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Pierre Shale in the eastern Raton Basin,
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The Pierre Shale was deposited within the Western Interior
Seaway during an early phase of Laramide tectonism,
which resulted in areas of regional subsidence and uplift
associated with subduction of the Farallon tectonic plate
beneath western North America (Baltz, 1965; Cather,
2004; Slattery et al., 2015; Heller and Liu, 2016). In the
Raton Basin of northeastern New Mexico and south-central Colorado (Fig.1), the Pierre Shale is underlain by
the Niobrara Formation and overlain by the Trinidad
Sandstone (Lee, 1917). The age of the base of the Pierre
Shale is constrained by ammonite biostratigraphy of the
uppermost part of the Niobrara Formation in the Raton
Basin and surrounding regions (Scott et al., 1986; Molenaar
et al., 2002; Merewether et al., 2011). The age of the top
of the Pierre Shale is similarly constrained by ammonite
biostratigraphy of the upper part of the formation.
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Abstract
The Pierre Shale is a marine deposit that accumulated
in the Cretaceous Western Interior Seaway during the
onset of Laramide tectonism in the southern Rocky
Mountains region. In the eastern part of the Raton Basin
near Trinidad, Colorado, ammonite biostratigraphy
suggests that the base of the Pierre Shale lies within or
slightly above the Lower Campanian Scaphites hippocrepis III ammonite range zone (81.8–80.5 Ma), and
the top of the Pierre Shale corresponds with the Lower
Maastrichtian Baculites clinolobatus Zone (69.59 + 0.36
Ma). These data are consistent with previous estimates
for the age of the base of the Pierre Shale in the Raton
Basin, and indicate that the top of the Pierre Shale (base
of the overlying Trinidad Sandstone) in the eastern part
of the basin lies near the Lower-Upper Maastrichtian
substage boundary. A Late Maastrichtian age for the
Trinidad Sandstone near Trinidad has a bearing on the
timing of geological events associated with the eastward
retreat of the Western Interior Seaway from the region
during the Late Cretaceous.
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Figure 1. Index map of Raton Basin (left and bottom) showing localities discussed in the text. Approximate outline of
the basin is indicated by the Trinidad Sandstone outcrop belt in Colorado and New Mexico. The western shoreline of the
Western Interior Seaway (WIS) retreated north and east during Late Campanian-Early Maastrichtian time, as suggested
by the arrow on the regional map. Panel A is a sketch depicting the time-transgressive nature of the contact between the
Pierre Shale and overlying Trinidad Sandstone, based on biochronologic constraints from the Vermejo Formation near
Vermejo Park and from the upper part of the Pierre Shale near Trinidad; the horizontal line represents the CampanianMaastrichtian stage boundary (ca. 70 Ma). Panel B shows schematically the lithostratigraphic positions of selected species
of Baculites from the Trinidad area discussed in this paper and in Berry (2016).
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Baculites is a genus of straight-shelled ammonites
that have been used extensively for biostratigraphic correlation of Upper Cretaceous marine strata (e.g., Klinger
and Kennedy, 2001). In previous studies by the author,
a sequence of middle Upper Campanian (73.5 Ma)
through upper Lower Maastrichtian (69.5 Ma) Baculites
was reported from the upper part of the Pierre Shale
near Ludlow, Colorado (Berry, 2010, 2016; see Fig. 1 for
localities mentioned in text). Two species of Baculites
that provide additional information regarding the age of
the Pierre Shale in the vicinity of Trinidad, Colorado are
highlighted herein: 1) B. aquilaensis from the top of the
underlying Niobrara Formation near Hoehne, Colorado;
and 2) B. clinolobatus from the top of the Pierre Shale
at Berwind Canyon near Ludlow, Colorado. The significance of these fossils in the context of the early Laramide
history of the region is discussed briefly.

The age of the base of the Pierre Shale
The age of the top of the Niobrara Formation (base
of the Pierre Shale) is reasonably well constrained in
the southern part of the Raton Basin in northeastern
New Mexico, and to the north of the basin near
Pueblo, Colorado. Accordingly, the top of the Niobrara
Formation in these areas has been placed at or slightly
above the top of the Lower Campanian Scaphites
hippocrepis II Range Zone (Cobban, 1976; Scott, et al.,
1986; Merewether et al., 2011), which has an absolute
age of about 81.71 ±0.34 Ma (Sageman et al., 2014).
However, the age of the contact between the Niobrara
Formation and the Pierre Shale is not well constrained
in the eastern Raton Basin of south-central Colorado.
The contact between the Pierre Shale and Niobrara
Formation is exposed in the vicinity of Hoehne, Colorado
(Johnson, 1969). In this general area, the upper beds
of the Niobrara Formation (the uppermost, calcareous
to sandy shale of the Smoky Hill Member) have been
thought to lie within the Scaphites hippocrepis faunal
zone (Molenaar et al., 2002; Merewether et al., 2011),
the base of which is estimated to lie 30 to 35 m below the

top of the Niobrara Formation. However, as alluded to
above, Scaphites hippocrepis may be divided into three
morphotypes or subspecies, each representing successive
biochrons (from oldest to youngest S. hippocrepis I, II,
and III; Cobban, 1969); this level of faunal zonation has
not been established for the upper part of the Niobrara
Formation in the eastern Raton Basin.
Approximately 5 km northeast of Hoehne (sec.
34, T31S, R62W) at New Mexico Museum of Natural
History locality 10787 (NMMNH L-10787), the upper
25 to 30 m of the Niobrara Formation (highest, calcareous
to sandy shale beds of the Smoky Hill Member) are
exposed. Comparison with the Merewether et al. (2011)
composite section for the area between Trinidad and
Aguilar suggests that these strata probably lie within the
Lower Campanian Scaphites hippocrepis Zone.
The lowest beds examined at NMMNH L-10787,
calcareous shale about 25 m below the top of the
Niobrara Formation, contain poorly preserved
ammonites of the genus Haresiceras. The presence of
Haresiceras in these beds confirms that these strata lie
within the Lower Campanian Scaphites hippocrepis
Zone (see Cobban, 1964, 1969). Due to their poor
state of preservation and fragility, no specimens were
collected. Among the poorly preserved Haresiceras
observed in these beds were fragments that appear to
closely resemble H. placentiforme Reeside, which has the
following diagnostic characteristics (Cobban, 1964): 1)
fine, clavate nodes that form a keel; 2) flank ribs that are
strongest on the ventrolateral shoulder and that weaken
toward the umbilicus; 3) a tightly coiled body chamber
with a distinctive, sinuous aperture that takes the shape
of the flank ribs; 4) a flattened venter; and (5) subparallel
flanks because the phragmocone is narrower than the
body chamber. However, some of these characteristics
are shared with other species of Haresiceras (Cobban,
1964). H. placentiforme is characteristic of the S.
hippocrepis II ammonite biozone (Cobban, 1969; Scott
et al., 1986; Sageman et al., 2014), although it does range
into the slightly lower S. hippocrepis I ammonite biozone
(Cobban, 1969). Based on the presence of H. cf. H.

Figure 2. Baculites aquilaensis Reeside (NMMNH P-78629) in calcareous, yellow-weathering
shale near the top of the Niobrara Formation (NMMNH L-10787). Note the distinctive,
arcuate flank ribs on the specimen at the right and the presence of slight ribbing on the venter.
Photograph by P. Sealey.
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placentiforme at NMMNH L-10787, the S. hippocrepis
II Zone is tentatively thought to lie about 25 m below the
top of the Niobrara Formation in this area.
Baculites are locally abundant in strata above
the Haresiceras beds at NMMNH L-10787, and two
specimens were collected from these strata: 1) NMMNH
P-78629, which was collected from calcareous shale
approximately 15 m below the top of the Niobrara
Formation; and 2) NMMNH P-78630, which was
collected from sandy shale near the top of the Niobrara
Formation. The Baculites at NMMNH L-10787 display
the following characteristics (Figs. 2, 3): 1) arcuate ribs
that take up about half of the flank; 2) an average of
about 2.5 to 3 flank ribs per flank diameter; and 3) a
slightly ribbed venter. These features are all characteristic
of B. aquilaensis Reeside (Reeside, 1927; Kennedy, 1993;
Klinger and Kennedy, 2001), and the specimens are
assigned to that species.
Although Baculites aquilaensis is known to range
downward into the lowest part of the Scaphites
hippocrepis Zone (Cobban, 1964), it is more typical
of the upper part of the zone (Klinger and Kennedy,
2001). Thus, Kennedy (1993) and Klinger and Kennedy
(2001) indicate that B. aquilaensis is characteristic of the
Lower Campanian S. hippocrepis III ammonite biozone,
which, according to Harries (2008), ranges from about
81.8–80.5 Ma.
The relative stratigraphic position of the Haresiceras
beds (about 25 m below the top of the Niobrara Formation)
and of the overlying B. aquilaensis-bearing beds (about
15–5 m below the top of the Niobrara Formation), suggests
that the top of the Niobrara Formation near Hoehne lies
slightly above the contact between the S. hippocrepis II
and S. hippocrepis III ammonite range zones.

The age of the top of the Pierre Shale
Previous studies have shown that the top of the Pierre
Shale is progressively younger from west to east across
the Raton Basin, reflecting the retreat of the Western
Interior Seaway from the region during the Late
Cretaceous (e.g., Fassett, 1976; Cather, 2004) (Fig. 1).
Nearshore-marine deposits of the Trinidad Sandstone
were deposited on top of the Pierre Shale in the Raton
Basin during the overall regression, followed by terrestrial deposits of the Vermejo and succeeding Raton formations. Palynostratigraphy northwest of Vermejo Park,
New Mexico suggests that the Campanian-Maastrichtian
stage boundary (70.6 ±0.6 Ma) lies within the Vermejo
Formation in that area (Tschudy, 1973), and to the east,
near Trinidad, Colorado, the stage boundary lies within
the upper part of the Pierre Shale (Merewether et al.,
2011; Berry, 2010, 2016) (Fig. 1). Thus, the Raton Basin
at approximately 70 Ma was transected by the western
shoreline of the Western Interior Seaway (represented
by the Trinidad Sandstone), separating it into western
terrestrial (Vermejo Formation) and eastern prodeltaic
marine (Pierre Shale) depositional environments.
Ammonite biostratigraphy in the vicinity of Trinidad
(Merewether et al., 2011; Berry, 2016) indicates that the
top of the Pierre Shale in the eastern Raton Basin lies
near the Lower-Upper Maastrichtian substage boundary. Baculites clinolobatus Elias was reported near the
top of the Pierre Shale at Berwind Canyon near Ludlow
(Berry, 2016). Prior to that report, the youngest index
Spring 2018, Volume 40, Number 1

Figure 3. Molds of Baculites aquilaensis Reeside (NMMNH P-78630) in
sandy shale near the top of the Niobrara Formation (NMMNH L-10787).
Note the distinctive, arcuate flank ribs. Photograph by P. Sealey.

ammonite reported from the Pierre Shale near Trinidad
was Baculites grandis Hall and Meek (Merewether et
al., 2011). Since the initial report of B. clinolobatus from
Berwind Canyon (Berry, 2016), an additional collection
has been made from the uppermost transitional beds of
the Pierre Shale in the same area.
Specimens of Baculites clinolobatus (NMMNH
P-78603 and P-78625) were collected in Berwind Canyon
(NMMNH L-10783; sec. 29, T31S, R64W) from the
uppermost transitional unit of the Pierre Shale, which
grades into the overlying Trinidad Sandstone. These
specimens appear to represent the youngest species of
ammonite reported from the Raton Basin thus far, and
show that the B. clinolobatus zone extends locally into
the uppermost, transitional unit of the Pierre Shale.
Consequently, the Trinidad Sandstone near its type
area in south-central Colorado closely approximates the
boundary between the Lower and Upper Maastrichtian,
as defined by ammonite zones (Cobban et al., 2006).
Baculites clinolobatus displays several diagnostic
features, which are visible on NMMNH P-78603 and
P-78625 (Fig. 4): 1) symmetrically bifid lateral lobes
(Elias, 1933); 2) an inclined second lateral lobe relative to the long axis of the shell (Elias, 1933; Klinger
and Kennedy, 2001); 3) a compressed oval or trigonal
cross-section (Elias, 1933); and 4) weak, widely spaced,
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Figure 4. Cross sections and sutures of Baculites clinolobatus (NMMNH P-78603, P-78625) collected
from the top of the Pierre Shale near Ludlow, Colorado, compared with cotype specimens of B. clinolobatus illustrated by Elias (1933, Plate 34, Figs. 1, 2b). Note the diagnostic suture pattern (inclined second
lobe is circled) and compressed trigonal cross-section.

low, and broad flank undulations (Gill and Cobban,
1973; not illustrated in Fig. 4). It is distinguished from
the closely related forms B. grandis Hall and Meek and
B. baculus Meek and Hayden, which were collected
from a stratigraphically lower position in the same area
(Berry, 2010, 2016), by its differing cross section, size,
and suture pattern (Klinger and Kennedy, 2001).

Discussion and conclusions
The age of the Pierre Shale in the eastern Raton Basin
is constrained by the presence of Baculites aquilaensis
at the top of the Niobrara Formation near Hoehne,
Colorado, and by the presence of B. clinolobatus at the
top of the Pierre Shale near Ludlow. These data indicate
that the Pierre Shale ranges from about 80.5–69.5 Ma
in the general vicinity of Trinidad, Colorado.
Paleogeographic reconstructions for the Western
Interior Basin (e.g., Roberts and Kirschbaum, 1995)
show that the western shoreline of the seaway was
located south and west of the Raton Basin during Late
Santonian to Early Campanian time (Fig. 1). By the mid
Late Campanian, the western shoreline had prograded
northeastward to the southwestern part of the Raton
Basin. The seaway continued its retreat reaching the
vicinity of Raton, New Mexico near the end of the
Campanian, when it separated the Raton Basin into
terrestrial (to the west) and marine (to the east) depositional settings (Fig. 1). By the end of the Maastrichtian,
the Western Interior Seaway had completely retreated
from the Raton Basin, as recorded by terrestrial deposits of the Vermejo and Raton formations that overlie
the Trinidad Sandstone. U-Pb chronology of detrital
zircon grains from the Trinidad Sandstone suggests
that marine deposition may have extended into the
early Paleocene (Bush et al., 2016); however, these
data are inconsistent with age constraints derived from
4

index mollusks collected from the Trinidad Sandstone
(Berry, 2017) and from the upper part of the underlying
Pierre Shale in the eastern part of the Raton Basin (this
paper). Although nearby sea-level changes in the Early
Paleocene may have influenced the formation of coal in
the lower part of the Raton Formation in the eastern
Raton Basin (Flores, 1987), no marine fossils of latest
Maastrichtian or Paleocene age have been documented
from the basin.
The transition from deposition of the Niobrara
Formation to deposition of the Pierre Shale probably
signaled the beginning of tectonically driven subsidence in the region. If so, apparent similarity in the age
of the base of the Pierre Shale north to south across
the basin suggests that the onset of subsidence was
essentially coincident across this region. Subsequent
southwest-to-northeast retreat of the Western Interior
Seaway during Late Campanian-Early Maastrichtian
time may reflect, at least in part, uplift of the San Luis
Highlands just to the west of the Raton Basin (Heller
and Liu, 2016). The Trinidad Sandstone and overlying
deposits demarcate the transition from a predominantly
marine to a predominantly non-marine depositional
setting (Flores, 1987; Flores and Pillmore, 1987). The
results of the present study indicate that this transition
occurred in the eastern Raton Basin near Trinidad
during the B. clinolobatus biochron at the end of the
Early Maastrichtian.
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