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Fig. 1. Paleogeographic map of New Mexico during part of the 
Early Permian (~Wolfcampian) (after Kues and Giles, 2004). The 
numbers in circles locate the columns in the correlation chart in 
Figure 2.
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Introduction
In the southwestern USA, the state of New Mexico preserves a 
paleoenvironmental transect of Upper Carboniferous-Lower 
Permian strata from entirely nonmarine siliciclastic red beds in the 
northern part of the state, to mixed marine-nonmarine strata in the 
central part of the state to wholly marine strata in the southern 
part of the state (Fig. 1). This transect provides a remarkable and 
probably unique opportunity to correlate nonmarine and marine 
biostratigraphic data of the Lower Permian and, in particular, 
across the Carboniferous-Permian boundary. 
The upper Paleozoic strata in New Mexico were deposited in 
equatorial western Pangea during the Ancestral Rocky Mountain 
(ARM) orogeny, so they range from synorogenic alluvial red beds 
to marine carbonates. The Hueco seaway, in southern New Mexico, 
was a western and northwestern extension of the famous Permian 
basin of West Texas. Here we present a progress report on the cross 
correlation of nonmarine and marine biostratigraphy across the 
depositional transect from ARM alluvial plains in northern New 
Mexico to Hueco seafloors in southern New Mexico.

Lower Permian of Central New Mexico
The older nonmarine Lower Permian strata in New Mexico 
encompass siliciclastic red beds of the Cutler Group, Sangre de 
Cristo and Abo formations and the Robledo Mountains Formation, 
a red-bed tongue of the upper part of the Abo Formation intercalated 
with Hueco Group strata in south-central New Mexico (Fig. 2) 
(Lucas et al., 2013e; Voigt et al., 2013). Other red-bed tongues 
of the Abo Formation are intercalated with the Hueco Group to 
the southeast, in the Sacramento Mountains of southeastern New 
Mexico, and in the Franklin Mountains of western Texas (Bachman 
and Hayes, 1958; Pray, 1961; Williams, 1963; Lucas et al., 2011c, 
2014; Lucas 2014). The base of the Abo Formation correlates 
to the middle Wolfcampian (Nealian) Powwow Conglomerate 
at the Hueco Group base (Pray, 1961; Williams, 1963; Lucas et 
al., 2011a), and records a pulse of the ARM orogeny, the Dugout 
orogeny of Ross and Ross (1987). The red-bed strata yield well-
known fossil assemblages of plants, tetrapod bones, vertebrate 
footprints and arthropod traces, as well as a few arthropod body 

fossils. The tetrapod footprint record is the most extensive record 
of Early Permian age known (Lucas and Heckert, 1995; Minter 
and Braddy, 2009; Lucas et al., 2011b; Voigt and Lucas, 2015).
At the base of the Permian section, and locally transgressing the 
Carboniferous-Permian boundary ( = Wolfcampian base: Lucas, 
2013a, c), is the mixed marine-nonmarine Bursum Formation. The 
marine biostratigraphy from Bursum carbonate beds can be directly 
related to tetrapod and blattid (cockroach) biostratigraphy from 
the intercalated nonmarine strata (see, especially, articles in Lucas 
and Zeigler, 2004, as well as Lucas et al., 2013c and Schneider 
et al., 2013). Thus, fusulinid and conodont biostratigraphy of 
the Bursum Formation demonstrate that it is diachronous, older 
(Virgilian or Virgilian/Wolfcampian) north of Socorro and younger 
(Wolfcampian) to the south, and that its base and/or top are 
unconformable in many sections (e. g., Lucas et al., 2000, 2009, 
2013c; Krainer and Lucas, 2013). 
The oldest Lower Permian marine strata of southern New Mexico 
belong to the Hueco Group and are mostly shallow marine 
platform carbonates (Fig. 2). They have well-studied fusulinid and 
brachiopod records (e. g., Thompson, 1954; Simpson, 1984; Kues, 
1995; Lucas et al., 2000, 2015; Wahlman and King, 2002), a few 
ammonoid records (Miller and Parizek, 1948; Kues, 1995), and 
recent studies have developed an extensive understanding of other 
microfossil records, particularly of non-fusulinid foraminifers and 
algae (Krainer et al., 2003, 2009, 2015; Lucas et al., 2015). The 
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most significant result for correlation to the nonmarine section is 
identification of the Leonardian/Artinskian age of the Robledo 
Mountains Formation (Fig. 3). This indicates that the base of the 
Leonardian is in the upper part of the Abo lithosome (below strata 
correlative to the Robledo Mountains Formation) to the north (Fig. 
2).
Broadly overlying all of these older Permian strata is the Yeso 
Group, a complex array of shallow marine, sabkha, arid coastal 
plain and eolian strata that extend across much of New Mexico 
(Fig. 2) (Lucas et al., 2013b). To the northwest, the lower part of 
the Yeso Group is the DeChelly Sandstone, which was deposited 
by an erg that covered the Four Corners region. To the southeast, 
Yeso strata are laterally equivalent to marine strata of the 
Victorio Peak and Bone Spring formations in the Permian basin. 
In between, across most of central New Mexico, Yeso strata are 
composed of gypsum, siltstone, fine sandstone and thin dolomite 
beds that represent deposition in brine pools, sabkhas, tidal flats 

and eolian sand sheets on a vast coastal plain to the northwest of 
the Permian basin (Mack and Dinterman, 2002). Yeso strata have 
long been regarded as largely unfossiliferous or, at least, devoid of 
biostratigraphically useful fossils. However, during the last decade 
we have discovered tetrapod footprint and plant assemblages in 
the lower part of the Yeso strata (Arroyo de Alamillo Formation: 
Lucas et al., 2013b), and marine interbeds stratigraphically high 
in the Yeso Group (Los Vallos Formation) locally yield extensive 
microfossil assemblages (Vachard et al., 2013, 2015), though 
fusulinids remain undiscovered.
In central New Mexico, the Glorieta Sandstone overlies the Yeso 
Group and is homotaxial to the Coconino Sandstone of northern 
Arizona and the San Angelo Formation in the Midland basin of 
Texas (Fig. 2) (Lucas, 2004; Lucas et al., 2013a). Glorieta strata are 
mostly of eolian origin (Mack and Bauer, 2014), and the Coconino 
yields a well known ichnofauna, whereas the youngest Permian 
tetrapod body fossils from North America (Littlecrotonian LVF of 

Fig. 2. Correlation of non-marine and marine strata from north to south across central New Mexico. See Figure 1 for location of columns. 
Modified from Lucas et al. (2013e).
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Lucas, 2006) are from the San Angelo Formation in Texas and its 
Oklahoma equivalents, the Flowerpot and Chickasha formations 
(Olson, 1962; Lucas, 2004). No biostratigraphically useful fossils 
have been recovered from the Glorieta Sandstone in New Mexico. 

But, these homotaxial eolian and fluvial units are overlain by late 
Leonardian strata—the lower parts of the Kaibab Formation in 
Arizona, San Andres Formation in New Mexico-West Texas and 
the Blaine Formation in north-central Texas-Oklahoma (Lucas, 

Fig. 3. Foraminiferal biozonation of the marine Lower Permian of southern New Mexico (modified from Lucas et al., 
2015 and Vachard et al., 2015). The column for thicknesses is for the Robledo Mountains section in southern New 
Mexico.
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2004; Vachard et al., 2015).
Marine strata of the San Andres Formation in central New Mexico 
yield numerous fossils, traditionally brachiopods and cephalopods 
(e.g., Kottlowski et al., 1956; Krainer et al., 2012), and more 
recently nonfusulinid foraminifers and algae (Vachard et al., 2013, 
2015) that indicate the San Andres Formation is of late Leonardian 
age (Fig. 3). Note that to the southeast, toward the Permian basin, 
younger strata of the San Andres Formation are preserved that are 
of Roadian age (Kerans et al., 1993), but the central New Mexico 
San Andres Formation appears to be a less temporally extensive 
unit that represents only late Leonardian time (Brose et al., 2013; 
Vachard et al., 2013, 2015).
The Artesia Formation encompasses the youngest Permian strata 
across central New Mexico (e. g., Tait et al., 1962; Kelley, 1972; 
Lucas and Hayden, 1991; Lucas, 2013b). These are siliciclastic red 
beds, dolomites and gypsum that were deposited on the vast shelf 
behind the great Guadalupian reefs that fringed the northwestern 
end of the Permian basin. In central New Mexico, the Artesia 
Formation is a thin clastic wedge that lacks age diagnostic fossils 
but is equivalent to the Grayburg and Queen formations basinward. 
Thus, Artesia Formation strata in central New Mexico (from San 
Miguel to Socorro counties) are Wordian based on stratigraphic 
position and basinward age determinations of correlative strata 
(Lucas, 2013b).

Biostratigraphy, Biochronology and Chronostratigraphy
Recent micropaleontological work in the Hueco and Yeso groups 
and San Andres Formation (Lucas et al., 2011a, c, 2015; Krainer 
et al., 2003, 2009, 2015; Vachard et al., 2013, 2015), combined 
with earlier work, have allowed us to construct a biozonation 
of these strata that can be correlated to the standard global 
chronostratigraphic scale (Fig. 3). This correlation places the 
Leonardian base in the Hueco Group.
The nonmarine red beds yield fossil vertebrate assemblages that 
are part of a succession of biochronological units (LVFs: land-
vertebrate faunachrons) that Lucas (2006) proposed for Permian 
time. In terms of diversity of taxa, abundance of specimens, and 
quality of preservation the Lower Permian vertebrate assemblages 
of New Mexico clearly rank as among the most prolific in North 
America, which are dominated by the amphibian lepospondyls, 
temnospondyls (particularly dissorophoids), and anthracosaurs, the 
reptilian captorhinomorphs and araeoscelids, the diadectomorphs 
(?reptiles), and the basal synapsids (“pelycosaurs”) (Berman et 
al., 2015). In New Mexico, tetrapod assemblages of the Cobrean, 
Coyotean and Seymouran LVFs are identified by stratigraphically 
superposed, tetrapod-dominated assemblages from the Cutler 
Group, Bursum Formation and the Abo Formation. In New 
Mexico-Texas, these and the younger Early Permian LVFs can be 
cross correlated to the provincial marine timescale with some fair 
precision (Fig. 2) (Lucas, 2006).
Tetrapod footprint assemblages from the Abo, Sangre de Cristo 
and Robledo Mountains formations and the lower Yeso Group can 
be divided into two biochrons—the latter part of the Dromopus 
biochron of Lucas (2007), which encompasses all but the 
uppermost Abo Formation and lower Yeso Group footprints, and 
the Erpetopus biochron of the uppermost Abo Formation and the 
lower Yeso Group (Fig. 2) (Voigt and Lucas, 2013, 2015). The 

footprint assemblages of the Abo Formation and the Robledo 
Mountains Formation are dominated by those of temnospondyls 
(Batrachichnus) and araeoscelids (Dromopus) with some 
eupelycosaur (Dimetropus) tracks (e. g., Lucas and Heckert, 1995; 
Lucas et al., 2011b; Minter and Braddy, 2009; Voigt and Lucas, 
2013, 2015). The helical burrow Augerinoichnus (Minter et al., 
2008) also is known only from the Abo and Robledo Mountains 
formations. 
In contrast, ichnoassemblages of the lower part of the Yeso 
Group (Arroyo de Alamillo Formation) in central New Mexico 
are dominated by “captorhinomorph” tracks (especially of 
Varanopus), have only rare Batrachichnus and Dromopus, lack 
Augerinoichnus and include the lowest occurrence of the shallow 
arthropod burrow Sphaerapus (Lucas et al., 2013d). The change in 
ichnoassemblages is the boundary between the Dromopus (older) 
and Erpetopus (younger) biochrons (Fig. 2) (Lucas, 2007; Voigt 
and Lucas, 2013). 
Fossil plant assemblages from the Lower Permian nonmarine 
red beds are of low diversity and monotonous in composition. 
Assemblages are dominated by walchian conifers with local 
dominance by the peltasperm Supaia. Localized occurrences 
of callipterids, such as Autunia conferta and sphenopsids, are 
reported (Hunt, 1983; DiMichele et al., 2007, 2013; Voigt et al., 
2013). The only potentially biostratigraphically significant fossil 
taxon in these red-beds assemblages is Gigantopteridium (Read 
and Mamay, 1964), known only from rare occurrences; its presence 
in the Robledo Mountains Formation (DiMichele et al., 2015) is 
consistent with a Leonardian age for these strata.
Permian-Carboniferous macrofloral assemblages from strata other 
than the Abo Formation red beds (and equivalents) have been 
described from several locations and stratigraphic intervals in 
central New Mexico. For the most part, however, these are only 
of the broadest use for correlation because they preserve floras 
principally associated with seasonally dry climatic conditions, for 
which detailed biostratigraphic ranges are less well characterized 
within the global paleoequatorial region. Nearly all preserve some 
wetland elements, reflecting habitat heterogeneity, but these are 
most often long-ranging, broadly distributed taxa or contain rare, 
but significant, species for which stratigraphic ranges have not been 
confidently established. Macrofloras of the Bursum Formation 
(Tidwell and Ash, 2004; DiMichele et al., 2004), for example, 
indicate a mixture of typically wetland and dryland taxa, typical of 
the Carboniferous-Permian transition elsewhere in western Pangea 
(e.g., Tabor et al., 2012). 
Little palynology has been undertaken of the Lower Permian strata 
in central New Mexico beyond studies of the Bursum Formation at 
Carrizo Arroyo (Traverse and Ash, 1999; Utting et al., 2004). These 
palynological studies are consistent with other investigations and 
find the Carrizo Arroyo deposits to be close to the Pennsylvanian-
Permian boundary, likely earliest Permian. Conchostracans and 
insect fossils are rare above the Bursum interval (Martens and 
Lucas, 2005), so little biostratigraphy can be based on them. 
Work continues on biostratigraphy and correlation in the Lower 
Permian nonmarine-marine depositional systems in central New 
Mexico. Thus, this is a progress report on a project that we hope to 
present in final form in the next few years.



Permophiles Issue #61 June 2015

15

References
Bachman, G.O. and Hayes, P.T., 1958. Stratigraphy of the Upper 

Pennsylvanian and Lower Permian rocks in the Sand Canyon 
area, Otero County, New Mexico. Geological Society of 
America Bulletin, v. 69, p. 689-700. 

Berman, D.S, Henrici, A.C. and Lucas, S.G., 2015. Pennsylvanian-
Permian red bed vertebrate localities of New Mexico and their 
assemblages. New Mexico Museum of Natural History and 
Science, Bulletin 68, in press.

Brose, R.J., Lucas, S.G. and Krainer, K., 2013. The Permian San 
Andres Formation in central and western New Mexico. New 
Mexico Museum of Natural History and Science, Bulletin 59, 
p. 213-226.

DiMichele, W.A., Kerp, H. and Chaney, D.S., 2004. Tropical floras 
of the Late Pennsylvanian–Early Permian transition. Carrizo 
Arroyo in context: New Mexico Museum of Natural History 
and Science, Bulletin 25, p. 105-109. 

DiMichele, W.A., Chaney, D.S., Lucas, S.G., Kerp, H. and Voigt, 
S., 2013. Flora of the Lower Permian Abo Formation red-
beds, western equatorial Pangea, New Mexico. New Mexico 
Museum of Natural History and Science, Bulletin 59, p. 
265-288.

DiMichele, W.A., Lucas, S.G., Looy, C.V., Chaney, D.S. and 
Voigt, S., 2015. Early Permian fossil floras from the red beds 
of Prehistoric Trackways National Monument, southern 
New Mexico. New Mexico Museum of Natural History and 
Science, Bulletin 65, p. 129-139.

DiMichele, W.A., Chaney, D.S., Nelson, W.J., Lucas, S.G., Looy, 
C.V., Quick, K. and Jun, W., 2007. A low diversity, seasonal 
tropical landscape dominated by conifers and peltasperms: 
Early Permian Abo Formation, New Mexico. Review of 
Palaeobotany and Palynology, v. 145, p. 249-273.

Hunt, A., 1983. Plant fossils and lithostratigraphy of the Abo 
Formation (Lower Permian) in the Socorro area and plant bio-
stratigraphy of Abo red beds in New Mexico. New Mexico 
Geological Society, Guidebook 34, 157-163.

Kelley, V.C., 1972. Outcropping Permian shelf formations of east-
ern New Mexico. New Mexico Geological Society, Guidebook 
23, p. 72-78. 

Kerans, C., Fitchen, W.M., Gardner, M.H. and Wardlaw, B.R., 
1993. A contribution to the evolving stratigraphic framework 
of Middle Permian strata of the Delaware basin, Texas and 
New Mexico. New Mexico Geological Society, Guidebook 44, 
p. 175-184.

Kottlowski, F.E., Flower, R. H., Thompson, M.L., and Foster, 
R.W., 1956. Stratigraphic studies of the San Andres Mountains, 
New Mexico. New Mexico Bureau of Mines and Mineral 
Resources, Memoir 1, 132 p.

Krainer, K. and Lucas, S.G., 2013. The Pennsylvanian-Permian 
Bursum Formation in central New Mexico. New Mexico 
Museum of Natural History and Science, Bulletin 59, p. 
143-160.

Krainer, K., Lucas, S.G. and Brose, R.J., 2012. Reference section 
of the Lower Permian San Andres Formation, Sierra County, 
New Mexico. New Mexico Geological Society, Guidebook 63, 
p. 395-405.

Krainer, K., Vachard, D. and Lucas, S.G., 2003. Microfacies and 

microfossil assemblages (smaller foraminifers, algae, pseudo-
algae) of the Hueco Group and Laborcita Formation (Upper 
Pennsylvanian-Lower Permian), south-central New Mexico, 
USA. Rivista Italiana di Paleontologia e Stratigrafia, v. 109, 
p. 3-36.

Krainer, K., Vachard, D. and Lucas, S.G., 2009. Facies, microfossils 
(smaller foraminifers, calcareous algae) and biostratigraphy 
of the Hueco Group, Doña Ana Mountains, southern New 
Mexico, USA. Rivista Italiana di Paleontologia e Stratigrafia, 
v. 115, p. 3-26.

Krainer, K., Lucas, S.G., Vachard, D. and Barrick, J.E., 2015. The 
Pennsylvanian-Permian section at Robledo Mountain, Doña 
Ana County, New Mexico. New Mexico Museum of Natural 
History and Science, Bulletin 65, p. 9-41.

Kues, B.S., 1995. Marine fauna of the Early Permian (Wolfcampian) 
Robledo Mountains Member, Hueco Formation, southern 
Robledo Mountains, New Mexico. New Mexico Museum of 
Natural History and Science, Bulletin 6, p. 63-90.

Kues, B.S. and Giles, K.A., 2004. The late Paleozoic ancestral 
Rocky Mountains system in New Mexico. In Mack, G.H. and 
Giles, K.A., eds. The geology of New Mexico: A geologic his-
tory. New Mexico Geological Society, Special Publication, v. 
11, p. 95-136. 

Lucas, S.G., 2004. A global hiatus in the Middle Permian tetrapod 
fossil record. Stratigraphy, v. 1, p. 47-64.

Lucas, S.G., 2006. Global Permian tetrapod biostratigraphy and 
biochronology. In Lucas, S.G., Schneider, J.W. and Cassinis, 
G., eds. Nonmarine Permian chronology and correlation. 
Geological Society, London, Special Publication 265, p. 65-93.

Lucas, S.G., 2007. Tetrapod footprint biostratigraphy and bio-
chronology. Ichnos, v. 14, p. 5-38.

Lucas, S.G., 2013a. Reconsideration of the base of the Permian 
System. New Mexico Museum of Natural History and Science, 
Bulletin 60, p. 230-232. 

Lucas, S.G., 2013b. The Permian Artesia Formation in central 
New Mexico. New Mexico Museum of Natural History and 
Science, Bulletin 59, p. 227-232. 

Lucas, S.G., 2013c. We need a new GSSP for the base of the 
Permian. Permophiles, v. 58, p. 8-12.

Lucas, S. G., 2014. Trace fossils from the Lower Permian Yeso 
Group, Otero Mesa, Otero County, New Mexico. New Mexico 
Geological Society, Guidebook 65, p. 303-310.

Lucas, S.G. and Hayden, S.N., 1991. Type section of the Permian 
Bernal Formation and the Permian-Triassic boundary in north-
central New Mexico. New Mexico Geology, v. 13, p. 9-15. 

Lucas, S.G. and Heckert, A.B., eds., 1995. Early Permian foot-
prints and facies. New Mexico Museum of Natural History 
and Science, Bulletin 6, 301 p. 

Lucas, S.G. and Zeigler, K.E., eds., 2004. Carboniferous-Permian 
transition at Carrizo Arroyo, central New Mexico. New 
Mexico Museum of Natural History and Science, Bulletin 25, 
300 p.

Lucas, S.G., Krainer, K. and Barrick, J., 2009. Pennsylvanian 
stratigraphy and conodont biostratigraphy in the Cerros 
de Amado, Socorro County, New Mexico. New Mexico 
Geological Society, Guidebook 60, p. 183-212. 

Lucas, S.G., Krainer, K. and Brose, R.J., 2013a. The Lower 



Permophiles Issue #61 June 2015

16

Permian Glorieta Sandstone in central New Mexico. New 
Mexico Museum of Natural History and Science, Bulletin 59, 
p. 201-211.

Lucas, S.G., Krainer, K. and Vachard, D., 2011a. Stratigraphy, age, 
depositional environments and regional tectonic significance 
of the Powwow Member of the Hueco Canyon Formation, 
Lower Permian of the Hueco Mountains, West Texas. West 
Texas Geological Society, Bulletin 49 (6), p. 20-40.

Lucas, S.G., Krainer, K. and Vachard, D., 2015. The Lower 
Permian Hueco Group, Robledo Mountains, New Mexico 
(U.S.A.). New Mexico Museum of Natural History and 
Science, Bulletin 65, p. 43-95.

Lucas, S.G., Krainer, K. and Voigt, S., 2013b. The Lower Permian 
Yeso Group in central New Mexico. New Mexico Museum of 
Natural History and Science, Bulletin 59, p. 181-199. 

Lucas, S.G., Barrick, J.E., Krainer, K. and Schneider, J.W., 2013c. 
The Carboniferous-Permian boundary at Carrizo Arroyo, 
central New Mexico, USA. Stratigraphy, v. 10, p. 153-170 

Lucas, S.G., Voigt, S., Lerner, A.J. and Rainforth, E.C., 2013d. 
Sphaerapus, a poorly known invertebrate trace fossil from 
nonmarine Permian and Jurassic strata of North America. 
Ichnos, v. 20, p. 142–152. 

Lucas, S.G., Wilde, G.L., Robbins, S. and Estep, J.W., 2000. 
Lithostratigraphy and fusulinaceans of the type section of 
the Bursum Formation, upper Carboniferous of south-central 
New Mexico. New Mexico Museum of Natural History and 
Science, Bulletin 16, p. 1-13. 

Lucas, S.G., Krainer, K., Corbitt, L., DiBenedetto, J. and Vachard, 
D., 2011c. The Trans Mountain Road Member, a new strati-
graphic unit of the Lower Permian Hueco Group, northern 
Franklin Mountains, Texas. New Mexico Museum of Natural 
History and Science, Bulletin 53, p. 93-109. 

Lucas, S.G., Krainer, K., Voigt, S., Berman, D.S. and Henrici, 
A., 2014. The Lower Permian Abo Formation in the northern 
Sacramento Mountains, southern New Mexico. New Mexico 
Geological Society, Guidebook 65, p. 287-302 

Lucas, S.G., Voigt, S., Lerner, A.J., MacDonald, J.P., Spielmann, 
J.A. and Celeskey, M.D., 2011b. The Prehistoric Trackways 
National Monument, Permian of southern New Mexico, 
U.S.A. Ichnology Newsletter,v. 28, p. 10-14.

Lucas, S.G., Krainer, K., Chaney, D.S., DiMichele, W.A., Voigt, 
S., Berman, D.S. and Henrici, A.C., 2013e. The Lower Permian 
Abo Formation in central New Mexico. New Mexico Museum 
of Natural History and Science, Bulletin 59, p. 161-179.

Mack, G.H. and Bauer, E.M., 2014. Depositional environments, 
sediment dispersal, and provenance of the Early Permian 
(Leonardian) Glorieta Sandstone, central New Mexico. New 
Mexico Geological Society, Guidebook 65, p. 261-271.

Mack, G H. and Dinterman, P.A., 2002. Depositional environ-
ments and paleogeography of the Lower Permian (Leonardian) 
Yeso and correlative formations in New Mexico. The Mountain 
Geologist, v. 39, p. 75-88.

Martens, T. and Lucas, S.G., 2005. Taxonomy and biostratigra-
phy of Conchostraca (Branchiopoda, Crustacea) from two 
nonmarine Pennsylvanian localities in New Mexico. New 
Mexico Museum of Natural History and Science, Bulletin 30, 
p. 208-213.

Miller, A.K. and Parizek, E.J., 1948. A Lower Permian ammo-
noid fauna from New Mexico. Journal of Paleontology, v. 22, 
p. 350-358.

Minter, N.J. and Braddy, S. J., 2009. Ichnology of an Early Permian 
intertidal flat: The Robledo Mountains Formation of southern 
New Mexico, U.S.A. Special Papers in Palaeontology, v. 82, 
p. 1-107.

Minter, N.J., Lucas, S.G., Lerner, A.J. and Braddy, S.J., 2008. 
Augerinoichnus helicoidales, a new helical trace fossil 
from the non-marine Permian of New Mexico. Journal of 
Paleontology, v. 82, p. 1201-1206. 

Olson, E.C., 1962. Late Permian terrestrial vertebrates, U.S.A. 
and U.S.S.R. Transactions of the American Philosophical 
Society New Series, v. 52, p. 1-223. 

Pray, L.C., 1961. Geology of the Sacramento Mountains escarp-
ment, Otero County, New Mexico. New Mexico Bureau of 
Mines and Mineral Resources, Bulletin 35, 144 p. 

Read, C.B and Mamay, S.H., 1964. Upper Paleozoic floral zones 
and floral provinces of the United States. U.S. Geological 
Survey, Professional Paper 454-K, p. 1-35.

Ross, C.A. and Ross, J.R.P., 1985. Paleozoic tectonics and sedi-
mentation in West Texas, southern New Mexico, and southern 
Arizona. West Texas Geological Society, Publication 85-81, 
p. 221-230.

Schneider, J.W., Lucas, S.G. and Barrick, J.E., 2013. The Early 
Permian age of the Dunkard Group, Appalachian basin, U.S.A., 
based on spiloblattinid insect biostratigraphy. International 
Journal of Coal Geology, v. 119, p. 88–92.

Simpson, R.D., 1984. Permian Brachiopoda from far west Texas 
and southwestern New Mexico. [Ph.D. dissertation], El Paso, 
University of Texas, 401 p.

Tabor, N.J., DiMichele, W.A., Montañez, I.P. and Chaney, D.S., 
2013. Late Paleozoic continental warming of a cold tropical 
basin and floristic change in western Pangea. International 
Journal of Coal Geology, v. 119, p. 177-186.

Tait, D. B., Ahlen, J.L., Gordon, A., Scott, G.L., Mots, W.L., 
and Spitler, M.E., 1962. Artesia Group of New Mexico and 
West Texas. American Association of Petroleum Geologists, 
Bulletin, v. 46, p. 504-517.

Thompson, M.L., 1954. American Wolfcampian fusuli-
nids. University of Kansas, Paleontological Contributions, 
Protozoa, Article 5, 226 p. 

Tidwell, W.D., and Ash, S.R., 2004. Synopsis of the flora in the 
Red Tanks Formation, Carrizo Arroyo, New Mexico. New 
Mexico Museum of Natural History and Science, Bulletin 25, 
p. 97-103.

Traverse, A. and Ash, S.R., 1999. Preliminary assessment of the 
age of the palynoflora of the Red Tanks Member, Madera 
Formation, Carrizo Arroyo, New Mexico. New Mexico 
Geological Society, Guidebook 50, p. 293-296.

Utting, J., Hartkopf-Fröder, C., Lucas, S.G. and Traverse, A., 
2004. Palynological investigation of the Upper Pennsylvanian 
Red Tanks Member, Bursum Formation, Carrizo Arroyo, New 
Mexico, U.S.A. New Mexico Museum of Natural History and 
Science, Bulletin 25, p. 89-96.

Vachard, D. , Krainer, K. and Lucas, S. G., 2013. The Artinskian-
Kungurian (upper Lower Permian) calcareous algae and 



Permophiles Issue #61 June 2015

17

smaller foraminifers of the Yeso Group and San Andres 
Formation (New Mexico, USA). New Mexico Museum of 
Natural History and Science, Bulletin 59, p. 347-348.

Vachard, D., Krainer, K. and Lucas, S., 2015. Kungurian (late 
Early Permian) algae, microproblematica, and smaller fora-
minifers from the Yeso Group and San Andres Formation 
(New Mexico; USA). Palaeontologia Electronica (in press).

Voigt, S. and Lucas, S.G., 2013. Carboniferous-Permian tetrapod 
footprint biochronozonation. New Mexico Museum of Natural 
History and Science, Bulletin 60, p. 444.

Voigt, S. and Lucas, S.G., 2015. Permian tetrapod ichnodiversity 
of the Prehistoric Trackways National Monument (south-cen-
tral New Mexico, U.S.A.). New Mexico Museum of Natural 
History and Science, Bulletin 65, p. 153–167. 

Voigt, S., Lucas, S.G. and Krainer, K., 2013. Coastal-plain origin 
of trace-fossil bearing red beds in the Early Permian of south-
ern New Mexico, U.S.A. Palaeogeography, Palaeoclimatology, 
Palaeoecology, v. 369, p. 323-334.

Wahlman, G.P. and King, W.E., 2002. Latest Pennsylvanian and 
earliest Permian fusulinid biostratigraphy, Robledo Mountains 
and adjacent ranges, south-central New Mexico. New Mexico 
Bureau of Geology and Mineral Resources, Circular 208, p. 
1-26.

Williams, T.E., 1963. Fusulinidae of the Hueco Group (Lower 
Permian), Hueco Mountains, Texas. Peabody Museum of 
Natural History, Yale University, Bulletin 18, 122 p.

 


