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CRETACEOUS STRATIGRAPHY AND BIOSTRATIGRAPHY,
EAST-CENTRAL NEW MEXICO
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"New Mexico Museum of Natural History, 1801 Mountain Rd. NW, Albuquerque, NM 87104; *Department of Earth and Planetary Sciences,
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Abstract.—Cretaceous strata exposed in east-central New Mexico belong to the (in ascending order) Tucumcari, Mesa Rica, Pajarito, Romero-
ville, Graneros and Greenhorn formations. The Mesa Rica, Pajarito and Romeroville formations are the Dakota Group in this region. The
Tucumcari Formation is as much as 25 m thick and is mostly marine shale and minor bioturbated sandstone and limestone. The Mesa Rica
Sandstone is mostly cross bedded and ripple laminated quartzarenite as much as 43 m thick. The Pajarito Formation is as much as 30 m thick
and is mostly silty mudstone and bioturbated quartzarenite. The Romeroville Sandstone is <10 m of bioturbated and cross bedded quartzarenite.
The Graneros Shale is as much as 67 m of shale, and the Greenhorn Formation consists of the Lincoln (up to 34 m of shale and calcarenite),
Hartland (up to 11 m of shale and bentonite) and Bridge Creek (up to 9 m of limestone and shale) members. We document a specimen of the
late Albian ammonite Mortoniceras leonense from the lower Mesa Rica Sandstone. The Tucumcari, Mesa Rica and Pajarito formations are of
late Albian age, whereas the Romeroville, Graneros and (most of) the Greenhorn formations are of Cenomanian age. The youngest Cretaceous
strata preserved in east-central New Mexico are early Turonian beds of the upper part of the Bridge Creek Member of the Greenhorn Forma-

tion.

INTRODUCTION

Cretaceous strata exposed in east-central New Mexico (Fig.1)
are mostly rocks of Early Cretaceous (late Albian) age and a few
outliers of early Late Cretaceous age. First studied in 1853 by
Marcou, these strata have been more intensively studied since the
1970s. Here, we review their lithostratigraphy and biostratigraphy.

LITHOSTRATIGRAPHY

Cretaceous strata in east-central New Mexico belong to the fol-
lowing formations (in ascending order): Tucumcari, Mesa Rica,
Pajarito, Romeroville, Graneros and Greenhorn (Fig. 2). The
Mesa Rica, Pajarito and Romeroville formations are the Dakota
Group in east-central New Mexico. Here, we summarize the
lithostratigraphy of these units.

Tucumcari Formation

Marcou (1889) first used the term “Tucumcari Beds™ to refer
to the strata at Pyramid Mountain southwest of Tucumecari (sec.
19, TON, R29W) where he collected the type specimens of
“Gryphaea dilatata var. tucumcarii’ (= Texigryphaea pitcheri)
(Marcou, 1855, 1858). Lucas and Kisucky (1988) designated
this the type section of the Tucumcari Formation (Shale). At
the type section, the Tucumcari Formation is ~9 m thick and
is mostly olive-gray to yellowish-brown silty mudstone and
shale with minor beds of yellowish-brown and yellowish-orange,
muddy bioturbated sandstone (Lucas and Kisucky, 1988; Kues
and Lucas, 2001). Another minor lithotype of the Tucumcari For-
mation is dark yellowish-brown, fossiliferous limestone.

These lithotypes characterize the Tucumcari Formation
throughout its outcrop belt in east-central New Mexico. Maxi-
mum thickness is ~25 m, and the Tucumcari Formation every-
where rests disconformably on the Upper Jurassic Morrison For-
mation. Locally, a 1-2 m thick bed of sandstone at the base
of the Tucumcari Formation is the Campana Sandstone Bed of

Holbrook et al. (1987). The Mesa Rica Sandstone conformably
to disconformably overlies the Tucumcari Formation throughout
east-central New Mexico.

Outcrops of the Tucumcari Formation form a short, often
covered, slope beneath cliffs of the Mesa Rica Sandstone. The
Tucumcari Formation is present throughout much of Quay County
and extends into adjacent parts of Guadalupe County.

Mesa Rica Sandstone
The most conspicuous Cretaceous unit in east-central New

Mexico is the Mesa Rica Sandstone, which forms bold cliffs that
cap the edges of the Llano Estacado and its northerly erosional

east-
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FIGURE 1. Distribution of Cretaceous strata in New Mexico (after Dane
and Bachman, 1965) and location of east-central New Mexico.
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FIGURE 2. Generalized Cretaceous stratigraphic section in east-central
New Mexico, key biostratigraphic indicators and age assignments.

outliers in the Canadian River drainage, such as Mesa Redonda,
Tucumcari Mountain and Liberty Mesa in Quay County and Mesa
Rica in Quay and Guadalupe Counties. It also forms bold cliffs
along the edge of the Canadian escarpment from San Miguel to
Harding Counties..

Dobrovolny and Summerson (in Dobrovolny et al., 1946)
named the Mesa Rica Sandstone, and Lucas and Kisucky (1988)
designated and described a type section on the southwestern
face of Mesa Rica (sec. 5, T11N, R26E) in eastern Guadalupe
County. Several workers earlier referred to the Mesa Rica Sand-
stone informally as the lower sandstone member (unit) or lower
braided alluvial interval of the Dakota Group (Sandstone) (e.g.,
Bejnar and Lessard, 1976; Gilbert and Asquith, 1976; Stone,
1984).

At its type section, the Mesa Rica Sandstone is 24.5 m thick
and consists of two sandstone intervals separated by light-gray
and purple, variegated mudstone. The sandstones are yellowish-
brown and yellowish-orange, very fine- to fine-grained quartza-
renites that are trough cross bedded, ripple-laminated and lami-
nated with some minor bioturbation. Maximum thickness of the
Mesa Rica Sandstone is 43 m, and throughout east-central New
Mexico its lithotypes are similar to those of the type section.

The Mesa Rica Sandstone grades upward into the Pajarito For-
mation. However, the placement and nature of its basal contact
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has been the subject of some disagreement. Normally, the contact
between the Mesa Rica and underlying Tucumcari Formation is
readily placed at the sharp contact of the Mesa Rica basal sand-
stone bed on the uppermost shale bed of the Tucumcari Forma-
tion. However, at San Jon hill, south of San Jon in the roadcuts
of NM Highway 39 (sec. 19, T9N, R31E and vicinity), a 5.6-m
thick, massive-to-laminar sandstone full of shell debris is at the
contact of the Tucumcari and Mesa Rica formations. Largely
because the fossils from this sandstone are both abundant (nor-
mally, the Mesa Rica Sandstone is sparsely fossiliferous) and
mostly represent the same taxa present in underlying strata of the
Tucumcari Formation (see below), several workers have assigned
this sandstone to the Tucumcari Formation (Griggs and Read,
1959; Scott, 1970, 1974; Mateer, 1985, 1987). However, forma-
tions are cartographic units having contacts mapped at points of
significant lithologic contrast. Therefore, as advocated by Lucas
and Kisucky (1988), we include this fossiliferous sandstone at
San Jon Hill in the Mesa Rica Sandstone.

Pajarito Formation

Dobrovolny and Summerson (in Dobrovolny et al., 1946)
introduced the name Pajarito Shale. Lucas and Kiscuky (1988)
designated and described a type section just south of Mesa Rica
in the Pajarito Creek drainage of western Quay County (sec. 6,
TI11N, R29E) and also described a reference section that well
exposes the top of the Pajarito Formation along a tributary of
Burro Creek in Harding County (sec. 8, TI8N, R27E).

At the type section, the Pajarito is at least 29 m thick and con-
sists of interbedded yellowish-orange and brown, quartzose, gen-
erally bioturbated sandstone and light-gray silty mudstone. The
formation is as much as 30 m thick in east-central New Mexico
and forms a slope, or ribbed cliff, between the Mesa Rica Sand-
stone and the overlying Romeroville Sandstone. The Pajarito For-
mation is the middle shale member (unit) or meanderbelt inter-
val of the Dakota Sandstone (Group) of some previous workers
(Bejnar and Lessard, 1976; Gilbert and Asquith, 1976; Stone,
1984). The contact of the Romeroville Sandstone above the Paja-
rito Formation is a disconformity.

Romeroville Sandstone

Kues and Lucas (1987) and Lucas and Kisucky (1988) used
the term Romeroville Sandstone to refer to the upper unit of the
Dakota Group in northeastern New Mexico, and Lucas (1990)
formally defined the unit. Dobrovolny et al. (1946) referred to
this unit as the Dakota Sandstone, and it was the upper sandstone
member (unit) or marine sand interval of the Dakota Sandstone
(Group) of some earlier workers (Bejnar and Lessard, 1976; Gil-
bert and Asquith, 1976; Stone, 1984).

At its type section at Romeroville Gap near Las Vegas, San
Miguel County, the Romeroville Sandstone is 3.5 m thick and
consists of pale orange and dark yellowish-orange, trough cross
bedded and bioturbated (esp. Ophiomorpha), quartzarenite sand-
stone. A thickness of <10 m is characteristic of the Romeroville
Sandstone throughout east-central New Mexico. The Romero-
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ville Sandstone has a sharp, scoured base, so it overlies the Paja-
rito Formation with evident disconformity. Indeed, locally, the
Romeroville Sandstone is absent, and the Graneros Shale rests
directly on the Pajarito Formation (Lucas et al., 2000).

Graneros Shale

Outside of the Raton basin, outcrops of post-Romeroville
Upper Cretaceous strata are rare in east-central New Mexico.
This is because Neogene erosion associated with deposition of
the Ogallala Group has removed most of the post-Romeroville
Cretaceous section. The exceptions to this are Upper Cretaceous
outliers near Roy in Harding County (T20N, R25-26E) and in the
Bonita fault zone southeast of Tucumcari in Quay County (T8N,
R32E, and T9N, R33E) (Dobrovolny et al., 1946; Wanek, 1962;
Lucas et al., 2000; Lucas and Heckert, 2001).

At the sections near Roy, the Graneros Shale is poorly exposed,
and has an estimated thickness of 20 m. The Graneros Shale is
much better exposed in Quay County, where it is ~67 m thick
and consists mostly of dark gray, light brownish-gray and gray-
ish-orange shale. Subordinate rock types are a few thin (<0.3 m
thick) beds of calcarenite, siltstone and air fall bentonitic ash. The
Graneros Shale forms slopes and low, rolling hills in east-central
New Mexico. It conformably overlies the Romeroville Sand-
stone or disconformably overlies the Pajarito Formation where
the Romeroville is absent. The Greenhorn Formation conform-
ably overlies the Graneros Shale.

Greenhorn Formation

The youngest Cretaceous strata preserved in east-central New
Mexico are assigned to the Upper Cretaceous Greenhorn Forma-
tion. Greenhorn strata overlie the Graneros outcrops near Roy in
Harding County and in the Bonita fault zone of Quay County
(Dobrovolny et al., 1946; Wanek, 1962; Lucas et al., 2000; Lucas
and Heckert, 2001).

Three Greenhorn members are present in east-central New
Mexico: (1) the basal, Lincoln Member is a few persistent ledges of
calcarenite and slopes of calcareous shale, 34 m thick in the Bonita
fault zone, but only 8.3 m thick near Roy; (2) the medial Hartland
Member is bentonitic shale with three distinctive bentonite beds,
9 m thick in the Bonita fault zone and 11 m thick near Roy; and
(3) the upper, Bridge Creek Member is interbeds of ledge-forming
limestone and medium-gray calcareous shale, at least 4.1 m thick
near Roy and at least 9 m thick in the Bonita fault zone. The Ogal-
lala Group rests directly on the Bridge Creek Member at both loca-
tions and the uppermost beds of the Bridge Creek Member have
been eroded away, so its thickness is a minimum.

BIOSTRATIGRAPHY
Tucumeari Formation
The Tucumcari Formation, in its main outcrop belt in Quay

and eastern Guadalupe Counties, contains two, biostratigraphically
distinct marine assemblages (Kues, 1997; Kues and Lucas, 2001).

The basal assemblage from San Jon hill includes a late occurrence
of the oyster Ceratostreon texanum (Roemer), and is succeeded
slightly higher by the lowest occurrence of Peilinia levicostata
Kues, an interval equivalent to the upper Albian Craginites serra-
tescens zone of Young (1967). Brand and Mattox (1972) reported a
fragmentary specimen of C. cf. C. serratescens (Cragin) from the
basal Tucumcari at San Jon Hill, but we have not collected speci-
mens of this ammonite. Older Albian strata, some containing 7exi-
gryphaea navia (Hall) and ammonites of the Adkinsites bravoen-
sis zone, are present in Lower Cretaceous outliers in Roosevelt
County, New Mexico (Kues, 1986), and in some of the playa lake
exposures of west-central Texas discussed by Brand (1953).

The stratigraphically higher assemblage that occurs in the
Tucumcari Formation, and above the basal assemblage at San
Jon hill, is probably entirely within the Mortoniceras equidis-
tans zone. Young (1967) and Cobban (1985) noted that in many
areas of Texas, M. equidistans (Cragin) occurs with Eopachy-
discus marcianus (Shumard), but extends higher in the section
than that species. However, Young (1967, table 4) identified only
the M. equidistans zone above the C. serratescens zone within
the Tucumcari Formation, and this appears to us to be correct.
Although E. marcianus (and its synonym E. laevicaniculatum
[Roemer in Lasswitz]) have been reported from the Tucumcari
Formation (Kues et al., 1985), separate zones for E. marcianus
and M. equidistans cannot be distinguished. M. equidistans is
present near the base of the Tucumcari Formation at Pyramid
Mountain (Kues and Lucas, 2001), and co-occurs with E. mar-
cianus as high as the basal unit of the overlying Mesa Rica Sand-
stone (Cobban, 1985, pl. 1). The Tucumcari Formation therefore
is of early late to middle late Albian age (Fig. 2).

Mesa Rica Sandstone

Most of the Mesa Rica Sandstone represents a south-southeast-
erly prograding fluvio-deltaic complex (Holbrook and Dunbar,
1992). Only the lower part of the Mesa Rica Sandstone yields
marine fossils that are of biostratigraphic significance, and these
are indicative of the upper Albian Mortoniceros equidistans zone.
Mortoniceras equidistans is found in the basal Mesa Rica Sand-
stone at several localities (Kues et al., 1985; Cobban, 1985; Lucas
and Hunt, 2000), and a bivalve-dominated assemblage that shares
most taxa with the underlying Tucumcari Formation is present in
the lowermost sandstone bed of the Mesa Rica Sandstone at San
Jon hill (Kues, 2001).

Here, we document a specimen of Mortoniceras leonense,
MDM 212, from the basal Mesa Rica Sandstone just south of
Tucumcari in T10N, R29E (Fig. 3). This specimen is moderately
evolute, has a squarish whorl section and sparse ribs and a diam-
eter of 250 mm. The 17 widely spaced ribs are rectiradiate and
have strong nodate ventrolateral tubercles and somewhat weaker
umbilical tubercles. The ventral keel becomes weak on the outer
whorl. The specimen well matches but is much larger than speci-
mens Cobban (1987) referred to M. aff. M. leonense from the
Mojado Formation in southwestern New Mexico.

This fossil is an important addition to knowledge of the mor-
phology of M. leonense. Conrad (1857, p. 160, pl. 16, figs. 2a-b)
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introduced the taxon as Ammonites leonense, from Leon Springs,
just west of the present town of Fort Stockton, Pecos County,
Texas. Adkins (1927, p. 43, pl. 5, fig. 4) provided the only pub-
lished photograph of the holotype and established its stratigraphic
provenance as upper Albian, Duck Creek-equivalent beds. Early
authors assigned the species to Pervinguieria (a junior synonym
of Mortoniceras: Wright et al., 1996) or to Schloenbachia (valid
species of which are not known from North America: Wright et
al., 1996) and reported it from the Duck Creek and overlying Fort
Worth formations of Texas and Oklahoma. Adkins (1928, p. 231)
pointed out that many of the Fort Worth records (e.g., Adkins
and Winton, 1919; Bullard, 1925, 1926; Winton, 1925) actually
are of Pervinguieria maxima Lasswitz (now Mortoniceras (Ango-
laites) maximus: Kennedy et al., 1998, p. 29). Slocki (1967, p.
195) and McGill (1967, p. 228) reported Mortoniceras leonense
as a common species in the Fort Worth Formation in northeast-
ern Texas, but it is not certain if their specimens are true M.
leonense or M. (A.) maximus. Cobban (1987) referred Ammo-
nites leonense to Mortoniceras (it belongs in the subgenus Mor-
toniceras: Cobban, 1987; Wright et al., 1996).

The holotype of M. leonense illustrated by Conrad (1857) and
redescribed by Cobban (1987, p. 8) was said by Adkins (1928,
p. 230) to be a weathered “cast” (steinkern) of a relatively small
specimen, probably a juvenile. The umbilical area is covered by
matrix, and no sutures are preserved. The specimen has a diam-
eter of ~ 83 mm, an umbilical ratio of 0.43, sparse, rectiradiate
ribs, prominent ventrolateral and umbilical tubercles and a squar-
ish cross section. The inner whorl of MDM 212 is very similar to
the holotype, with a diameter of 92 mm, and an umbilical ratio of
0.44. The suture line of the Mesa Rica M. leonense is character-
istic of Mortoniceras (e.g., Young, 1957; Cobban, 1987; Wright
et al., 1996; Kennedy et al., 1998) in having deeply incised lobes

A

FIGURE 3. Mortoniceras leonense (Conrad) from the lower part of the Mesa Rica Sandstone south of Tucumcari, Quay County, MDM 212, lateral
(A) and venter (B) views and suture line.

LUCAS, KUES anp HUNT

and saddles with a broad E/L saddle, a narrow and deep L and a
massive U2 (Fig. 3). However, the saddles are not bifid as in most
other Mortoniceras, though L is irregularly trifid.

Mortoniceras leonense has been reported in faunal lists of the
Tucumcari Formation by several authors (see Kues et al., 1985),
but it has not been adequately documented by descriptions or
illustrations. Its co-occurrence with M. equidistans in the basal
Mesa Rica Sandstone is not surprising in view of the fact that
Adkins (1927, p. 44) reported that it occurs with M. equidistans
and two other Mortoniceras species (M. whitei, M. kiliani) now
considered synonyms of M. equidistans (Cobban, 1985) at its
type locality in West Texas. Although the basal Mesa Rica Sand-
stone is clearly in the M. equidistans range zone, its upper part
lacks marine fossils, so its precise age relative to late Albian
ammonite zones cannot be determined. However, it is likely that
the entire Mesa Rica Sandstone encompasses no more that the
upper part of the M. equidistans zone and succeeding M. (4ngo-
laites) lasswitzi zone, given the apparent latest Albian age of the
overlying Pajarito Formation (Fig. 2).

Pajarito Formation

The most common fossils in the Pajarito Formation are orni-
thopod dinosaur tracks (see Hunt and Lucas, 1998, for a review),
but they do not provide a basis for a precise age assignment. Baltz
(1990) reported Albian palynomorphs from the Pajarito Forma-
tion, and the presence of the marine bivalve Peilinia levicostata
(reported as Lopha quadriplicata by Dobrovolny et al., 1946) in
the Pajarito is also consistent with a late Albian age (Kues, 1997).
Therefore, we assign the entire Pajarito Formation a late Albian

age (Fig. 2).
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Romeroville Sandstone

No fossils of biostratigraphic significance are known from
the Romeroville Sandstone. It disconformably overlies the upper
Albian Pajarito Formation and is conformably overlain by the
early Cenomanian Graneros Shale. Furthermore, the Romero-
ville Sandstone is the basal transgressive unit of the Greenhorn
cyclothem of marine flooding of the Western Interior basin
(Lucas, 1990; Lucas et al., 1998). Thus, it is most likely that the
Romeroville Sandstone is of earliest Cenomanian age (Fig. 2).

Graneros Shale

No fossils of biostratigraphic value have been collected from
the Graneros Shale in east-central New Mexico. Therefore, its
age must be based on data from nearby Graneros sections in the
Raton basin of northeastern New Mexico (Kauffman et al., 1969).
These data indicate the Graneros Shale encompasses much of the
lower Cenomanian-to lower middle Cenomanian interval of the
“Inoceramus” bellvuensis through Acanthoceras bellense zones
(also see Kauffman et al., 1993). Therefore, we assign an early
to early middle Cenomanian age to the Graneros Shale in east-
central New Mexico (Fig. 2).

Greenhorn Formation

Fossils from the Lincoln Member of the Greenhorn Formation
in east-central New Mexico are shark’s teeth and the characteristic
small oyster Ostrea beloiti Logan (Lucas et al., 2000; Lucas and
Heckert, 2001). No fossils are known from the Hartland Member,
and ammonites and inoceramids are documented from the Bridge
Creek Member (Lucas et al., 2000; Lucas and Heckert, 2001).
These fossils are consistent with regional data that indicate the
Lincoln, Hartland and lower Bridge Creek members are late Ceno-
manian in age, whereas the upper Bridge Creek member is early
Turonian (e.g., Kennedy et al., 2000). At Roy, the youngest Bridge
Creek bed is in the early Turonian zone of Vascoceras birchbyi,
and in the Bonita fault zone, it is apparently the same age.
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