All fossil mammal material from each of the 255 correlated 
localities was examined and documented by the author in the 
following manner. Locality collections were inspected one by 
one, beginning with those in the southeast composite section 
and ending with those in the northwest composite section. 
Previously catalogued material from each locality as well as 



FIGURE 4 - Fossil locality map of McCullough Peaks field area. Open circles represent localities that have not been correlated to a 
stratigraphic section. Filled symbols represent localities that have been correlated to a stratigraphic section. Filled circles are 
localities correlated to the southeast composite section, f i e d  diamonds are localities correlated to the central composite section, 
and filled triangles are localities correlated to the northwest composite section. 

all isolated elements catalogued as "miscellaneous" were 
examined and measured using digital calipers. Isolated 
"miscellaneous" elements were identified through comparison 
with reference casts and specimens from the University of 
Michigan Museum of Paleontology collection. The 
identification of catalogued specimens was also checked and 
revised as needed. Each specimen was saved as a single record 
in a relational database that also included information on 
localities (stratigraphic level, location, formation, etc.) and taxa 

(body mass, diet, systematics, etc.). Three localities (Cedar 
Point Quarry, Divide Quarry [FG046], and Croc Tooth Quany 
[FG028]) that were correlated to stratigraphic sections were 
not examined, since much of this material is unavailable for 
study (on loan andlor generally dispersed from the collection) 
and requires a degree of attention beyond the scope of this study. 
These localities, however, have been well characterized 
elsewhere (Rose, 1981; Gingerich, unpublished data) so their 
faunal-zone identifications were used here. When catalogued 



FIGURE 5 - Generalized lithology of local stratigraphic sections measured in the McCullough Peaks southeast composite section. 
Locations of sections are shown in Figure 2. 

specimens were missing from the collection (e.g., on loan), the 
identification of that specimen in the University of Michigan 
Museum of Paleontology database was used and no 
measurements were recorded. 

The taxonomy of many groups of fossil mammals is in a 
constant state of revision, making consistent identification 
among researchers difficult when dealing with whole 
assemblages of fossil taxa. Care was taken to use the most 
recent revision of taxonomic groups, especially when those 
revisions explicitly incorporated Bighorn Basin fossils. The 
long history of detailed systematic studies of Bighorn Basin 
fossil mammals has created an important network of taxonomic 
information conducive to rapid identification and naming of 
individual specimens. Without this network, and the laborious 

research that went into developing it, a project like the one 
undertaken here would not have been possible. 

RESULTS 

Southeast Composite Section 

The southeast composite section is the longest and most 
thoroughly sampled composite section in the study area. It 
consists of seven local stratigraphic sections that were 
measured, described and lithostratigraphically correlated to one 
another in the field (Fig. 5). A total of 151 fossil localities 
(with 8,364 fossil elements) have been correlated to these 
sections, representing 106 different stratigraphic levels. This 
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composite section spans the middle Tiffanian (Ti-3) through 
the late Wasatchian (Wa-7), making it one of the longest 
continuous Paleogene sections in the western interior of North 
America. Despite significant intervals of no exposure, all but 
one biostratigraphic zone between Ti-3 and Wa-7 are 
represented by at least some fossil material. Figure 6 shows a 
range chart of the southeast composite section and Table 1 
provides the names for taxa numbered across the bottom of the 
figure. Constraints on the upper and lower bounds of different 
zones in this section are variable, with certain zonal bound- 
aries poorly constrained to lie within a 250-meter interval (e.g., 
Ti-4 - Ti-5) and other zonal boundaries well constrained to lie 
within a 10-meter interval (e.g., Wa-2 - Wa-3). 

Central Composite Section 

The central composite section consists of three local 
stratigraphic sections and is entirely of Wasatchian age (Fig. 
7). It preserves faunal zones Wa-1 through Wa-6, although no 
localities of Wa-5 are yet known. The lower part of the central 
composite section (Wa-1 through Wa-3) is well constrained 
biostratigraphically (i.e., many informative stratigraphic 
levels) whereas the upper part of the section (Wa-4 through 
Wa-6) is poorly resolved. A total of 61 localities has been 
correlated to this section (with 2,595 fossil elements), 
representing 38 stratigraphic levels. Arange chart showing the 
stratigraphic distribution of all taxa known from the central 
composite section is shown in Figure 8 (see also Table 1). 

Northwest Composite Section 

The northwest composite section consists of 4 local 
stratigraphic sections and preserves sediments of Wa-2 through 
Wa-6 age (Fig. 7). Localities are known from each zone, al- 
though the lower half of the northwest composite section 
(Wa-2 to Wa-4) is better sampled than the upper half (Wa-5 to 
Wa-6). A total of 46 localities (preserving 2,213 fossil 
elements) from 30 stratigraphic levels has been correlated to 
this section. A range chart for this composite section is shown 
in Figure 9 (see also Table 1). 

DISCUSSION 

Comparison Between Sections 

Boundaries between faunal zones represent the most 
practical fine-scale time lines available to correlate between 
sections. Lithologic correlation is very difficult over large 
distances in an asymmetric foreland basin like the Bighorn 
Basin, and magnetostratigraphic reversals during this part of 

FIGURE 6 - Stratigraphic ranges of mammalian species from 
the southeast composite section of the McCullough Peaks. 
Open symbols indicate uncertain identification. Zone bound- 
aries are interpolated between observed zone limits. 
Magnetostratigraphy is from Clyde et al. (1994, Clyde 1997). 
List of species and associated ID numbers are given in Table 1. 

Central Composite Section 

Northwest Composite Section 

FIGURE 7 - Generalized lithology of local stratigraphic sections 
measured in the McCullough Peaks central (above) and north- 
west (below) composite sections. Legend is the same as Fig- 
ure 5. Locations of sections are shown in Figure 2. 

the time scale are generally less frequently distributed than 
faunal zone boundaries (Clyde et al., 1994). Using 
biostratigraphic events as time lines assumes that rates of 
dispersal outpace rates of sediment accumulation for the 
relevant taxa over the distance being considered. This 
assumption should always be tested by independent means, but 
it is generally accepted on the scale of a single basin. 



Presently there are two well-documented lower Paleogene 
composite stratigraphic sections in the Bighorn Basin in 
addition to the ones discussed here. The first lies in the 
northernmost part of the Bighorn Basin and the adjacent Clarks 
Fork Basin (Gingerich, 1983, 1991, 2000, this volume). This 
2,240-meter section begins in the Puercan land-mammal age 
(Pu-1; atop a locally conformable Cretaceous-Tertiary 
boundary) and extends up into the middle Wasatchian 
land-mammal age (Wa-5). Fossil assemblages are known from 
all intervening land mammal zones except Pu-2, Pu-3, To-1, 
To-2, and To-3. The second well-documented composite 
section lies south of the Greybull River, in the central and 
southern parts of the Bighorn Basin (Bown et al., 1994). Here, 
much of the section lies far from the basin axis, resulting in a 
condensed section. Faunally, however, this section is extremely 
well-sampled and well-documented (Bown et al., 1994). 
Although Paleocene sediments are present in this region, few 
mammalian fossil localities have been found in them. The 
composite section in this region spans the earliest Wasatchian 
(Wa-0) through the late Wasatchian (Wa-7). 

Given the difficulty in making detailed lithostratigraphic 
correlations between distant sections in a highly asymmetric 
depositional settings like that of the Bighorn Basin, the zone 
boundaries represent a powerful tool for making intrabasinal 
stratigraphic comparisons. Figure 10 shows a fence diagram 
of the various composite sections from different parts of the 
Bighorn Basin. The most profound difference in zone 
thicknesses occurs between the southern Bighorn Basin 
section and those to the north. Interpolated zone thicknesses 
between the four northern Bighorn Basin sections are fairly 
consistent with one another, and are significantly greater than 
those in the southern Bighorn Basin. Stratigraphic levels of all 
zone boundaries are not available for the southern section 
because no review of perissodactyls has been published for this 
area. However, based on the boundaries that can be correlated, 
there is a clear thickening of zones to the north and west across 
the basin. The isopachous map of Bighorn Basin Tertiary 
deposits (Parker and Jones, 1986), shows this SE-NW 
thickening trend also, indicating a strong asymmetry in the 
depositional basin during this time. Gingerich (1 983) 
documented a strong asymmetry in the Clark's Fork Basin, and 
the results presented here extend those observations to the rest 
of the Bighorn Basin. 

Figure 11 shows graphic correlations between the 
McCullough Peaks southeast composite section and the other 
composite sections throughout the basin. All axes in these 
figures are shown to the same scale, so slopes greater than 1.0 
indicate higher sediment accumulation rates in the local 
section compared to the reference section, and slopes less than 
1.0 indicate lower sediment accumulation rates in the local 
section. Comparison between the Clarks Fork Basin section 
and the McCullough Peaks southeast composite section (MPSE) 
shows proportionally consistent zone thicknesses (i.e., little 
variation in slope). The slope here is also quite close to 1.0, 
suggesting very similar rates of sediment accumulation between 

these sections. The comparison between the southern Bighorn 
Basin section and the MPSE section shows proportionally 
consistent zone thicknesses, but quite different average 
sediment accumulation rates. In this comparison, the slope is 
well below 1.0, indicating lower average sediment 
accumulation rates in the southern basin compared to the MPSE 
section. This further illustrates the depositional asymmetry 
present in the Bighorn Basin, with thinning of basin fill from 
northwest to southeast. 

Comparing the McCullough Peaks central and northwest 
composite sections with the MPSE section, the central 
composite section seems to have the highest average sediment 
accumulation rates (Fig. 11). This would suggest that the ba- 
sin axis during lower to middle Wasatchian time was slightly 
east of its present far western position, although the degree of 
measurement error involved here makes such a conclusion 
somewhat tenuous. Gingerich (1983) suggested that the 
structural axis of the Clarks Fork Basin moved rapidly 
westward during the Tiffanian and Clarkforkian. It is not clear 
how coupled the Clarks Fork Basin and Bighorn Basin 
structural centers were during this period, and it is possible 
that the timing and rate of westward axial migration in the 
Bighorn Basin proper was significantly different from that in 
the Clarks Fork Basin. 

Detailed comparisons between the four northern Bighorn 
Basin sections show very consistent zone thicknesses during 
Tiffanian and Clarkforkian deposition, with slightly more 
variation in Wasatchian zone thicknesses (Fig. 10). Much of 
this variation can be attributed to interpolation error since, in 
many cases, zone boundaries are being interpolated over sub- 
stantial vertical thicknesses (especially in the McCullough Peaks 
sections). However, this up-section increase in zone thickness 
variability could also be the result of changes in 
depositional style occurring at this time. For example, the 
transition from Fort Union to Willwood deposition may 
represent a change in the balance between sediment accumula- 
tion and basin subsidence. During Fort Union deposition, 
basin subsidence outpaced sediment flux, creating poorly 
drained depositional environments, and organic-rich, reduced 
sediments. As rates of sedimentation surpassed rates of 
subsidence during Willwood time, the fluvial system began to 
aggrade, floodplains became better drained, and sediments 
became more oxidized. This new aggradational system would 
impose greater variability in the geometry and availability of 
local depositional centers (through stream avulsion) than was 
present in the previous subsidence-dominated regime. Such 
variability in depositional geometry would be apparent in 
variable faunal-zone thicknesses and would result in more 
local stratigraphic discontinuities. Although further work will 
be required to more fully-constrain zone thicknesses from 
different parts of the basin, these preliminary results suggest 
that the lithological transition at the Fort Union-Willwood 
boundary reflects an important change in depositional style that 
has important implications for stratigraphic geometry and 
temporal completeness. 



Geochronology 

2 3 2 - Biostratigraphy of the Central Composite Section, McCullough Peaks 

Clyde et a1 (1994; see also Clyde, 1997) developed a 
magnetostratigraphic record for the Wasatchian part of the 
McCullough Peaks southeast composite section and proposed 
a correlation of this record to the Geomagnetic Polarity Time 
Scale (GF'TS). More recently Wing et al. (2000) summarized 
existing geochronological constraints and developed two 
different age models for Bighorn Basin composite sections. Age 
model 1 from that study used the interpolated age estimates for 
paleomagnetic reversals from the most recent GF'TS (Cande 
and Kent, 1995) as well as a 54.96 Ma age for the carbon 
isotope excursion (see Wing et al., 2000 for discussion of their 
age calculation for the carbon isotope excursion). Age model 
2 used recalibrated age estimates for relevant paleomagnetic 

reversals (by replacing the original 55.0 Ma age for Chron 
C24r[0.66] in Cande and Kent [I9951 with an age of 52.8 for 
the base of Chron C24n. l n  from Wing et a1 [I99 11) and an age 
of 55.23 Ma for the carbon isotope excursion. Although there 
are stratigraphic uncertainties associated with each model, age 
model 2 has the advantage of being independent of the marine 
based GPTS timescale which is likely to be miscalibrated for 
this interval (Berggren and Aubry, 1998; Norris and Rohl, 1999; 
Wing et al. 2000). Using these age models in conjunction with 
the known levels of biostratigraphic zones from the McCullough 
Peaks southeast composite section and the Polecat Bench 
composite section (Gingerich, this volume), age estimates for 
faunal zone boundaries (Ti-2 through Wa-7) are possible (Tables 
2 and 3). These age estimates will represent important 
geochronological reference points as we expand our detailed 
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FIGURE 8 - Stratigraphic ranges of mammalian species from the central composite section of the McCullough Peaks. Open sym- 
bols indicate uncertain identification. Zone boundaries are interpolated between observed zone limits. List of species and associ- 
ated ID numbers are given in Table 1. 
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TABLE 1 -List of species and corresponding identification numbers for the range charts presented in Figures 6, 8, 9. MPSE: 
McCullough Peaks southeast composite section (Fig. 6), MPC: McCullough Peaks central composite section (Fig. 8), MPNW: 
McCullough Peaks northwest composite section (Fig. 9). 

Section 
MPSE MPC MPNW 

Section Taxon 
MPSE MPC MPNW 

Aaptoiyctes ivyi 
Absarokius sp. 
Absarokius metoecus 
Absarokius abbotti 
Absarokius noctivagus 
Acarictis? sp. 
Acritoparamys atwateri 
Acritoparamys atavus 
Alocodontulum atopum 
Anacodon ursidens 
Apatemys sp. 
Apatemys bellus? 
Apheliscus sp. 
Apheliscus chydaeus 
Apheliscus wapitiensis 
Apheliscus insidiosus 
Arctodontomys wilsoni 
Arfia zele 
ArJia shoshoniensis 
Arfia opisthotoma 
Arfia sp. 
Azygonyx n. sp. 
Bunophorus etsagicus 
Bunophorus large sp. 
Cantius ralstoni 
Cantius mckennai 
Cantius trigonodus 
Cantius abditus 
Cantius Jiwgivorus 
Cardiolophus radinskyi 
Cardiolophus semihians 
Carpolestes nigridens 
Chriacus gallinae 
Copecion brachypternus 
Copelemur feretutus 
Coiyphodon eocaenus 
Coiyphodon radians 
Coiyphodon sp. 
Coiyphodon lobatus 
Coiyphodon armatus 
Diacodexis metsiacus 
Diacodexis robustus 
Didelphodus absarokae 
Diajvnictis leptomylus 
DiaZyrnictis protenus 
DiaZymictis sp. 

Dipsalidictis transiens 
Dissacus longaevus 
Dissacus praenuntius 
Dissacus sp. 
Ectocion osbornianus 
Ectocion pawus 
Ectoganus sp. 
Ectoganus gliriformes 
Ectypodus tardus 
Esthonyx spatularius 
Esthonyx bisulcatus 
Esthonyx grangeri 
Galecyon? mordax 
Hapalodectes leptognathus 
Haplomylus speirianus 
Haplornylus scottianus 
Heptodon calciculus 
Homogalax protapirinus 
Hyopsodus loornisi 
Hyopsodus pauxillus 
Hyopsodus latidens 
Hyopsodus simplex 
Hyopsodus powellianus 
Hyopsodus miticulus 
Hyopsodus minor 
Hyopsodus lysitensis 
Hyopsodus sp. 
Hyracotherium sandrae 
Hyracotherium grangeri 
Hyracotherium aemulor 
Hyracotherium cristatum 
Hyracotherium pernix 
Hyracotherium sp. 
Ignacius graybullianus 
Labidolemur kayi 
Labidolemur sp. 
Lambdotherium popoagicum 
Labidolemur serus 
Leipsanolestes siegj?iedti 
Leptacodon? sp. 
Miacis exiguus 
Miacis deutschi 
Miacis sp. 
Miacis petilus 
Miacis winkleri 
Microparamys cheradius 



TABLE 1 (cont) - List of species and corresponding identification numbers for the range charts presented in Figures 6, 8,9. MPSE: 
McCullough Peaks southeast composite section (Fig. 6), MPC: McCullough Peaks central composite section (Fig. 8), MPNW: 
McCullough Peaks northwest composite section (Fig. 9). 

Tmon Section Tmon 
MPSE MPC MPNW 

Section 
MPSE MPC MFWW 

Microparamys hunterae 
Microparamys sp. 
Microsyops angustidens 
Microsyops cardiorestes 
Microsyops sp. 
Microsyops latidens 
Microsyops knightensis 
Neoliotomus ultimus 
Niptomomys doreenae 
Niptomomys sp. 
Niptomomys thelmae 
Oxyaena gulo 
Oxyaena intermedia 
Oxyaena forcipata 
Oxyaena sp. 
Pachyaena osszfiaga 
Pachyaena gracilis 
Pachyaena gigantea 
Pachyaena? sp. 
Palaeanodon sp. 
Palaeanodon nievelti 
Palaeanodon ignavus 
Palaeictops bicuspis 
Palaeonictis occidentalis 
Palaeoryctes sp. 
Palaeosinopa incerta 
Palaeosinopa lutreola 
Palaeosinopa sp. 
Palaeosinopa veterrima 
Paramys taurus 
Paramys copei 
Paramys pycnus 
Paramys large sp. 
Paramys sp. 
Paramys v. large sp. 
Paramys? v. large sp. 
Paramys delicatus? 
Parectypodus lunatus 
Parectypodus sp. 
Parec&podus simpsoni 
Peradectes chesteri 
Peratherium marsupium 
Phenacodaptes sp. 
Phenacodus grangeri 
Phenacodus sp. 
Phenacodus vortmani 

Phenacodus intermedius 
Phenacodus triIobatus 
Phenacolemur pagei 
Phenacolemur praecox 
Phenacolemur simonsi 
Phenacolemur sp. 
Phenacolemur citatus 
Plagiomene multicuspis 
Plesiadapis simonsi 
Plesiadapis gingerichi 
Plesiadapis dubius 
Probathyopsis harrisorum 
Probathyopsis praecursor 
Prodiacodon sp. 
Prodiacodon tauricinerei 
Prolimnocyon atavus 
Prolimnocyon sp. 
Prolimnocyon antiguus 
Protictis sp. 
Prototomus phobos 
Prototomus deimos 
Prototomus martis 
Prototomus robustus 
Prototomus secundarius 
Prototomus sp. 
Pseudotetonius ambiguus 
Pyrocyon? sp. 
Teilhardina americana 
Teilhardina tenuicula 
Teilhardina crassidens 
Teilhardina? sp. 
Tetonius matthewi 
Thryptacodon antiquus 
Enimomys graybullensis 
Tricentes sp. 
Tritemnodon strenuus 
Uintacyon rudis 
Vassacyon promicrodon 
Viverravus politus 
Viverravus acutus 
Viverravus bowni 
Viverravus rosei 
Vulpavus australis 
Vulpavus canavus 
Vulpavus sp. 
Vulpavus simplex 
FFj&estes apheles 



Species ID Number 

FIGURE 9 - Stratigraphic ranges of mammalian species from the northwest composite section of the McCullough Peaks. Open 
symbols indicate uncertain identification. Zone boundaries are interpolated between observed zone limits. List of species and 
associated ID numbers are given in Table 1. 

understanding of Paleogene mammalian faunas to other 
continents. 

SUMMARY 

A total of 255 fossil localities preserving approximately 
14,000 identifiable fossil mammal specimens from over 100 
different stratigraphic levels provides a biostratigraphic 
framework for the McCullough Peaks area. Middle Tiffanian 
(Zone Ti-3) through late Wasatchian (Zone Wa-7) assemblages 
are preserved in superpositional relationship, making the 
McCullough Peaks one of the longest continuous stratigraphic 
sections in the North American Paleogene terrestrial record. 
The three composite sections in the study area vary in their 
degree of biostratigraphic precision. Comparison of 

interpolated zone thicknesses show McCullough Peaks zones 
to be comparable in thickness to those in the Clarks Fork 
Basin, and significantly thicker than those in the southern 
Bighorn Basin. Zone thicknesses seem to be more variable 
during Willwood deposition, possibly due to geometric changes 
in accommodation space from the onset of the Willwood 
aggradational depositional regime. Magnetostratigraphic 
constraints on the biostratigraphic record from the McCullough 
Peaks and Polecat Bench provide absolute age estimates for 
Tiffanian (Paleocene) through Wasatchian (Eocene) faunal 
zones. This geochronological framework will be important for 
future intercontinental comparisons of the timing and 
magnitude of faunal turnover during this important period of 
earth history. 
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FIGURE 10 -Fence diagram showing thickness of biostrati- 
graphic zones from different composite sections in the Big- 
horn Basin. Dashed lines at zone boundaries indicate rela- 
tively poor biostratigraphic control. Clarks Fork Basin stratig- 
raphy is from Butler et al. (1981) and Gingerich (1991, this 
volume). Southern Bighorn Basin stratigraphy is from Bown 
and Rose (1987) and Bown et al. (1994). Notice the increase 
in zone thickness variability in the Wasatchian suggesting 
changes in depositional style during Willwood time compared 
to previous Fort Union time. 
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FIGURE 11 - Top: Graphic correlation comparing biostrati- 
graphic boundaries of the Clarks Fork Basin-Polecat Bench 
section and Southern Bighorn Basin to the McCullough Peaks 
southeast composite section. Notice a slope of - 1 for the Clarks 
Fork Basin-Polecat Bench section (similar accumulation rates 
to the McCullough Peaks) but a slope significantly lower than 
1 for the southern Bighorn Basin section (lower accumulation 
rates than McCullough Peaks). Bottom: Graphic correlation 
comparing McCullough Peaks central composite section and 
McCullough Peaks northwest composite section to the 
McCullough Peaks southeast composite section. Notice slopes 
close to 1 in each case indicating similar accumulation rates in 
all McCullough Peaks sections. 
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TABLE 2 -Calibration points for age models used here to estimate absolute ages of biostratigraphic zone boundaries. Age model 1 
uses magnetic polarity reversal ages from Cande and Kent (1997) and an estimated age for the carbon isotope excursion from 
Norris and Rohl(1999) and Wing et al. (2000). Age model 2 uses recalibrated ages from Wing et al. (2000). 

Calibration Point Section Level Age Model 1 Age Model 2 

Chron C24N. lrIC24N.2n 
Chron C24N.2dC24N.2r 
Chron C24N.2rJC24N.3n 
Chron C24N.3dC24R 
Carbon Isotope Excursion 
Chron C24WC25N 
Chron C25NJC25R 
Chron C25WC26N 
Chron C26NlC26R 

MPSE 
MPSE 
MPSE 
MPSE 

MPSE ICFB 
CFB 
CFB 
CFB 
CFB 

TABLE 3 - Estimated absolute ages for faunal zones Ti-2 to Wa-7. Age model 1 and 2 use different calibration points (see Table 2 
and Wing et al., 2000). Stratigraphic levels are from this paper and from Gingerich (2000; see also this volume) and are interpolated 
between sampling gaps. 

Faunal Zone Levels Section Age Model 1 Age Model 2 

Wa-7 
Wa-6 
Wa-5 
Wa-4 
Wa-3 
Wa-2 
Wa- 1 
Wa-0 
Cf-3 
Cf-2 
Cf- 1 
Ti-6 
Ti-5 
Ti-4 
Ti-3 
Ti-2 

MPSE 
MPSE 
MPSE 
MPSE 
MPSE 
MPSE 
MPSE 

MPSE ICFB 
CFB 
CFB 
CFB 
CFB 
CFB 
CFB 
CFB 
CFB 
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