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The sub-CreTaCeous unConformiTy in new mexiCo

steVen m. cather
new mexico bureau of Geology and mineral resources, new mexico institute of mining and technology, socorro nm 87801, steve@gis.nmt.edu

AbstrAct—except locally in the bisbee basin of southwestern new mexico, the base of the cretaceous system in new 
mexico is an unconformity. within the bisbee basin, the base of the cretaceous overlies Jurassic, Paleozoic, and Proterozoic 
rocks in the complex floor of the basin and along its margins. The broad (~500 km wide) region north of the backarc Bisbee 
basin and related chihuahua trough was uplifted, tilted slightly north, and erosionally beveled as the basin developed during 
the Late Jurassic–early cretaceous. in eastern new mexico, this beveled region was subsequently onlapped and buried by 
upper Albian marine, deltaic and fluvial deposits related to the late Early Cretaceous Kiowa–Skull Creek transgression of the 
Western Interior Seaway. There, upper Albian beds overstep progressively older rocks to the south (ranging from Upper Juras-
sic in northeastern New Mexico to Permian in south-central New Mexico), resulting in a southward-increasing, pre-Cretaceous 
lacuna. The subsequent, more extensive Greenhorn transgression (Cenomanian, early Late Cretaceous) produced an analogous 
southward-increasing lacuna on what is now the southern colorado Plateau, where the Dakota sandstone oversteps rocks rang-
ing from the Lower cretaceous burro canyon formation in northwestern new mexico to Permian and possibly Proterozoic 
rocks near silver city.

INTRODUCTION

the stratigraphic record in new mexico is riddled with uncon-
formities. in fact, the majority of geologic time there is repre-
sented by lacunae associated with these unconformities (e.g., 
Kottlowski et al., 1956). In some cases, unconformities truncate 
progressively older or younger beds across a broad region, pro-
ducing a lacuna of regionally variable duration. such unconfor-
mities provide evidence of tectonism (tilting) and erosion prior to 
renewed deposition. the base of the cretaceous system through-
out much of new mexico is an example of such an unconformity. 

the nature of the sub-cretaceous unconformity varies in new 
mexico, and can be subdivided into three somewhat overlapping 
regions. These regions include: (1) northwestern New Mexico 
and eastern arizona, where the base of the cretaceous system is 
the Upper Cretaceous (Cenomanian) Dakota Sandstone, except 
where the Lower cretaceous burro canyon formation is present 
in the north (Saucier, 1974). South of the eroded edge of the Burro 
canyon formation, the Dakota sandstone overlies rocks ranging 
from Late Jurassic to Permian and possibly Proterozoic in age; (2) 
southwestern new mexico and adjacent regions of mexico and 
arizona where great thicknesses of Lower cretaceous deposits 
accumulated in the bisbee basin–chihuahua trough and overlie 
Proterozoic, Paleozoic, and Jurassic rocks; and (3) eastern New 
mexico where a thin, upper albian succession unconformably 
overlies Jurassic, triassic, and Permian strata.     

NORTHWESTERN NEW MEXICO

throughout most of the southern colorado Plateau, the base 
of the cretaceous section is represented by the Dakota sandstone 
(because of regionally inconsistent nomenclature, I use the term 
Dakota Sandstone for the basal strata associated with the ceno-
manian Greenhorn transgression [e.g., Molenaar, 1983], and 
Dakota Group for upper albian–cenomanian, mostly arenaceous 
strata in northeastern New Mexico [e.g., Lucas and Estep, 2000]). 

In most places the base of the Dakota Sandstone (the Oak Canyon 
Member) consists of paralic strata of Late Cretaceous (Cenoma-
nian) age, but locally in north-central New Mexico the basal 
Dakota is an imprecisely dated, valley-filling fluvial sandstone 
(the Encinal Canyon Member; Aubrey, 1988; Lucas and Estep, 
2000). In north-central New Mexico, the Four Corners region, 
and in southern utah the base of the cretaceous system is com-
posed of fluvial strata of the Lower Cretaceous Burro Canyon 
Formation (Aubrey, 1996), a probable correlative of the Barre-
mian to lower Cenomanian Cedar Mountain Formation (Kirtland 
et al., 1999). The Burro Canyon is, in turn, overlain by the Dakota 
sandstone. the duration of the lacuna represented by the sub-
Dakota unconformity where it overlies the burro canyon forma-
tion is probably ~5–10 Ma million years, based on the timescale 
of Gradstein et al. (2004). Because of insufficient age control, 
the lacuna associated with the unconformity beneath the burro 
canyon formation where it overlies the upper Jurassic morrison 
Formation is poorly constrained, but is probably ~20–50 m.y.

southward from the four corners region, the Dakota sand-
stone progressively oversteps Jurassic, triassic, and Permian 
strata over a distance of ~450 km (Fig. 1). The southward-bev-
eling unconformity beneath the cenomanian Dakota sandstone 
on the colorado Plateau has been described by previous work-
ers (Repenning and Page, 1956; Bilodeau, 1986; Dickinson et 
al., 1989; Potochnik, 2001). In the region of southwestern New 
mexico near silver city, the basal unit of the cretaceous system 
(variously termed the Beartooth Quartzite, the Beartooth Sand-
stone, or the Beartooth Member of the Mojado Formation) over-
lies Permian and Proterozoic rocks. the beartooth is undated. 
It is considered by some to be Early Cretaceous (Albian) in 
age (Lucas and Estep, 1998), but by others to be equivalent in 
whole or part to the Cenomanian Dakota Sandstone (Jones, 1967; 
Chafetz, 1982, Molenaar, 1983; Mack, 1987a, b; Lawton, 2004). 
The Beartooth is overlain by the Mancos Formation (formerly 
Colorado Formation), locally of late middle Cenomanian age 
(Lucas and Estep, 1998).
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SOUTHWESTERN NEW MEXICO

in the bisbee basin area of southwestern new mexico and 
southeastern arizona, the upper Jurassic–Lower cretaceous 
Bisbee Group (ascending, the Hell-to-Finish, U-Bar, and Mojado 

formations) is as much as ~2–4 km thick and overlies strata of 
Jurassic, Permian, and Proterozoic age (Lawton, 2004). The 
bisbee Group contains both continental and marine strata; the 
proportion of marine strata diminishes toward the west (Fig. 1; 
Dickinson and Lawton, 2001).  

fiGure 1. map showing the distribution of preserved cretaceous rocks in new mexico, selected contact relationships within the cretaceous system, 
and the age of the pre-Cretaceous subcrop. Timescale is Gradstein et al. (2004). Abbreviations are: Kd–Cenomanian Dakota Sandstone and equivalents; 
Klc–Lower Cretaceous continental deposits (includes the Burro Canyon Formation in northwestern New Mexico, Albian fluvial-deltaic deposits in 
northeastern New Mexico[(Mateer, 1985, fig. 3], and the subaerial part of the Bisbee Group in Arizona[(Dickinson and Lawton, 2001, fig. ]); Klm–
Lower Cretaceous marine or mixed continental/marine rocks; Kb–Beartooth Sandstone (see text); Km–Mancos Formation; J–Jurassic, Tr–Triassic; 
P–Permian; Pz–Paleozoic; pc–Proterozoic; c–cornudas mountains; cp–cooke’s Peak; Jm–Jornada del muerto; t or c–truth or consequences. a–a’ 
is line of section for figure 2.  
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in a narrow, deep keel of the bisbee basin that runs west-north-
west through the northern part of the bootheel of new mexico, 
Lower cretaceous strata conformably overlie upper Jurassic beds 
(Lawton, 2004, fig. 6). North and south of this keel, Lower Cre-
taceous beds lap unconformably over older rocks. on the north-
ern flank of the Bisbee basin near Cookes Peak, upper Albian to 
earliest Cenomanian beds of the upper Bisbee Group (Mojado 
Formation) lap unconformably across the Lower Permian Abo 
formation, and are, in turn, overlain by the upper cenomanian 
Mancos Formation (Lucas and Estep, 1998). The pre-Cretaceous 
lacuna near Cookes Peak encompasses ~200 m.y. 

EASTERN NEW MEXICO

Like the sub-Dakota sandstone unconformity on the colorado 
Plateau, the erosional base of the cretaceous system in eastern 
new mexico bevels down-section to the south. the basal cre-
taceous strata there, however, are somewhat older (late Albian) 
than the Dakota sandstone to the west. these albian beds are thin 
(generally <80 m) and overstep progressively older beds, ranging 
in age from Jurassic to Permian, to the south (Fig. 1).

In northeastern New Mexico, Lower Cretaceous (upper Albian) 
strata unconformably overlie upper Jurassic rocks and consist of 
fluvial, deltaic and marine beds that are assigned (ascending) to 
the Lytle Sandstone, the Glencairn (or Tucumcari) Formation, 
and the Dakota Group (=Mesa Rica Sandstone, Pajarito Forma-
tion, and Romeroville Sandstone; Mateer, 1985, 1987; Lucas and 
Estep, 2000). Where Albian beds overlie the Upper Jurassic Mor-
rison formation in northeastern new mexico, the lacuna associ-
ated with the sub-Cretaceous unconformity is ~40–45 m.y.  

The Romeroville Sandstone (upper Dakota Group) uncon-
formably overlies the Pajarito formation and may be correlative 
with the Upper Cretaceous (Cenomanian) Oak Canyon Member 
of the Dakota Sandstone to the west (Lucas et al., 1998). Because 
the romeroville has not been directly dated, the duration of the 
pre-romeroville lacuna is not well constrained, but probably 
encompasses part of the latest albian and/or early cenomanian. 
Extensive Lower Cretaceous fluvial-deltaic deposits are present 
in northeastern New Mexico (Fig. 1; Mateer, 1985; Holbrook and 
Dunbar-Wright, 1992). The relationship of these deltaic deposits 
with the fluvial Burro Canyon Formation to the west has not been 
evaluated.

a large area of Lower cretaceous strata as much as 60 m thick 
lies mostly hidden beneath the ogallala Group on the southern 
Great Plains east of Roswell (Fallin, 1988). These strata were 
lithologically correlated to the antlers, walnut, comanche Peak, 
Kiamichi, and Duck Creek formations of Texas by Fallin (1988). 
if this correlation is correct, then these strata range in age from 
late aptian to late albian. fossils and lithotypes from a small 
exposure of these strata near north Lake, however, support a 
more limited age assignment (late Albian) and a different cor-
relation (to the Tucumcari Formation) (Kues and Lucas, 1993, 
Lucas and Estep, 2000). Lower Cretaceous beds in east-central 
new mexico unconformably overlie upper triassic beds of the 
Chinle (or Dockum) Group. If the base of the Cretaceous is upper 

albian, the lacuna associated with the sub-cretaceous unconfor-
mity there is ~100 m.y. in duration.

In the northern Sacramento Mountains ~30 km northeast of 
alamogordo, a small outlier of the upper albian mesa rica sand-
stone unconformably overlies the Permian san andres forma-
tion (Lucas, 1991). The lacuna associated with this unconformity 
encompasses ~180 m.y. A short distance to the north in the Sierra 
blanca basin, cretaceous strata unconformably overlie the upper 
triassic chinle Group. the basal cretaceous strata in the western 
sierra blanca basin are undated but are probably the cenomanian 
Dakota Sandstone (D. Koning, 2010, pers. commun.), although 
elsewhere in the basin the presence of Lower cretaceous strata 
cannot be ruled out.

cretaceous strata are preserved beneath cenozoic deposits in 
the Jornada del muerto region, but are only exposed southeast 
of socorro near carthage where they overlie the triassic chinle 
Group (Hook, 1983), in the northern San Andres Mountains 
(Kottlowski et al., 1956) where they overlie the Permian Artesia 
Group (S.G. Lucas, 2012, written commun.), and near Truth or 
Consequences (Bushnell, 1953; Thompson, 1955; Melvin, 1963; 
Wallin, 1983) and in the southern San Andres Mountains (Kot-
tlowski et al., 1956) where they overlie the Permian San Andres 
formation. 

near carthage, the basal cretaceous strata are correlated to 
the Cenomanian Dakota Sandstone (Hook, 1983). The basal Cre-
taceous strata near truth or consequences and in the northern 
san andres mountains are undated. although regarded as prob-
ably Cenomanian Dakota Sandstone (Bushnell, 1953; Thompson, 
1955; Melvin, 1963; Wallin, 1983, Kottlowski et al., 1956), it 
is possible that unrecognized Lower cretaceous beds are pres-
ent in these areas beneath the Dakota sandstone. in the southern 
san andres mountains, a thin succession of upper albian strata is 
present beneath the Dakota sandstone. these strata were corre-
lated to the fryingpan spring member of the mojado formation 
by Lucas and Estep (1998). 

in the cornudas mountains of south-central new mexico and 
adjacent texas, scattered exposures of middle to upper albian 
marine strata are preserved (Kues and Lucas, 1993; McNeill and 
Nutt, 1998; Lucas and Estep, 2000). These beds unconformably 
overlie Lower Permian strata; the lacuna associated with this 
unconformity is ~200 m.y. in duration. 

DISCUSSION

the oldest cretaceous strata in new mexico occur in the deep 
keel of the bisbee basin, where they conformably overlie Juras-
sic strata (Fig. 2; Lawton, 2004). Elsewhere in the state the base 
of the cretaceous is an unconformity. throughout most of the 
Bisbee basin, the Lower Cretaceous fill lapped across older rocks 
of the complex floor of the developing basin, culminating in the 
onlap of the northern basin margin late in the albian. the time-
transgressive nature of the basal fill of the Bisbee basin thus pro-
vides a fragmentary record of the evolution of the basin, which 
has been interpreted by Dickinson and Lawton (2001) as a back-
arc rift basin. 
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a broad region north of the bisbee basin–chihuahua trough 
that encompasses central and northern new mexico was uplifted, 
tilted north, and beveled by erosion as a result of rift-flank tec-
tonism during the Late Jurassic–Early Cretaceous (Bilodeau, 
1986; Dickinson and Lawton, 2001). Because the effective elas-
tic thickness of this region is only ~5-30 km (Watts, 2001), the 
breadth of the uplifted region (~500 km) suggests tectonism was 
driven by processes in the mantle. it is possible that the south-
ern part of burro canyon formation, which accumulated near 
the northern toe of the rift-shoulder uplift, may represent detri-
tus eroded from the rift-flank to the south. Northeast-directed 
paleoflow measurements and isopach trends in the Burro Canyon 
Formation (Saucier, 1974, Grant and Owen, 1974; Owen et al., 
1978; 2005) support this inference, although no detailed studies 
of provenance and sediment dispersal patterns for this unit have 
yet been attempted.  

Late albian sedimentation in eastern new mexico occurred in 
response to the Kiowa–Skull Creek transgression of the Western 
Interior Seaway (Lucas et al., 1998). This transgression affected 

eastern New Mexico, but not regions to the west (with the pos-
sible exception of the valley-filling Encinal Canyon Member of 
the Dakota Sandstone on the eastern Colorado Plateau). Upper 
Albian deposits lapped across the north-tilted and beveled flank 
of the bisbee basin-chihuahua trough , producing the southward-
increasing, pre-cretaceous lacuna we see in eastern new mexico 
today. 

During the cenomanian, the subsequent, regionally extensive 
Greenhorn transgression caused much of the colorado Plateau to 
become flooded by the epeiric seaway. This transgression resulted 
in the deposition of the Dakota sandstone across the north-tilted 
and beveled strata of what is now the southern colorado Plateau, 
much as had occurred in eastern New Mexico ~5–10 m.y. earlier.
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Great view of a four-mule and freight wagon on the road from the Victorio chief mine in the caballo mountains of sierra county new mexico, ca 
1908. NMBGMR Photo Archive No. p-01746


