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Abstract—The Sandia Mountain Natural History Center (SMNHC) is 52 hectares (128 acres) of land on the eastern
dipslope of the Sandia Mountains at Cedar Crest, Bernalillo County. We describe the Permian and Triassic bedrock
of the SMNHC, assigning it to the (ascending order) Permian Joyita Member of the Los Vallos Formation (Yeso
Group), Glorieta Sandstone and San Andres Formation, and the Triassic Moenkopi Formation and Shinarump
Formation (Chinle Group). Only the uppermost 43 m of the Yeso Group are described, and these are reddish-brown,
fine- to medium-grained, mostly ripple-laminated sandstone. The Glorieta Sandstone consists of horizontally
laminated, ripple-laminated and trough-crossbedded, fine-grained quartz sandstone divided into a lower part
(31 m thick) and an upper part (25 m thick) separated by 12.5 m of limestone of the San Andres Formation. The
intercalated San Andres strata are mostly muddy limestone and dolomitic limestone and contain a microfauna of
algae and foraminifers of likely late Leonardian (Kungurian) age. Above the Glorieta Sandstone, another 25 m of
San Andres Formation cap the Lower Permian strata. They are disconformably overlain by siliciclastic red beds
of the Middle Triassic Moenkopi Formation, which are 64 m thick, largely covered, but where exposed consist of
grayish-red mudstone and horizontally laminated and trough-crossbedded litharenitic sandstone. The uppermost 8
m of the stratigraphic section at the SMNHC are limestone-clast conglomerates and crossbedded quartz sandstone
at the base of the Upper Triassic Shinarump Formation of the Chinle Group. The Permian-Triassic stratigraphic
units exposed at the SMNHC represent arid coastal plain (Yeso), eolian (Glorieta), marine carbonate platform
(San Andres) and fluvial (Moenkopi, Shinarump) depositional environments

INTRODUCTION
The Sandia Mountain Natural History Center (SMNHC) is 52
hectares (128 acres) of forested land located on the eastern dipslope
of the Sandia Mountains at Cedar Crest in Bernalillo County (Fig. 1).
The center is managed as a cooperative project of the Albuquerque
Public Schools and the New Mexico Museum of Natural History and
Science to educate school-age students about the local environment,
notably biology and forest ecology. In an effort to add geology to
that educational program, we have undertaken a detailed study of the
bedrock geology of the center, which is a homoclinal stratigraphic
section of sedimentary rocks of Permian and Triassic age (Figs. 2-3).
Here, we present stratigraphic, petrographic and micropaleontological
data on this section to interpret its age and sedimentary history.
GEOLOGIC SETTING
The SMNHC is located on the eastern dipslope of the Sandia
Mountains, a fault-block mountain range that borders the eastern edge
of the Rio Grande rift at Albuquerque. The Sandia Mountains are a
Basin-and-Range uplift of late Cenozoic age. The steep, west face of
the range is a granite massif that faces the Albuquerque basin of the
Rio Grande rift and towers about 1.6 km (one mile) above the alluvial
fans, terrace and river floodplain deposits upon which the city of
Albuquerque is built (e.g., Kelley and Northrop, 1975; Connell, 2008).
Along the western face of the Sandia Mountains, the granitic
core of the range is capped by Pennsylvanian strata—the Sandia and
Gray Mesa formations of Early to Middle Pennsylvanian age. These
strata thus rest directly on the Late Proterozoic (~ 1.46 Ga) granite at
the “great unconformity.” (Locally, some thin slivers of Mississippian
strata may be present: Read et al., 1999). The dipslope of the eastern
side of the Sandia Mountains is largely mantled by these Pennsylvanian
strata as well as by Upper Pennsylvanian strata of the Atrasado
Formation (Krainer et al., 2011; Lucas et al., 2014). Down the dipslope,
near its topographic base, younger Permian and Mesozoic strata are
present. The SMNHC occupies a position relatively low on the eastern
dipslope of the Sandia Mountains, so the exposed bedrock is composed
of sedimentary rocks of Permian and Triassic age (Fig. 1).
GEOLOGIC FEATURES OF THE SMNHC

1-3). These strata are the focus of this article.
2. Surficial deposits of colluvium and alluvium. These are of
Pleistocene-Holocene age and fill valleys and mantle upland surfaces
in and around the SMNHC (Fig. 1). We did not study these rocks in
detail.
3. Exotic blocks and fossils of Pennsylvanian age. These are pieces
of Pennsylvanian limestone, most or all from the Gray Mesa Formation,
that have been transported down the dipslope to lie on outcrops of
younger bedrock. We briefly discuss below two such outcrops in the
SMNHC.
DISPLACED PENNSYLVANIAN ROCKS
Pennsylvanian strata are exposed to the west of the SMNHC
along the crest and upper dipslope of the Sandia Mountains (Karlstrom
et al., 2000; Read et al., 2000). However, two notable places in the
SMNHC contain displaced pieces of Pennsylvanian bedrock. The first
is located on the southern end of the Mud Springs Trail, where a block
of Pennsylvanian limestone is next to the trail. This block contains
a large tooth of the shark Petalodus (Fig. 4). The block is loose and
has brown nodules of chert, unlike any of the local Permian limestone
bedrock, and clearly was brought down the canyon during a flood.
We took a sample from this limestone block that is a bryozoan
wackestone to floatstone that contains abundant fragments of bryozoans,
some > 1 cm in size. Echinoderm fragments, brachiopods, ostracodes,
spicules and smaller foraminifers (Bradyina, Syzrania, Tubertina and
Tetrataxis) are subordinate fossils in the block. A few fusulinids are also
present. The microfacies and fossil assemblage of the block is typical of
the Gray Mesa Formation.
Near the northeastern corner of the SMNHC, what instructors at
the center call the “fossil area,” is a debris of cobbles of Pennsylvanian
limestone full of crinoids, brachiopods, bryozoans and rugose corals.
These cobbles are loose alluvium, not bedrock. The bedrock here is
Triassic (Chinle Group) mudstone.
LITHOSTRATIGRAPHY, PETROGRAPHY AND
PALEONTOLOGY
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FIGURE 1. Index map and geologic map of the SMNHC and vicinity showing location of measured section in Figure 2. Geology after Karlstrom
et al. (2000) and Read et al. (2000).
petrography and paleontology of these strata.
Permian Strata
Yeso Group (Joyita Member, Los Vallos Formation)

Group. We measured 43 m of these strata, which we assign to the Joyita
Member of the Los Vallos Formation (cf. Lucas et al., 2005, 2013b).
These are ripple-laminated and laminated, tabular bedded sandstones.
These strata are not well exposed except along steep stream banks and
in the Mud Springs Trail pathway (Fig. 3A). They crop out as thin
ledges and blocks of reddish-brown sandstone or underlie reddishbrown slopes covered by soil and vegetation.
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FIGURE 2. Measured stratigraphic section of Permian and Triassic rocks in the SMNHC. See Figure 1 for location of section.

208

FIGURE 3. Selected photographs of outcrops of Permian and Triassic rocks at the SMNHC. A, outcrop near base of section (Figure 2, unit 2) in
Mud Springs Trail of thin-bedded and ripple-laminated sandstone of Joyita Member of Los Vallos Formation (Yeso Group). B, contact of lower
part of Glorieta Sandstone and intercalated limestone of San Andres Formation. Rock hammer sits on contact, which is on north end of Mud
Springs Trail, and is equivalent to the upper part of unit 30 in Figure 2. C, thick-bedded limestone of upper part of San Andres Formation. D,
laminated sandstone of Anton Chico Member of Moenkopi Formation. E, limestone-pebble conglomerate at base of Shinarump Formation (Figure
2, unit 52). F, cross-bedded sandstone of Shinarump Formation (Figure 2, unit 52). Rock hammer is 28 cm long.
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FIGURE 4. Tooth of the shark Petalodus in displaced block of Gray Mesa Formation on southern limb of Mud Springs Trail.
Joyita Member strata at the SMNHC are composed of different
types of fine- to medium-grained sandstone: (1) horizontally laminated
sandstone, (2) ripple-laminated sandstone and (3) massive sandstone.
Very fine grained (grain size mostly 0.05 to 0.1 mm) sandstone (Fig.
2, units 1, 2, 3, 7) is well sorted. The detrital grains are subangular
to subrounded and dominantly monocrystalline quartz (Fig. 5A, C).
Polycrystalline quartz is very rare. Feldspars are a common constituent
and include grains displaying polysynthetic twins (plagioclase)
and perthitic grains as well as untwinned feldspars (Fig. 5B). Many
feldspar grains are slightly altered. Detrital mica grains are common
and represented by muscovite and green biotite. Rarely, chert grains
are observed. Accessory grains are tourmaline, zircon and opaque
minerals. The detrital grains are cemented by quartz, which occurs as
authigenic overgrowths on detrital grains. The sandstone is red due
to diagenetically formed, very fine hematite. Fine-grained sandstone
(grain size 0.1 to 0.3 mm) is well sorted, and most grains are subrounded
to rounded, but a few grains are well rounded. Micas are less common
than in the very fine grained sandstone (unit 4).
Another sandstone type is characterized by a bimodal grain-size
distribution. A few larger, mostly subrounded grains (0.2-1mm) of
mono- and polycrystalline quartz, as well as detrital feldspar (microcline,
untwinned and perthitic, rare polysynthetic twinned plagioclase) grains
float in very fine grained sandstone (grain size mostly 0.05-0.1 mm).
Sandstone with a bimodal grain-size distribution is probably of eolian
origin.
Glorieta Sandstone

Due to their mineralogical composition, most of the sandstones
plot into the field of quartzarenite, and some into the field of subarkose
using the classification scheme of Pettijohn et al. (1987). At the
SMNHC, sandstone from the uppermost sandstone interval of Glorieta
lithology contains a higher amount of detrital feldspar, particularly
microcline, and this sandstone plots into the field of sublitharenite.
In the Glorieta Sandstone at the SMNHC, different types of
sandstone can be distinguished with regard to their diagenesis:
1. Sandstone containing small amounts of matrix and cemented by
quartz that occurs as overgrowths. Calcite cement is very rare or absent.
2. Sandstone locally containing small amounts of matrix and
cemented by coarse, blocky calcite cement that replaces feldspar and
quartz grains. Quartz overgrowths on detrital quartz grains are absent.
3. Sandstone in which many quartz grains display thin authigenic
overgrowths; the remaining pore space is filled with calcite cement that
may randomly replace detrital feldspar and quartz grains.
The textural parameters (sorting, rounding) and mineralogical
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FIGURE 5. Thin section photographs of sandstones of the Yeso Group (Joyita Member of the Los Vallos Formation) (A-C) and Glorieta Sandstone
(D-H). All photos under polarized light. A, fine-grained, well-sorted sandstone composed of abundant monocrystalline quartz grains, many detrital
feldspars and a few micas (muscovite). Unit 3, width of photograph is 1.2 mm. B, fine- to medium-grained, well-sorted sandstone composed of
subrounded to rounded grains of mostly monocrystalline quartz, and many twinned and untwinned feldspar grains (mostly potassium feldspars,
rare plagioclase). Unit 4, width of photograph is 3.2 mm. C, sandstone displaying bimodal grain size distribution. In the finer grained “matrix”
composed of angular to subangular grains, mostly quartz, larger, subrounded to rounded grains of quartz and subordinate feldspar, are floating.
Unit 5, width of photograph is 3.2 mm. D, fine-grained sandstone composed of abundant monocrystalline, rare polycrystalline quartz and a few
detrital feldspar grains. The sandstone is well sorted; the detrital grains are mostly subrounded and cemented by blocky calcite. A few quartz
grains display authigenic overgrowths. Unit 14, width of photograph is 1.2 mm. E, fine-grained, well-sorted sandstone composed of subrounded to
rounded grains, mostly monocrystalline quartz, rare polycrystalline quartz and feldspar and small amounts of matrix. Unit 21, width of photograph
is 1.2 mm. F, fine-grained, well-sorted sandstone containing rounded grains of monocrystalline quartz, rare polycrystalline quartz and feldspar.
The detrital grains are cemented by calcite. Unit 22, width of photograph is 3.2 mm. G, detail of F. Unit 22, width of photograph is 1.2 mm.
H, fine-grained, well-sorted sandstone composed of subrounded to rounded grains of monocrystalline quartz cemented by quartz as authigenic
overgrowths on detrital quartz grains. Small amounts of matrix are present. Unit 26, width of photograph is 1.2 mm
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FIGURE 6. Thin section photographs of sandstones and conglomerates of the Glorieta Sandstone (A-D), Anton Chico Member (Moenkopi
Formation; E-F) and Shinarump Formation (G-H). Photos A-F under polarized light, G and H under plane light. A, fine-grained, well-sorted
sandstone composed of monocrystalline quartz, rare polycrystalline quartz and detrtial feldspars. The detrital grains are well cemented by quartz,
which occurs as authigenic overgrowths. Rarely, calcite cement is present. Unit 28, width of photograph is 3.2 mm. B, fine-grained, well-sorted
sandstone composed of rounded to subrounded grains of monocrystalline, rare polycrystalline quartz and a few feldspars. The grains are cemented
by calcite. Unit 33, width of photograph is 3.2 mm. C, detail of B. Some detrital quartz grains display authigenic overgrowths. Unit 33, width of
photograph is 1.2 mm. D, fine-grained, well-sorted sandstone composed of subrounded to rounded grains of monocrystalline quartz and many
feldspars (mostly potassium feldspars, including microcline). The detrital grains are cemented by blocky calcite. Unit 37, width of photograph
is 3.2 mm. E, fine-grained, moderately to well-sorted sandstone containing subrounded grains of monocrystalline quartz, chert grains, some
polycrystalline quartz grains, rare detrital feldspars and fine-grained schistose grains (phyllitic rock fragments). The grains are cemented by
coarse blocky calcite. Unit 42, width of photograph is 1.2 mm. F, fine-grained, moderately to well-sorted sandstone composed of subangular
to subrounded grains, mostly monocrystalline quartz and chert, subordinately polycrystalline quartz and feldspars. The grains are cemented by
calcite. Unit 48, width of photograph is 1.2 mm. G, fine-grained conglomerate composed of different types of carbonate grains that are embedded
in sandy matrix containing abundant subangular quartz grains. Unit 52, width of photograph is 6.3 mm. H, detail of G showing the fine-grained,
sandy matrix composed of detrital quartz grains. Unit 52, width of photograph is 3.2 mm
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composition of the sandstone samples we studied of the Glorieta
Sandstone are very similar to those of sandstones studied by Milner
(1978) from different localities in New Mexico, indicating that the
composition and texture of the Glorieta Sandstone is very uniform over
large areas.
The limestone beds (Fig. 2, units 29-30) intercalated in the
Glorieta Sandstone at the SMNHC are wackestone to packstone,
indistinctly laminated, containing some foraminifers, ostracodes and
rare other skeletons (recrystallized shells). Non-skeletal grains are
micritic intraclasts. Locally, the sediment is well washed (grainstone)
and well cemented. The fossil assemblage is of low diversity, indicating
a restricted shallow marine depositional environment. Wackestone/
packstone layers alternate with thin layers of mudstone and bioclastic
mudstone.
Unit 29 includes a foraminiferal wackestone to packstone
with abundant foraminifers, subordinate ostracods and some other
recrystallized, indeterminable skeletons (Fig. 7A-C). Locally, the
grains are densely packed and cemented (packstone), and some micritic
matrix is present. Low fossil diversity and the dominance and almost
oligotypy of miliolate foraminifers indicates restricted shallow marine
conditions. Only the following taxa were identified: Glomomidiella
sp. 1. (Fig. 8.1-3); G. sp. 2. (Fig. 8.11); Orthovertellopsis sp. (Fig.
8.5, 7-8, 10); Praeneodiscus? sp. (Fig. 8.9); and cf. Tubiphytes
epimonellaeformis Vachard, Krainer and Lucas, in press (Fig. 8.12). All
these taxa are present in the Yeso Group (Lucas et al., 2015; Vachard
et al., 2015). Although very poor, this assemblage may be considered
as characteristic of the New Mexico foraminiferal zone 13 of Lucas
et al. (2015). This assemblage is transitional, because Glomomidiella
and Orthovertellopsis appear in biozone 10, whereas true Tubiphytes
epimonellaeformis are only known from biozone 15 (Lucas et al.,
2015). Biozone 13 is late Leonardian (early or middle Kungurian) in
age.

Chinle Group (Shinarump Formation)

San Andres Formation

locally replaces the detrital quartz grains.
SEDIMENTARY HISTORY
Triassic Strata
Moenkopi Formation (Anton Chico Member)
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FIGURE 7. Thin section photographs of microfacies from limestones and dolomitic limestones of the Glorieta Sandstone (A-C) and San Andres
Formation (D-H). All photos under plane light. A, foraminiferal wackestone to packstone, recrystallized, containing foraminifers, ostracodes and
intraclasts. Unit 29, width of photograph is 3.2 mm. B, foraminiferal grainstone to packstone with abundant foraminifers Glomomidiella sp. 1 (see
detail in Fig. 8.1). Unit 29, width of photograph is 1.2 mm. C, packstone to grainstone containing foraminifers Glomomidiella sp. 1 and intraclasts.
Unit 29, width of photograph is 1.2 mm. D, bioclastic wackestone, recrystallized, containing foraminifers Orthovertellopsis? sp., ostracodes,
bivalve shells and many unidentified skeletons. A few detrital quartz grains are present. Unit 30, width of photograph is 3.2 mm. E, recrystallized
wackestone containing small intraclasts, ostracodes, other skeletons and a bryozoan (center; see also Fig. 8.6). Unit 31, width of photograph is 6.3
mm. F, bioclastic wackestone with recrystallized skeletons, including bivalve shells, ostracodes and gastropods. Unit 30D, width of photograph
is 6.3 mm. G, recrystallized mudstone. Unit 40, width of photograph is 3.2 mm. H, recrystallized bioclastic wackestone to floatstone containing
recrystallized bivalve shells, gastropods (left), ostracodes and other skeletons embedded in recrystallized matrix. Unit 40 top, width of photograph
is 6.3 mm
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FIGURE 8. Thin section photographs of fossils from thin limestone beds intercalated in the upper part of the Glorieta Sandstone at the SMNHC.
Scale bar for figures 1-3 and 6 is 0.5 mm, for all other figures is 0.1 mm. 1-3, Glomomidiella sp. 1. Three microfacies with various random sections
of this taxon. 1. Sample GSM 29e. 2. Sample GSM 29f. 3. Sample GSM 29g. 4-5, 7-8, 10, Orthovertellopsis sp. 4. (oblique transverse section).
Sample GSM 30b. 5. Axial section. Sample GSM 30d. 7. (oblique subaxial section). Sample SM 29-1. 8. (two subaxial sections). Sample SM
29-2. 10. (oblique subaxial section). Sample SM 29-4. 6, (Bryozoa. Oblique section at the periphery of a zoarium) (see a whole colony Fig. 7E).
Sample GSM 30e. 9, Praeneodiscus? sp. (axial section). Sample SM 29-9. 11, Glomomidiella sp. 2. (subaxial section). Sample SM 29x-1. 12, cf.
Tubiphytes epimonellaeformis Vachard, Krainer and Lucas, in press. (longitudinal section). Sample SM 29-20.

Dinterman, 2002; Lucas et al., 2013b).
The Glorieta Sandstone is dominantly crossbedded and horizontally
laminated sandstone, and subordinately ripple-laminated sandstone. We
interpret the crossbedded sandstone intervals as eolian dune deposits
that probably represent transverse or barchanoid dunes (cf. Ahlbrandt
and Fryberger, 1982; Fryberger, 1990; Brookfield and Silvestro, 2010).
The horizontally and ripple-laminated sandstones, which alternate with
the crossbedded sandstone, are interpreted as interdune deposits.
Eolian dunes are more common in the lower part of the section.
In the upper part of the section, above the intercalated San Andres
Formation interval, horizontally laminated, ripple laminated and
massive sandstone dominate, which probably represent eolian sand
sheet deposits. A few intercalated crossbedded sandstones probably
represent eolian dunes.
In the lower part of the Glorieta Sandstone, a few meters below
the intercalated San Andres horizon, two marine carbonate horizons are
intercalated. The lower limestone interval (Fig. 2, unit 29), composed
of wackestone, packstone and mudstone with a low-diversity fossil
assemblage, indicates deposition in a restricted, shallow marine
depositional environment. This limestone documents the first short
marine transgression within the Glorieta Sandstone depositional
system.
The upper limestone interval, also composed of wackestone but
with a slightly higher fossil diversity, indicates deposition in a shallow,
less restricted marine setting of another short marine transgression. In
their regional study of the Glorieta Sandstone, Mack and Bauer (2014)
also reported intercalated fenestral dolostone of a high intertidal to
supratidal environment and fossiliferous dolomite indicating a shallow
marine setting.
At the SMNHC, all microfacies types of the San Andres Formation
contain a fossil assemblage of low to moderate diversity, and this
indicates that the sediments accumulated in a shallow, restricted marine
depositional environment. Compared to the type section in the San
Andres Mountains, where the San Andres Formation is much thicker
and composed of limestone of a normal shallow marine environment of
mostly low to moderate water turbulence (Krainer et al., 2012; Brose
et al., 2013), the San Andres Formation at the SMNHC is much thinner
and displays a more restricted depositional environment.
The Triassic Moenkopi Formation and Chinle Group were
deposited in vast fluvial systems that extended from Texas-New Mexico
to Wyoming-Idaho (see Lucas, 2004 and references cited therein). The
Moenkopi Formation at the SMNHC is composed mainly of finegrained floodplain deposits with intercalated sheetsand and small
fluvial channel deposits. The exposed basal portion of the Shinarump
Formation represents gravelly and sandy fluvial channel deposits.
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