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TRIASSIC STRATIGRAPHY AND PALEONTOLOGY, CHAMA BASIN AND ADJACENT AREAS,
NORTH-CENTRAL NEW MEXICO
SPENCER G . LUCAS ' and ADR IAN P. HUNT ''
'New Mexico Museum of Natural History, 180 1 Mountai n Road NW. Albuquerque. New Mexico 87104-1375:
' Depanment of Geology. Un iversity of New Mexico. Albuquerque, New Me xico 87 131-1116

Abstract~Triass ic strala in the Chama Basin and along the flanks of the Nacimiento and Jemez Mou nt ains
of Rio Arriba and Sandoval Cou nties, New Me xico , pertain to the Middle Triassic Moenkopi Formati on (A nton
Chico Member) and the Upper Triassic Chinle Group (Agua Zarca, Sali tral , Poleo, Petrified Forest and Roc k
Point Fomiations) . The Mocnko pi Formation is present only along the flanks of the Nacim ie nto and Jemez
Mountai ns in Sandoval County. It is as much as 39 m thick and consists most ly of grayish red siltsto ne , mudstone
and immature , trough-crossbedded sandstone. The Agua Zarca Formation is as much as 61 m thick and consists
mostly of trough-crossbedded. q uartzose sandstone and siliceous conglomerate. Near Coyote in Rio Arriba
County, it overlies " mott led strata" developed in the top of the Pe nnsy lvanian-Permian Cutler Form ation. The
Salitral Formation is as much as 102 m of mostly purpl ish, smcct iti c mudstone. The Poleo Formation is up to
41 m thick and is mostly grayish ye llow, trough-crossbedded litharenites and subarkoses and minor amounts
of both intrabasinal and siliceous cong lomerate . Above the Poleo Formation , as much as 200 m of strata ,
dominated by reddi sh brown, smectitic mud stones, constitute the Petrifi ed Forest Formation . South of San
Migue l Canyon in Sandoval County, the Poleo Format ion is not present. and all of the mudstonc sec tion above
the Agua Zarca Formation is ass igned lo the Petrifi ed Forest Formati on . Locally, near San Ysidro , the Correo
Member is present at the top of the Pet rified Forest Formation. In the Chama physiographic bas in, the Rock
Point Fom1a1ion, as much as 70 m thick and mostly reddish brown and gray ish red siltstone and ripple- lam inar
sandstone , disconformably overlies the Petrified Forest Formation. Three formations of the Chinle Group in
north-central New Mexico contain biochronologically im portant fossils. notably the aetosaur Lonxosuch1u (late
Cam ian) in the Salitral Formati on , the aetosaur Tvpothorax and the phytosaur Pseudopalatu.1· (early -middle
Norian) in the Petrified Forest Formation, and a new ge nus of phytosaur (late Norian/Rhaet ian) in the Rock
Point Formation. These foss ils and lithostratigraphy allow prec ise correlation of the Chinle Group strata exposed
in north-ce ntral New Mexico with other Upper Triassic strata in New Mexico.

INTRODUCTION
Tri assic strata are exposed in the Chama physiographi c basin and
along the flank s of the Nacimiento and Jemez Mountains in Rio Arriba
and Sandoval Coun ties of north-central New Mexico (Fig. I). These
strata are of nonmarine origin and are assigned to the Middle Triassic
Moenkopi Formati on and the Upper Triassic Chinle Group (Lucas,
1992). In this article, we review the strati graphy and paleontology of
these Triassic strata in order to correlate them with Triassic rocks exposed else where in New Mexico.

PREVIOUS STUDIES
The Triass ic strata and their contained fossi ls in north-central New
Mexico have been studied by man y workers for almost 120 years . Here,
we focus on those studies mos t important to the lithos tratigraphy, paleontology and correlation of the Triassic in this reg ion.
Studies of the Triassic strati graphy and paleontology of the Chama
basi n began wi th the work of Cope ( 1875) , who traversed part of northcentral New Mex ico making geological observati ons and collecting
foss ils. Near Ga llina . on the northern side of Cerro Blanco (see below) ,
Co pe collected the firs t Upper Triassic vertebrate fossils discovered in
the American West (incl uding the type specimens of the reptile Typothorax coccinarum ) as well as the ty pe specime ns of the bivalve Unio
cristonensis . Cope (1875, 1877) simpl y referred to the rocks that contained the fossi ls as Triassic, making no lithostrat igraphic assignment.
Years later, a professional fossil collector hired by Cope, David Baldwin, col lected addi ti onal vertebrate foss ils from the Triassic of northcent ral New Mexico (Cope , I 887a. b, I 889).
In an effort to follow up the discoveries of Cope and Baldwin.
E. C . Case, S. W. Williston and F. von Huene explored the Permian
and Triassic in north -central New Mexico in I 9 IO (Case and Wi lliston,
19 12). Huc ne ( 1911) published a short article in which he desc ribed
the Permian-Cretaceo us sec tion at " Mesa Palco" (Mesa Montosa of
cu rrem maps). He coined the name "Paleo-top-sandstone" for the Tri-

assic sandstone that caps the mesa, and thus introduced the first lithostratigra phic name for Triassic rocks in north -central New Mexico.
Renick ( 1931) referred to the Triass ic strata in western Sandoval
County as " Chinle (?) Form ation ." He coined the name Senori ta sandstone len ti l for a medial sandstone-dominated interva l of these strata.
Wood and Northrop (1946) mapped the Triassic and adjacent strata
in much of north-central New Me xico and assigned the Triassic rocks
to the Chinle Formation . They introduced two new strati graphic units
for strata below Huene's ( 191 1) Palco, the " Agua Zarca sa ndstone
member" and "Salitral shale tong ue" of the Chinle Formation. They
referred to the stratigraphic unit named by Huene ( I 911) as the " Paleo
sandstone lentil" of the Chinle.
The nomenclature used by Wood and Northrop ( 1946) has been
formally acce pted by the U.S. Geological Survey (Keroher et al., 1966)
and followed by subsequent aut hors of the U.S. Geological Survey,
with recognition of two Chin le members above the Paleo: Petrified
Forest Member overlai n locally by the "siltstone member " (Stewart et
a l. , 1972; O'Sull ivan , 1974 ; Dubiel , 1989) (Fig. 2).
Scdimentological studies of the Triassic strata of north-central New
Mexico were undertaken by Kurtz ( 1978; see also Kurtz and Anderson,
1980) and Dubiel ( 1989). The discovery of the dinosaur quarry at Ghost
Ranch (Colbert, 1947) and the nearby Canjilon phytosaur quarry (Cam p,
1930; Hunt and Lucas, 1989; Long ct al. , I 989) demonstrated the great
palcontological potential of the strata first collected by Cope and Baldwin . Recent publications on the paleontology of the Triassic in northcentral New Mexico include Ash (1974). Colbert (1989) and Hunt and
Lucas (1 989 , 199 1).

STRATIGRAPHY
Strata of the Chinlc Group in the C hama bas in and adjace nt areas
arc assigned to fi ve formations (i n ascending order): Agua Zarca, Salitral, Paleo , Petri tied Forest and Rock Poi nt. The Midd le Triassic Anton
Ch ico Member of the Moenkopi Formati on underlies the Chinle Group
in part of Sandoval Count y.
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FIGURE I. Distribution of Triassic strata in the Chama bas in and adjacent parts
of north-central New Mexico (after Dane and Bachman , I965). Numbers refer
to measured stratigraphic sections in Figs. 3 and 4. I- Red Mesa, 2-Los Pinos
Arroyo (S) , 3-Los Pinos Arroyo (N). 4-Guadalupita Mesa, 5-Nacimiento
mine, 6-Cerro Blanco. 7-Mesa Montosa. type sections of Agua Zarca and
Salitral Formations, type section of Poleo Formation, 8-Coyotc amphi theater,
9-Canjilon quarry, 10-Rioarribasaurus quarry. 11 -Abiquiu Dam, 12- Minas de Pedro .

Moenkopi Formation
For more than 40 years, the boundary between Permian and Triassic
strata in part of north-central New Mex ico has bee n placed betwee n
th e Permian Bernal Formation and the Chi nle Group. Th is began with
Wood and Northrop's ( 1946) assig nment of the you ngest Permian strata
in the Nacimiento Mou ntai ns to the "upper elas tic member " of the San
Andres Formation. They described this unit as " dark redd ish brown
sandstone and siltsto ne ," overlain by the Agua Zarca Formation of the
Chinle Group . On their map lege nd. Wood and Northrop ( 1946) used
the acronym " P b," anti cipating Bachman 's ( 1953) introduction of the
name Bernal Formation for the unit previously referred to as " the upper
e lastic member " of the San Andres Formation. Use of the term Bernal
Formati on for what are supposedly the youngest Permian strata in the
Nacimiento Mo untai ns is well entrenched in the literature (e.g., Stewart
et al., 1972; Ruetschilling , 1973; Woodward and Martinez , 1974;
Woodward and Ruetschilling, 1976; Woodward and Schumacher, 1973;
Woodward , 1987).
The type sectio n of the Bernal Formation is at Bernal Butte (sec . 36,
T l4N , R l5E, San Miguel Cou nty), about 135 km east of the Nacimiento
M o un ta ins (cf. Baltz et al. , 1956, p. 42; Lucas and Hayde n , 1991) .
Here, th e Bernal Formation is 39 m thick , dominated by massive (i ntensely bioturbated) reddish brown and reddish orange , very fine-gra ined
sandy siltstone and dolomitic limestone. A I .5-m-thick gypsum bed is
present IO m above the contact of the Bernal on paleokarst developed
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FIGURE 2. Comparison of Triassic stratigraphic nome nclature of Stewart et al.
( 1972) and the nomenc lature advocated in thi s paper.

in limestone of the San Andres Formation. At its type sec ti on, th e
Berna l Formation is overlai n by the Midd le Triassic Anton C hi co Member of the Moenkopi Formation (A nton Chico Formation of Lucas and
Hunt. 1987), a sequence of Ouvial strata dominated by gray ish red and
grayish orange si ltstone and immature, trough- crossbedded sandstone
(lith ic wackes and litharenites) intercalated with some intraformational
conglomerate. To the west, south of Lamy in Santa Fe County, these
M idd le Triassic strata rest on the Bernal Formation (A llen and L ucas,
1988; Lucas, 1991 ). Howe ve r, fart her west in the Hagan basin and at
Placitas , north of Albuquerque, the Middle Triassic Moenko pi Formation res ts directly o n limesto ne of the San Andres Formation. No
strata lithologically similar to the Bernal Formation are prese nt between
the San Andres Formation and Chinle Gro up west of Lamy. In the
Nacimiento Mounta ins, strata that have been termed Bernal are grayish
red and grayish orange si ltstones, immat ure trough-crossbedded sandstones, mudstones and intraformati onal conglomerates remarkably similar to the Moenkopi strata at Bernal Butte .
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Althoug h we ha ve not yet found foss ils in the Moenkopi Format ion
in the Nac imiento Mountai ns, fossi ls from litho logically simi lar strata
that occu py the same strati graphic posi ti on to the east and west of the
Nacimiento Mountai ns are of Middle Tri assic age. These fossils are
capitosauroid amphibians, tetrapod footprin ts, ostracodes and charophytes that support correlation with the Holbrook Member of the Moenkopi Formati on of northeastern Arizona (Lucas and Morales, 1985;
Hayde n and Lucas, 1988; Kietzke, 1988 ; Lucas and Hunt, 1991).
We have measured four stratigraphic sections of the Moenkopi Formation in the Nac im iento Mountains (Figs. 3, SF) . In these sections,
the Moen kopi has a max imum thickness of 39 m on Guadalupita Mesa.
It disco nfo rmabl y overlies grayish orange to ve ry pale orange supermature, trough-crossbedded quartzarenite of the Permian Glorieta Sandstone . A profou nd erosional d isconformity marks the top of the Moenkopi
Formation where it is overlain by the Upper Triassic Ag ua Zarca Formation of the Chinle Group. The basal un it of the Agua Zarca above
the di sco nformity is a siliceous conglomerate that is typically poorly
stratified, clast supported and composed of quartile, chert , siltstone and
fossil -wood clasts in a pale orange to pale brown matrix of fine- to very
coarse-grai ned quartzose sandstone .
The Moenkopi Form ation in the Nac imiento Mountains is domi nantly
siltstone (52% of the measured sections) with subordinate amounts of
mudstone (25%) and sandstone (21%) plus mi nor conglo merate (2%).
The siltstones and mudstones are typically gray ish orange to grayish
red, sandy and calcareous. Most sandstones are grayish red to pale red,
fine - to medium-grained , angular to subrounded wackes. Most Moen-

kopi conglomerates consist of clay, si lt and limestone pebbles in a matrix
of sandy s iltstone. Sandstones and some siltstones typicall y d isplay low
a ngle trough-crossbeds (paleocurrent azimuths are to the north or northwes t) or lami nar bedding. Latera l accretion surfaces, scour-and-fi ll and
med ium to coarse grai n sizes . among other features, indicate a fl uvial
e nvironme nt of deposition for Moenkopi strata in the Nac imiento Mountai ns.

Chinle Group
Mottled strata
Stewart et a l. ( 1972) used the informal term "mottled strata" for
color- mott led strata at the base of the Chinle Group on the Colorado
Plateau. T hese strata arc pedogenicall y modified siltstones , mudstones
and sa ndstones underneath the Shinaru mp Formation and its equivale nts, includi ng the Agua Zarca Formatio n. The mottled strata represent
a paleoweathering profile deve loped on Permian or pre-Chinle Triassic
(Moenkopi) strata. As such, they rellect a pedogenic (erosional) event
and arc not easily thought of as a stratigraph ic un it, although we incl ude
the mott led strata in the Chinle Group .
In north-central New Mexico, mottled strata are developed in the top
of the Pennsy lvan ian- Permian Cutler Form ation, and are only present
at sections where the overlyi ng Agua Zarca Formation is relat ively thi n
(Fig. 4) . This reflects the fact that thick Agua Zarca sections represe nt
ve ry large rive r channels that apparentl y deeply incised and scoured
unde rl ying strata, thus removing the mott led strata (cf. Witk ind , 1956) .
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FIG URE 3. Measured stratigraphic sections of the Middle Tri assic Moenkopi Formation in the Nac imiento Mountains . Locations of sect ions are : Los Pinos Arroyo
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A typical section of the mot tled strata in north-central New Mexico
is at Mesa Montosa (Figs. 4, 6A- C). Here , the mottled strata are 7. I
m th ick an d consist mostly of sandy mudstonc, si ltstone and sandstone
that arc color mott led vario us shades of purple, orange, gray, ye llow,
green and brown. These strata grade downward into non-mottled C utler
Formation sandstones . It thus is clear that the mottled strata are modified
sediments geneti cally related to the Cutler Fonnation , but for stratigraphic pu rposes are most readi ly mapped with and therefore included
in the C hinle G roup (Stewart et al. , 1972).

Agua Zarca Formation
Wood and Northrop ( I946) coined the term " Agua Zarca sandstone
member" of the Chinle Formation for the basal Upper Triass ic strata
in no rth-central New Mexico. No type section of this unit was designated or desc ribed ("the northwest comer of T22N, R3E. wes t of the
village of Coyote" is the only location specifically referred to), but
Wood and No rthrop ( 1946) offered the following observations:

The Agua Zarca sandstone member crops out prominently in the southern
and central parts of the area. From the latitude of San Miguel Canyon
nort h it thins rapidly. In Mesa Poleo [Mesa Montosa of current mapsJ it
is thin but still recognizable. This member consists of conglo meratic sandstone with occasional beds of siltstone and silty shale.
Su bsequent workers (e .g., Stewart et al., 1972; O 'Sullivan, 1974; Dubiel, 1989) have continued to use the term Agua Zarca Sandstone
Member, and it has been accepted as a forma l stratigraphic name by
the U.S. Geological Survey (Keroher et al. , 1966). Here , we properly
defi ne this stratigraphic unit as the Agua Zarca Formation of the Chinle
Grou p.
The type section (lec tostratotype or pri nc ipal reference section) we
des ignate for the Agua Zarca Formation is j ust north of Ag ua Zarca
(Sarca) Creek alo ng Salitral C reek , less than 1.6 km northwest of the
northwest co mer ofT22N, R3E (F igs. I, 4, 5D-E, 6A-C) . This sectio n
represents well Wood and Northrop's ( 1946) origina l concept of the
Agua Zarca.
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.
FIG URE 5. Selected outcrops of Triass ic strata in north-central New Mexico. A, Faulted outcrops of the Agua Zarca (2) and Salitral (3) Formations at the Nacimie nto
Mountain copper mi ne , NW ¼ sec. I. T20N . RI W. B. The Pennsylvanian-Perm ian Cutler Formation (0) and Upper Triassic Agua Zarca ( I). Sa litra l (2) and Po leo
(3) Formations below Abiqui u Dam, N' /2 sec . 8, T23N , R4 E. C, The Pennsylvanian-Perm ian Cutler Formation (0) and Upper Triassic Agua Zarca (2), Sa litral (3)
and Poleo (4) Formations at Minas de Pedro, SW '/4 sec. 18 (unsurveyed) , T24N, R6E. D, The Pennsylvanian- Permian Cutler Formation (0) and Upper Triassic
Agua Zarca (2), Salitral (3) and Poleo (4) Formations at Mesa Montosa, sec. 31. T23N . R3E. E. The Pennsylvanian- Permian Cu tler Formati on (0) and Upper
Tri ass ic Agua Zarca (2 ), Salitral (3 ) and Poleo (4) Formations along Salitral Creek, SE 1/4 sec. 36, T23N, R2E . F. The Permian Glorieta Sandstone (0) , Middle
Triass ic Moenkopi Formation ( I) and Upper Triassic Agua Zarca Formation (2) at the Los Pinos Arroyo (N) section. sec. 5, Tl 6N . R IE.
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At its type section. the Agua Zarca Formation is 5 .9 m thick and
consists mostly of conglomerate and conglomeratic sandstone (7 1% of
the measured section) with lesser amounts of nonconglomeratic sandstone ( I 8%) and siltstone (11 %). Trough crossbedding is the dominant
bedform. and sandstone petrology is very mature (quartzose) . Colors
are mostly greenish gray and grayish yellow. A prominent cliff (ledge)
is formed by the Agua Zarca Formatio n at its type loca lity above mottled
strata developed in the top of the underlying Permian Cutler Formation
and below overlying grayish-purple muds tone of the Salitral Formation.

LUCAS and HUNT
At its type section , and throughout T22N , R3E , the Agua Zarca
Formation is relatively thin . Much thicker sections (up to 61 m thick)
are present to the sou th. especially in the La Ventana-San Ysidro area
of Sandoval County (Woodward, 1987). Throughout its o utcro p area,
the Agua Zarca Formation forms a nearly continuous. light-colored
ledge of characteristically quartzose sandstone and silica-pebble conglomerate .
In the San Ysidro area, Stewart et al. ( 1972) referred to the basal
sa ndstone/co nglomerate interv al of the Chinle Group as the "sandstone

FIG URE 6. Selected outcrops of Triassic strata in nonh-central New Mexico. A- 8, Type section of Agua Zarca Formation, which forms a prominent ledge above
slope of " mottled strata" developed in top of Cutler Formation. SE' /• sec. 36 , T23N, R2E. C. Mottled strata (0) and Upper Triassic Agua Zarca (2), Salitral (3)
and Poleo (4) Formations at type section of Salitral Formation, SE' /• sec. 36, T23N. R2E. D, Type section of Poleo Formation , NW '/• sec. 36, T23N, R2E. EF, Puleo Formation intrabasinal (E) and extrabasinal (F) conglomerates near the type section of the formation .
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member" o f the Chinle Formation. not the Agua Zarca Member. T hey
did so because of supposed lithologic differences and the different
crossbed dip directions of the Agua Zarca and "sandstone member."
Kurtz ( 1978) , in an unpublished master's thesis, subsequent ly proposed
the name "Red Mesa Sandstone" for the "sandstone member" of Stewart et al. ( 1972). However, the name Red Mesa has already been published by Hoover ( 1950) for Middle Jurassic strata ( = Summerville
Formation) at Red Mesa near Kayenta , Arizona.
Woodward ( 1987), nevertheless, followed Wood and Northrop ( 1946),
in not using the term "sandstone member" and instead applied the name
Agua Zarca to the basal Chinle Group sandstone/conglomerate interval
in the San Ysidro area. We amplify Woodward's argume nts to support
this usage as follows:
I. Stewart et al. (1972, p. 23) stated that along Agua Zarca Creek
the Agua Zarca "is composed predominantly of red, purple, gray.
yellow. and white coarse to very coarse grained sandstone contai ning
conglomerate lenses with pebbles and cobbles as much as 3 inches in
diameter." They went on to state that the "sandstone member, on the
other hand, is predominantly very pale orange and yellowish-gray fineto medium-grained sandstone containing conglomerate lenses with pebbles rarely exceeding I inch in diameter."
Our observations do not bear out this supposed lithologic distinction
(Appendix) , nor do those of Kurtz ( 1978). Instead , they indicate overall
lithologic similar ity of the Agua Zarca Formation at its type local ity
and the "sandstone member" near San Ysidro. in sandstone mineralogy
(quartzose), grain size, siliceous conglomerate-clast composition and
clast size and bedforms. Thus, there is no lithologic difference between
the Agua Zarca and the "sandstone member. "
2. As Ruetschilling (1973), Kurtz (1978) and Kurtz and Anderson
( 1980) demonstrated, crossbedding wit hin the "sandstone member" is
bimodal, not northerly, as indicated by Stewart et al. (1972). There is
thus considerable overlap in the crossbed-dip directions of the "type"
Agua Zarca and the "sandstone member."
3. The "sandstone member" is overlain by mudstonc-dominated
strata near San Ysidro that produce late Carnian vertebrate fossils (Hunt
and Lucas , 1990a). Thus, the "sandstone member '' is older than the
Polco Formation and cannot be, even in part , its lateral equivalent, as
suggested by Kurtz (1978).
4. Finally, as Woodward (1987) pointed out , the onl y section of the
"sandstone member" Stewart et al. ( 1972, fig . 8, p. 209-210) described, is fault repeated, thus structurally thickening the unit.

outcrop belt it is characterized by purple a nd blue. powdery mudstone
slo pes that frequently are littered with light-colored calcretc nodules.
South of San Miguel Canyon (T 19N , RI W) in Sandoval County, the
Poleo Formation is absent, and the Petrified Forest Formation rests
directly on the Salitral Formation (S tewart et al.. 1972; Kurtz, 1978;
Woodward , 1987). As far south as San Ysidro, and indeed as far cast
as the Hagan basin northeast of Albuquerque (T 12N , RSE). the lower
part of the thick, mudstone-dominated section above the Agua Zarca
Formation has a high percentage of purple and blue variegated beds,
like those of the Salitral Formation to the north. Fossil vertebrates from
these lower beds also are age equ ivalent to the Salitral Formation to
the north (Hunt and Lucas, 1990a; Lucas, 199 1). However, since a
mappable contact between lower. Salitral-equivalent mudstones and
overlying Petrified Forest Formation mudstones cannot be identified
south of San Miguel Canyon (cf. Woodward. 1987), we follow earlier
workers by referring to the e ntire mudstone-dominated Chinlc Group
sec tion above the Agua Zarca Formation south of San Miguel Canyon
as Petrified Forest Formation.

Polco Formation
Huene ( 1911) introduced the name "Poleo-top-sandstonc" to refer
to a 12- to 15-m-thick sandstone that caps .. Mesa Poleo" (Mesa Montosa
of current maps). Huenc ( 1911, p. 732) described this unit as "Wcicher,
dickbankiger, graugelber sandstein. den Kamm dcr Mesa Poleo bildend" (''smooth, thickbedded. grayish yellow sandstone, that fo rm s the
crest of Mesa Polco") . In Huene's (19 1 I , pl. 32) section at " Mesa
Poleo" (Fig. 7), he ide ntified a thick sa ndstone (his unit 9) and underlying conglomerate (his un it 9a) as the "Poleo-top-sandstone. •· This
corresponds to subsequent use of the term "Poleo sandstone lentil" by
Wood and Northrop ( 1946), alt hough Renick ( 1931) earlier used the
term " Senorito sandstone lentil of the Chinle(?) " for this un it. Reniek's
( 193 1) term has been abandoned, and Poleo sandstone lentil has been
used by all workers subsequent to Wood and Northrop (e.g .. Stewart
et al., 1972; O'Sullivan, 1974; Kurtz, 1978; Woodward, 1987; Dubiel,
1989). We refer to this unit as the Polco Formation of the Chinle Group
and de sc ribe a type section (lcctostratotype or principal referen ce section) just west of Mesa Montosa.

Salitral Formation
Wood and Northrop ( 1946) introduced the name "Salitral shale tongue"
of the Chinle Formation for "variegated shale with limestone concretions" that is "above the Agua Zarca sandstone member and below the
Poleo sandstone lentil." No type section of the Salitral was designated
or described, although it is presumably near the northwest comer of
T22N. R3E along Salitral Creek. The name Salitral Shale tongue has
been used by subsequent workers (Kerohcr et al., 1956; Stewart ct al.,
1972; Dubiel , 1989) , even though this unit is not shale (it is mudstone,
siltstone and sandstone), not a tongue (it is the mudstone-dominatcd
stratigraphic interval between the Poleo and Agua Zarca Formations)
and it has never been defined properly.
Herc , we properly define the Salitral Formmion of the Chinle Group
from its type section (lectostratotype or principal reference section) on
Salitral Creek (Figs. I, 4, SE, 6C) . At its type section. the Salitral
Formation is 22.3 m thick and consists mostly of mudstone (74% of
the measured section) with much less sandstone (22%) and siltstone
(4%). The mudstones arc highly smcctitic and arc typically grayish
purple and grayish red. The sandstone is greenish gray, quartzose and
trough crossbeddcd, very much like underlyi ng sandstone of the Agua
Zarca Formation. Salitral siltstones are color mottled and represe nt
paleosols. At its type section , the Salitral Formation conformably overlies the Agua Zarca Formation and is disconformably overlain by the
Polco Formation. Vertebrate fossils from the type section indicate that
the Salitral Formation is of late Camian age (see below).
The Salitral Formation is as much as I 02 m thick near San Pablo,
sou th of Cuba in Sandoval County (Woodward, 1987 ). Throughout its

FIGURE 7. Huene 's (191 I , pl. 22) profile of "Mesa Poleo" (Mesa Montosa)
near Coyote. His un its are: I = Dakota Sandstone (Upper Cretaceous) ; 24 = Morrison Fonnation (Upper Jurassic- Lower Cretaceous); 5 = Summerville
Fonnation (Middle Jurassic); 6 =Todilto Fonnation (Middle Jurassic ): 7 = Entrnda
Sandstone (Middle Jurassic); 8 = Petrified Forest Fonnation, Ch inle Group; 9.
9a = Polco Forniation, Chinle Group; I0- 17 = Salitral Formation , Chin le Group:
18 = Agua Zarca Formation, Chin le Group; 19-34 = Cut ler Formation ( Upper
Pennsy lvanian- Lower Pe nnian).
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At its type sectio n (Figs. I, 4, 5D--E. 6D--F) , the Poleo Formation
is 10.3 m th ick and is almost totally sandstone (94% of measured
section). Pe bble and conglomeratic beds are mostly intrabasinal ; c lasts
are mudstone/siltstone rip- ups and carbonized/oxid ized plant debris .
Trough crossbedd ing is the dominant bedform. and dusky yellow and
grayis h yellow are the dominant colo rs. Sandsto ne petrology is much
less mature than Agua Zarca Formation sandstones, with Poleo sandstones bei ng mostly m icaceous litharenites and subarkoses. At its type
secti o n, the Poleo Formation disconformably overlies the Salitral Formation and is conformably overlain by the Petrified Forest Formation .
The Poleo Formation is exposed throughout the Chama phys iographic
basin and along the flank of the Nacimiento Moun tains as far south as
San M iguel Canyon (Tl9N, RIW. Sandoval County). It s maximum
th ickness is 4 1 m , and the Po leo typical ly defends cuestas and mesa
tops throughout its o utcro p belt (Figs. 5B- E , 6D). It underlies the
extensive dip slope along the nort hern flank of the Nacimiento Mountains around Gallina in Rio Arriba County (Woodward, 1987; Crouse
et al. . 1992) . Poleo sandstones are always micaceous. many are litharen ites and they are typically grayish yellow in color. Conglomerates
freq uently are intrabasinal, composed of siltstone and nodular calcretc
clasts, but some conglomerates of the Poleo Formation are dominated
by chert and lesser numbers of qu artzite clasts (Fig. 6F).
Reference to the Poleo Formation as a "sandstone lentil" (Wood and
Northrop , 1946) is diffi cult to understand. The Poleo includes conglomerate and siltstone, and we estimate its outcrop area at about 7100
km '. It is co rrelat ive to medial Chinle Group sandstone/conglomerate
complexes termed Sonsela Member of the Petri fied Forest Formation
in west-central New Mexico and Moss Back Formation in southeas tern
Utah (Lucas. 1992). Subsurface analys is may demonstrate the physical
conti nu ity of two, o r all three of these units.

Petrified Forest Formation
T he thickest unit of the Chinlc Group in north-central New Mexico
has previously been termed the upper shale member (Wood and Northrop. 1946) o r Petrified Forest Member of the Chinlc Formation (e.g .,
Stewart ct al. , 1972; Dubiel, 1989) and here is termed the Petrifi ed
Forest Formation of the Chinlc Group (Fig. 4) . In nort h-central New
Mexico. the Petrified Fores t Formation is as much as 200 m thick where
it co nfo rmably overlies the Poleo Formatio n. South of the pinchout of
the Polco Formatio n, the Petrified Forest Formatio n, which here includes strata equivalent to the Salitral Formation . is as much as 326 m
thick (Ruetsc hilling, 1973; Woodward. 1987). In the area north of San
Ysidro in Sandoval County, a relatively thin (± 5 m) sandstone and
conglomerate interval at the top of the Petrified Forest Formation is the
Correo Member (Lucas et al.. 1987, 1988; Lucas, 199 1). The Petrified
Forest Formation in north-central New Mexico is disconformably overlain by either the Rock Point Formati on or the Middl e Jurassic Entrada
Sandsto ne . The dominant lithology of the Petrifi ed Forest Formation is
reddish brow n smectiti c mud stone and it forms ex tensive slopes and
dissected badland areas where exposed (Figs. 8A--C, 10) .

Rock Point Formation

and argue that it disconformably overlies the Petrified Forest Format ion.
The followi ng poin ts are impo rtant:
I . Strata we identify as Rock Poi nt lithologically resemble the Rock
Point Formation in the Four Comers area in being alternating beds of
fine. lam inar/ripple sandstone and no n-s mcctitic sil tstone (Fig. 4; Appendix); this is particu larly ev ide nt o n fresh exposures (Fig. 8F). There
is no close resembl ance to Owl Rock Formation strata, and this is why
Dubiel (1989) found it necessary to argue that the "si ltstone member"
re present s a facies (marginal lacustrine) different from the typical Owl
Rock facies (lac ustrine). It is more pars imo nious to argue that the
"siltstone member." which lithologicall y resembles the Rock Point
Formation, is the Rock Point Formation in north-central New Mexico .
2. The vertebrate fauna of the Rock Point Formation at Ghost Ranch
is yo unger than the vertebrate fauna of the Pe trified Forest and Owl
Rock Formations (Lucas. 1992). Indeed, the Owl Rock ve rte brate fauna
(Ki rby. 1989. 1991 ) is indi stingu ishable biochronologically from that
of the underlying Petrified Forest Formation . In co ntrast , the Ghost
Ra nch fauna, princi pall y from the Rioarribasaurus quarry. is dominated
by dinosaurs and contains the de rived phytosaur characteristic of the
you nges t strata of the Chinlc Group (Hunt, 1990) , the Rock Point
sequence of Lucas ( 1991 . 1992). The "si Its tone member" thus postdates
the Owl Rock Formation and is the same age as the Rock Poi nt Formation fa rther west.
3 . We know of no evidence that the "si ltstone member" interfi ngers
with or grades into the underly ing Petrified Forest Format ion. Instead,
at those sections where the Entrada Sandsto ne rests directly on the
Pet rified Forest Formation (Fig . 4) , the " si ltstone me mber" has been
re moved by post-Triassic , pre-Entrada eros ion (J-0/J-2 unconfo rmities
of Pipiringos and O'Sullivan. 1978) . As far as we know, the "siltstone
member" is preserved beneath this unconformity only from Ec ho Amphitheater to Canones Creek (T22 N- T25 N , R4E, Rio Arriba County).
Dubie l (1989, figs. 3. 10) was incorrect in identifying it at Coyote
am phitheater and San Miguel Canyon. In both locations the Entrada
Sandsto ne rests directly on the Petrified Forest Formation (Fig. 4; Woodward. 1987).
4. The fact that fossils indicate that the "siltstone member" is correlative
with the Roc k Point Formation means that no Owl Rock Fo rmati on
st rat a are present in no rth-cent ral New Mexico. Th is is stro ng evidence
that the Rock Po int Formation di sconformably overl ies the Petrified
Forest Formation here, as is the marked lithologic break between th e
two units.
The Rock Point Formation in north-central New Mexico is as m uch
as 70 m thick. It cons ists mostly of reddish brown and gray ish red
massive siltstone and tabul ar beds of laminar fine sandstone (Figs. 4 ,
8C-F). It forms either a slope (deeply weathered) or !edgy cliff (relatively unw eath ered) above the Pe trified Forest Formation and below
the cliff-forming Entrada Sandstone. Despite former claims that the
Rioarribasaurus quarry at Ghost Ranc h is in the Petrified Forest Formation (e .g., Colbert . 1989) . it clearly is in the "siltstone member "
of Stewart et al. ( 1972), i.e . . the Rock Point Formatio n (Hunt and
Lucas, 1989, 199 1; Figs . 4. 8D--E).

Stewart et al. ( 1972) used the term "s iltstone member of the Chin le
Formation " to refer to the uppermost strata of the Upper Triassic in
the Ghost Ranch area. They noted:
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It conformably overlies the Petrified Forest Member of the Chinle Formation and is unconformably overlain by the Entrada Sandstone . It grades
into the upper part of the Petrified Forest Member in outcrops to the
southwest, but at Ghost Ranch it seems suffi ciently well defined to be
considered a separate member.

T he Chinle Group of north-ce ntral New Mexico has yielded many
fossi ls of plants, invertebrates and vertebrates, and the vertebrate specimens in particular are of biochronological importance. The Canjilon
quarry (Petri fied Forest Formation) near G host Ranch, which was discovered by Charles Camp of the Un iversity of California in 1928 (Lo ng
ct al., 1989; Hunt and Lu cas, 1989), has yielded the largest si ngle
sample of phytosaur skulls and postcrania. Sim ilarly. the Rioarriba sauru.1· quarry (Rock Point Formation) at Ghost Ranch , discovered in
1947 by George Whitaker of the American Museum of Natural History
( Hunt and Lucas, 1989), has yie lded by far the largest single sample
of Late Triassic thcropod dinosaurs. In addition, there is a very long
history of study of Triassic foss ils fro m north-central New Me xico,
dati ng back to the work of E . D. Cope and J. S. Newberry. In 1859,
Newberry ( 1876) collected fossi l plants from copper mines in the Agua

Stewart et al. ( I 972, p. 40) inclu ded the "si ltstone member" in thei r
discuss io n of th e " Church Roc k Member and Related Units" but were
uncertain of its exact co rrelat io n . Dubiel (1989, p. B1 5) subsequently
argued that the siltstone member is a correlati ve of the Owl Rock
Member. since " the siltstone member wou ld represent strata deposited
o n the margins of a large lacust rine basin as represented by the Owl
Rock Member. ... " We, however. take issue with this correlation and
some of the conclus ions of Stewart et al. (1972). Thus, we identi fy the
"siltsto ne member" as the Rock Point Formation of the Chinlc Group
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HGURE 8 . Selected outcrops of Tria,s ic strata in north-central New Mexico. A, Petrified Forest Formation (5) overlain by Middle Jurassic Entrada Sandstone (7)
at Coyote amphitheater section, NW 'i• sec. 21, T23N, R3E. B. Petrified Fore, 1 Formation (5) and overlyi ng Entrada Sandstone (7) at Cerro Blanco, NE '/4 sec. 4 ,
T23N, R I E. C, Petrified Forest (5), Rock Point (6) and Entrada (7) Fom1at ions near the Canjilon phytosaur quarry, SW 1/ 4 sec. 2, T24N, R4E. D-E, Rioarribasaurus
quarry in the Rock Point Formation, SW '!" SE 1/4 sec. I , T24N, R4E. F, Fresh exposure of Rock Point Formation, SW 1/4 sec. 18, T24N, R5E.
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Zarca Formation. Subsequently, Cope ( 1875) identified the first Late
Triassic vertebrate fossils in the American West and named Typothora.x,
one of the most common tetrapod fossils in the Chinle Group, from
specimens he found in Rio Arriba County. Here, AMNH = American
Museum of Natural History, New York; CM= Carnegie Museum of
Natural History, Pi ttsburgh; NMMNH = New Mexico Museum of Natural History, Albuquerque; UCMP= University of California Museum
of Paleontology, Berkeley; USNM = National Museum of Natural History, Smithsonian Institution, Washington, D.C.

Cope's fossil localities
Although vertebrate paleontologists have long been aware of Cope's
1874 collection of Triassic vertebrates from north-central New Mexico,
nobody has successfully relocated his original localities and documented
their stratigraphic position. This is surprising because Simpson ( 1950)
relocated with some accuracy Cope's collecting areas for early Eocene
vertebrates near Regina, New Mexico , that were discovered soon after
his Triassic collections were made.
The two principal sources of information on where Cope collected
Triassic vertebrates in 1874 are his fieldbook in the archives of the
American Museum of Natural History (New York) and his 1875 article
describing the geology (p. 79-82) of the area near Gallina in Rio Arriba
County. Critical is his published drawing (Cope, 1875, fig. 8) of his
Triassic collecting area, reproduced here (Fig. 9).
Cope's fieldbook, this drawing and Cope's (1875) article led us to
Canada de la Tableta, north of Cerro Blanco in Rio Arriba County.
Cope's (1875, fig. 8) drawing and our corresponding photograph (Fig.
9) were made/taken looking north from a point in the NW¼ NE¼ sec.
33, T24N, RIE toward the escarpment in the NI/z sec. 5 and NW¼
sec. 6, T23N, R IE (both on the French Mesa, New Mexico 7.5-minute
quadrangle map). Thus, the N 1/2 of sec. 5 and NW '/• of sec. 6 is the
location of Cope 's 1874 fossils, including the type specimens of the
reptile Typothora.x coccinarum Cope, 1875 and the unionid bivalve Unio
cristonensis Meek (in Cope, 1875) (Fig. 10).
Cope (I 877, p. 9-10) provided the following evidence of the stratigraphic position of his collection:
Besides the overlying sandstone bed ["ts" in Fig. 9, actually the Poleo

Formation, mistakenly thoughr by Cope to overlie rhe red beds] the red
marls are traversed below it by a conglomerate, which in some localiries
is of a bluish rint. At some poinrs, ii weathers to a gravel, and near this
horizon the vertebrate remains occur [our italics!. Al other poinrs, it forms
a very hard Potomac marble, conrai ning pebbles of various colors (Cope,
1877, p. 9).
The "Potomac marble," from which the columns in the hallways of
the U.S. Capitol arc made, is limestone-cobble conglomerate of the
Upper Triassic Leesburg Member of the Bull Run Formation quarried
along the shores of the Potomac River (Gore et al., 1989). Along the
northern flank of Cerro Blanco, within Cope's collecting area, is a
conglomerate bed 2.3 m thick, of "bluish tint" on outcrop, that is
within the Petrified Forest Formation (Figs . 4, 11 ); this bed probably
is the "Potomac marble" referred to by Cope. At NMMNH locality
918 it contains coprolites and fragments of Typothora.x that we consider
topotypes of that taxon and which are described below.

Fossil plants
Significant megafossil plant specimens are restricted to the Agua
Zarca Formation. The best localities are in El Cobre Canyon and were
discovered by J. S. Newberry in 1859 (Ash, 1974). Later, J. W. Powell
and the paleobotanist W. M. Fontaine also collected from these localities , which occur in two groups of now-abandoned copper mines,
Minas de Pedro and Las Minas Jimmie. Several workers have described
and redescribed these specimens. Ash ( I 974) reviewed the flora of the
Agua Zarca Formation and lis ted the conifers Brachyphyl/um sp., Pagiophyllum newberryi and Araucarioxylon arizonicum and the cycadophytes Otozamites macombi, 0. powelli and Zamites occidentalis.
We note that Ash ( 1974, fig. 2) is incorrect in showing the Poleo
Formation lying directly on the Agua Zarca Formation in El Cobre
Canyon (Fig. 4). Hunt and Lucas (1990 , fig. 2A) illustrated a poorly
preserved specimen of Zamites from the Petrified Forest Formation near
San Ysidro . Litwin (1986) and Litwin et al. (1991) described palynomorphs from the Petrified Forest and Rock Point Formations. These
palynomorphs indicate a Norian age for the Petrified Forest and Rock
Point Formations, an age assignment consistent with vertebrate biochronology (see below) .

FIGURE 9. Photograph (above) of Triassic and Jurassic strala exposed on northern end of Cerro Blanco and Cope's (1875, fi g. 8) drawing (below) of the same
location. A, B, C and Dare corresponding points on the photograph and the drawing.

TRIASSIC STRATIGRAPHY

161
Order Crossopterygii
Family Coelacanthidae
cf. Chin/ea

Unionid bivalves
In I 874, Cope found fragmentary valves of unionid bivalves (Fig.
I 2) in the Petrified Forest Formation, which he gave to F. B. Meek
who recognized three taxa. Meek (in Cope, 1875, p. 83) named one
of these forms Unio cristonensis but did not designate a holotypc .
Subsequent workers have fa iled to des ignate a lectotypc (though White,
I 883, pl. 3, fig . 5 did illustrate a "well preserved" specimen). We
designate as lectotype one of the more complete valves (Fig . l 2C-D)
that is one of the syntypes of U. critonensis, all of which are catalogued
as USNM 30731. We are not able to identify with certainty the specimen
White (1883) illustrated. The other two names for Cope's unionids
introduced by Meek (in Cope, 1875, p. 84) are Unio gallinensis and
Unio terraerubrae . Type specimens of these species have never been
unambiguously identified, so we consider these taxa nomina dubia.
Other unionids have been found subsequently in north-central New
Mexico, but these specimens are restricted to the Petrified Forest Formation. None of them are identifiable below the generic level (e .g.,
NMMNH P-11064).

Systematic vertebrate paleontology
Class Osteichthyes
Order Redfieldiiformes
Family Redfieldiidae
aff. Synorichthys

Referred specimens--AMNH 5719 , partial ske leton (Rock Point
Formation, Rioarribasaurus quarry ).
Discussion-Schaeffer (1967, fig . 15) noted resemblances between
this partial skeleton and Synorichthys in the opercular and cheek clements and the ornamentation of the dermal elemen ts.

Referred specimens--AMNH 5657, fragmentary skull and cleithrum (Rock Point Formation, Rioarribasaurus quarry) .
Discussion-Schaeffer ( 1967) assigned this specimen to Chinlea sorensei. However, like many other Chink Group coelacanth specimens,
AMNH 5657 was referred to this taxon simply because it is the only
species known from the Late Triassic of the western United States .
Thus, we ass ign th is specimen more tentatively to cf. Chin/ea.
Order Dipnoi
Family Ceratodontidae
Arganodus dorotheae (Case)

Referred specimen-NMMNH P- 14382 (Hunt and Lucas, 1990a,
fig. 2B), uppertoothplate (Petrified Forest Formation, NMMNH locality
371).
Discussion- This specimen represents a pterygoid or pterygopalatine
toothplatc because the mesia l side of the first cusp is not visible in
occlusal view and because the lingual and labial profiles decline posteriorly (Hunt and Lucas, 1990a).
Class Amphibia
Order Temnospondyli
Fami ly Metoposauridae, genus indeterminate
Fig. 13A

Referred specimens--NMMNH P- I 100 I. skull fragments (Salitral
Formation , NMMNH local~ty 913); NMMNH P-14383. interclavicle
fragment; NMMNH P- 14384, dorsal centrum (Petrified Forest Formation, NMMNH locality 371 ).
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FIGURE 10. Reproductions ofCope's (1877) plates of fossil vertebrates from the Chama basin. A, Cope (1877, pl. 22) . B, Cope (1877 . pl. 23 ).
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Pseudopalatus buceros (Cope)
Referred specimens----UCMP 34246, skull and lower jaws; UCMP
27228, skull; UC MP 34250, skull (Petrified Forest Formation, UCMP
V2816, Canjilon quarry).
Discussion- Ballew ( 1989) referred several specimens from the Canj ilon quarry to Pseudopalatus buceros. The locality of the holotype of
P. buceros is not known with certai nty, although it did come from New
Mexico, possib ly from near Cerro Blanco. The skulls from the Canjilon
quarry differ from the holotype of this taxon in having more elevated
external nares and a less well developed rostral crest.
New genus and species
Referred specimen-CM, unnumbered , skull (Rock Point Formation, Rioarribasaurus quarry).
Discussion-This skull represents a new genus and spec ies and is
characterized by supratemporal fenestrae that are obsc ured in dorsal
view and by a distinct rostral crest. This genus is also known from the
Redonda and Travesser Formations of east-central and northeastern New
Mexico , respectively (Hunt, 1990). It will be described elsewhere.
Phytosauridae, indet.
Figs. 14A-E
Referred specimens-Petrified Forest Formation: NMMNH P- 11030,
dorsal centrum (NMMNH locality 901); NMMNH P-1 1025, radius;
NMMNH P- 11 042, partial pubis; NMMNH P- 110 1 I, scute fragments
(NM MNH locality 903); NMMNH P- 11024, scute fragments (NMMNH
locality 912); NMMNH P-1 1023 , jaw fragments (NMMNH locality
9 14); NMMN H P-11015, scute fragments, NMMNH P-1 8200, indeterminate fragme nts (NMMNH locality 918); NMMNH P- 11010, scute
fragments, NMMNH P- 11058, partial cervical vertebra, NMMNH P11059, fragment of dorsal ce ntrum (NM MNH locality 919); USNM
2585 (in part), jaw fragment, partial ccntrum, USNM 2592 , tooth.
Salitral Formation: NMMNH P-1 10 14, scute fragment, NMMNH P11021, teeth (NMMNH locality 9 13).
Discussion- Indeterminate specimens constitute the majority of phytosau r specimens from all formations except the Rock Point. Cope
(1 875, 1877) incorrectly identified a posterior phytosaur tooth (USNM
2592) as pertaining to a di nosaur.

FIGURE 11. Slope developed in Upper Triassic Petrified Forest Formation,
overlain by cliffs of Middle Jurassic Entrada Sandstone and Todilto Formation
on northern end of Cerro Blanco. The people are at the stratigraphic level of
Cope's type locality of Tvpothorax .
Discussion- These fragments represent a large metoposaurid amphibian with a skull length in excess of 25 cm. These specimens arc
not generically diagnostic. However, the only North American genera
with such large skull size are Metoposaurus and Buettneria (Hunt,
1992).

Class Reptilia
Subclass Diapsida
Division Archosauria
Subdivision Crurotarsi
Family Phytosauridae
Pseudopalatus pristinus Mehl
Fig . 13G
Referred specimens----NMMNH P-1 I 076, skull lacking tip of rostrum and skull roof anterior to orbits (Petrified Forest Formation, NMMNH
locality 911 ); UCMP 34249, skull; UCM P 27231, skull lacking anterior
rostrum; UCMP 3425 1, skull lacking rostrum (Pet rified Forest Formation; UCMP V28 I 6, Canjilon quarry).
Discussion---Pseudopalatus pristinus is common in the Canjilon quarry,
which is in the upper part of the Petrified Forest Formation. NMMNH
locality 9 11, which also contains this taxon, is low in the Petrified
Forest Formation . Lawler ( 1976) referred all the Canjilon quarry phytosaurs to Rutiodon tenuis . Subsequently, Ballew (1989) recog nized
two taxa in the quarry, Pseudopalatus pristinus and P. buceros .

Family Stagonolepididae
Longosuchus sp.
Fig . 13C
Referred specimens----NMMNH P-11005, partial paramedian scute
(Hunt and Lucas, 1990a, fig. 31-J), from Salitral Formation, NMMNH
locality 9 13.
Discussion-This scute has the typical sigmoidal shape in lateral
view that is characteristic of this species. This identification is confirmed
by the prominent boss and the radial ornamentation apparent on the
dorsal surface (H unt and Lucas, 1990b).

Typothorax coccinarum Cope
Fig. 14F- Q
Referred specimens-Petrified Forest Fo rmation: MCZ 1487, 1488,
partial skeletons (Canjilon quarry); NMMNH P-11026, paramedian scute
fragments; P- 11002, paramedian scute fragments (NMMNH locality
905); NMMNH P-11027, paramedian scute fragments (NMMNH locality 906); NMMNH P-11004, paramedian scute fragments (NMMNH
locality 9 11); NMMNH P-11057-11063, paramedian scute fragments
(NMMNH locality 919); UCMP 34255, 34248, 34259, partial skeletons
(UC MP locality V2816, Canjilon quarry); scute fragments (NMMNH
locality 9 18); USNM 2585, lectotype specimens of Typothorax coccinarum; 2586, syntype of Typothorax coccinarum; and the followi ng
topotypes of Typothorax coccinarum, NMMNH P- 18197, NMMNH P18199, NMMNH P-1820 1 (scute fragments).
Discussion-Cope ( 1875, p . 84) named Typothorax coccinarum for
fragments of what we now recognize to be an indeterminate phytosaur
and scute fragments of a distinct aetosaur. Cope (1877, plates 22-23;
Figs. 14A-B, H-M, E) illustrated these specimens. Later workers have
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FIGURE 12 . Unionid bivalves from the Petrified Forest Formation of the Chama basin. New Mex ico . A- B. Syntypc of Unio cristonensis (USNM 30731) in external
(A) and internal (B) views. C-D, Lectotype (here designated ) of Unio cristonensis (USNM 3073 1) in external (C ) and internal (D) views. E-F. Syn type of Unio
cristonensis (USNM 30731) in external (E) and internal (F) views. G- H, Syntype of Unio cristonensis (USN M 30731) in external (G) and internal (H) views . 1J, Syntype of Unio cristonensis (USNM 30731) in external (I) and internal (J) views. K- L, Syntype of Unio cristonensis (USNM 30731) in external (K) and internal
(L) views. M- N, Syntype of Unio cristonensis (USNM 30731) in external (M) and internal (N) views . 0--P, Indeterm inate unionid (USNM 9798) in external (0)
and internal (P) views. Q--R, Indeterminate unionid (US NM 9798) in external (Q) and internal (R) views. S- T. Indeterm inate unionid (USNM 9798) in external
(S) and internal (T) views. Scale bars are I cm.
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FIGUR E 13. Vertebrate fossils from the Chin le Group of the Chama basin . All spec imens except C arc from the Petrified Forest Formation ; C is fro m the Salitral
Formation. A , Cranial fragment of indetem1inate large mctoposaurid amphibian (NMMN H P- 1 100 I ) in dorsal view. B, Paramedian ,cute frag ment of the stagonolepidid
Paratypothora.x (NMMNH P-1 1037) in dorsal view. C, Paramedian scute of stagonolepidid Longosuchus (NMMNH P-1 1005) in lateral view. D , Vertebrate coprolite
(NMMNH P-11050) in lateral view. E, Dorsa l centru m of indeterminate phytosaur (NMMNH P-11044) in lateral view. F, Para median ,cute of the stagonolepidid
Tvpothora.x coccinarum (NMMNH P-11004) in dorsa l view. G, Skull of phytosaur Pseudopalatus pristinus (NMMNH P-11076 ) in dorsolateral view . Scale bars are
I cm for A- O and 10 cm for G, E-F are natural size.

FIG URE 14 . Vertebrate foss il s from NMMNH locality 9 18, Petrified Forest Formation of t he Chama basi n , New Mex ico. A-B, Premax ill ary fragme nt of indeterminate
phytosaur (sy ntype of Typorhora.x coccinarum, USNM 2585) in lateral (A) and ventral (B) views . C-O , Caudal centrum of indetermi nate ?stagonolepi did (syn type
o f Typothora.x coccinarum, US NM 2585) in ventral (C) and posterior (D) views. E, Posterior tooth of indetenninate phytosaur (USN M 2592) in lateral view. FK , Lec totype fragme nts of para median scutes of stagonolepidid Typothora.x coccinarum (USNM 2585) in dorsal (F, H , J) and ventral (G, I, K) views . L- Q. Topotype
fragmen ts of pararnedian scutes of stagonolepidid Typothora.x coccinarum; L, M , dorsal and ven tra l views of NMMNH P-18197; N-O, dorsa l and ve ntral views of
NMMNH P- 18 199; P-Q, ventral and dorsal views of NMMNH P-18201. R- W, Vertebrate coprolites NMMNH P- 18 198 (R, S), NMMNH P- 181 98 (T, U), and
NMMNH P-1 8198 (V, W) in two lateral views each. Scale bars are I cm, A- B are natural size .
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restricted the name to refer to the aetosaur specimens. Cope ( 1875) did
not desig nate a holotype of Typothorax coccinarum. but Long and
Ballew ( 1985, p. 53) designated USNM 2585 (scutes. not jaw fragment)
as the lectotype of Typothorax coccinarum (Fig. 14H-I; Cope, 1877 ,
pl. 22.4; Figs . l lH-1, F) . We also recog nize NMMNH fragments of
scu tes from the same locality (NMMNH P-18197. 18199, 18201) as
topotypes of Typothorax coccinarum (Fig. 14L-Q).
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Fig. 13 8
Referred specimens--NMMNH P-1 I037, paramedian scutc fragment (Petrified Forest Formation, NMMNH locality 900) .
Discussion-Thi s fragment of a paramedian scute is assig ned to
Paratypothorax on the basis of its radial ornamentation on the dorsal
surface and its thinness and flatness .

Family Rauisuchidae
Postosuchus kirkpatricki Chatterjee
Referred specimens-CM uncatalogued, complete skeleton (Rock
Point Formation, Rioarribasaurus quarry).
Discussion-A complete skeleton of a rauisuchian in CM has been
identified by R. A. Long (oral comm. 1988) as Postosuchus kirkpatricki.
Order Saurischia
Infraorder Ceratosauria
Famil y Podokesauridae
Rioarribasaurus colberti Hunt and Lucas
Referred specimens--AMNH 7223. 7224 (holotype). complete
skeletons and many more specimens including complete skeletons (Rock
Point Formation, Rioarribasaurus quarry).
Discussion-Abundant skeletons from the Rioarribasaurus quarry
have been recently monographed by Colbert ( 1989) . These specimens
were believed to be Coelophysis bauri by most authors (e.g., Colbert,
1950 , 1964, 1974. 1989; Rowe and Gauthier. 1990) but have recently
been demonstrated to represent a new taxon (H unt and Lucas, 1991) .
Podokesauridae, genus indeterminate
Referred specimens-Various AMNH specimens described by Huene
( 19 I 5) and listed by Padian ( I986), from an unknown locality, Petrified
Forest Formation.
Discussion-Cope ( 1887a, b. 1889) assig ned several specimens of
indeterminate dinosaurs to the genus Coelophysis. These specimens
represent indeterminate ceratosaurian(sJ or theropod(s) (Hunt and Lucas, 1991).
Other taxa from the Rioarribasaurus quarry

Several new taxa of archosaurs from the Rioarribasaurus quarry are
currently being studied by various workers . These include a sphenosuch ian and more than one crurotarsan.
Vertebrate coprolites
Figs. 13D, l4R-W
Referred specimens-Petrified Forest Formation: NMMNH P-11041
(NMMNH locality 911); NMMNH P-11035 (NMMN H locality 920);
NMMNH P-11045 (N MMNH localit y 909); NMMNH P- 11046
(NMMNH locality 912); NMMNH P-110503 (NMMNH locality 919);
USNM 2586. NMMNH P-18198, NMMNH P-18198, NMMNH P18198 (N MMNH locality 918) . Salitral Formation: NMMNH P-11001.
P-11005 (NMMNH locality 913) .
Discussion-Vertebrate coprolitcs are common in all formations.
CORRELATION

The vertebrate faunas and the lithostratigraphic sequence from the
Upper Triassic strata in north-central New Mexico allow correlation of
the Chinle Group in the Chama basin and adjacent areas with Upper
Triassic strata exposed elsewhere in New Mexico (Fig. 15). Vertebrate
taxa distinguish superposed faunas B, C and D of Lucas ( 1992) in the
Chinle Group of the Chama basin.
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FIGURE 15. Correlation of the Upper Triassic Chinle Group in north-central
New Mexico with some other Upper Triassic strata (after Lucas, 1992).
The lowest fauna occurs in the Salitral Formation and includes the
aetosaur Longosuchus , which is restricted to late Carnian strata (Hunt
and Lucas, 1990b). This fauna also includes a large metoposaurid that
represents either Metoposauru s or Buettneria. These taxa are common
in late Carnian strata and arc rare in Norian strata (Hunt, I992; Hunt
and Lucas, 1992). Thus, the Salitral fauna is of late Carnian age. The
presence of a large metoposaurid in the lower Petrified Forest Formation
near San Ysidro suggests that it is correlative with the Salitral (Hunt
and Lucas, 1990a).
The Petrified Forest Formation of the Chama basin includes three
age-diagnostic taxa, the aetosaur Typothorax coccinarum and the phytosaurs Pseudopalatus pristinus and P. buceros. These taxa are restricted
to strata of early-middle Norian age (Long and Ballew, 1985; Hu nt and
Lucas , 1990a; Hunt , 1990).
The Rock Point fauna includes a new genus of phytosaur that also
occurs in the Travesser Formation of northeastern New Mexico and the
Redonda Formation of east-central New Mexico (Hunt . 1990). A diverse body of evidence suggests that these strata are of late Norian/
Rhaetian age, including the fact that the new phytosaur is more derived
than typical middle Norian taxa (Hunt, 1991 ).
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APPENDIX-MEASURED STRATIGRAPHIC SECTIONS
The litho logies of the measured stratigraphic sec tions in Fig . 4 are described
here . Roc k colors fo llow Goddard et al. ( 1984 ).

Nacimiento mine
NW 1/4

Measured in the
SE' /• and N 112 SW 1/4 sec. I, T20N, RIW, Sandoval
Coun ty, New Mexico. Strata dip 23° to due west.
unit

lithology

Chin le Group:
Petrified Forest Formation:
18 Silty muds tone: pale olive ( 10 Y 612); benlonitic: calcareous.
Sandy siltstone and mudstone: grayish red ( IO R 4/2); noncalca rcous; sandier portions are ripple laminar.
Poleo Formation:
16 Sandstone: pale olive (IO Y 6/2); very fine grai ned; subro un ded and well sorted; micaceous quartzarenitic ; trough
cross bedded with ripple marks ; top surface is ripple lam inar;
calcareous: weathers to a rounded cliff.
I 5 Mudstone: gray ish red (10 R 4/2 ); has some lenses of sandstone like unit 14; very calcareous.
14 Sands tone, siltstone and conglomerate: sandstone is pale
greenish yellow ( IO Y 8/2), very line grai ned, su brounded,
well sorted, noncalcareous, micaceous quartzare nite: siltstone is light olive gray (5 Y 512) and very sli ghtly calcareous ;
conglo merate is calcrete pe bbles up to 5 cm diameter that
a re pale oli ve ( 10 Y 612) and very calcareous in a sandstone
matrix like that descri bed above; sandstone is trough crossbedded and multistoried with s iltstone tops ove rlain by conglomeratic chan nel bases every 1-2 mete rs.

thickness (m )

13

Conglomerate: grayish yellow gree n (5 GY 7/2); calcrete
cl asts and minor bl ack chert up to I c m diameter; matri x is
very fine-line grained, subangular. moderately sorted, mi caceous quartza renite; calcareous; massive .
0. 9
unconform ity
Salitral Formation:
12 Mu dstone: pale green (5 G 7/ 2); slightly calcareous.
0.8
I I Muds tone: dark reddish brown (IO R 3/4 ); slightly calcareous; very bentonitic; unit forms strike valley that includes
road to Nacimiento copper mine and is partly covered by
all uvium.
29.7
IO Muds tone: grayish red purple (5 RP 412) ; noncalcareous; very
benton iti c; much covered by allu vi um ; a fault is ev ident in
thi s unit accounting for its abnormal('') thickness.
30.5
9 Mudstone and muddy sandstone : grayish red purple (5 RP
4/2); sandstone is very fine grai ned, subangular, we ll sorted
litharenite; sandstone is trough cros,bedded in 1- 2 m bed,;
noncalcareous.
5. 2
Agua Zarca Fo rmation:
8 Sandstone: pale yellow ish brown (IO YR 6/2) and very pale
orange ( IO YR 8/2); very fine to very coarse grained ; subangu lar and poorly sorted; micaceous quartzareni tic; contains
pebbles of white quartzite and very pale green ( 10 G 8/2)
si lt stone up to I cm in diameter in trough bottoms; noncalcareous; trough crossbedded; promi nent scour su rfaces about
every 3.0 m; tines upward .
13 .3
7 Silts tone: greenish gray (5 GY 6/ I); noncalcareous .
0. 1
6 Sandstone: grayish orange ( 10 YR 7/4); very tine-medi um
grained; subrounded and poorly sorted: quartzarenitic: noncalcareous; !rough crossbeddcd; a major scour surface about
in middle of un it.
6.I
5 Siltstone: greenish gray (5 G Y 6/1 ); noncalcareous.
I. 3
4 Conglome rate: mat ri x is ye llowis h gray (5 Y 8/ I) very finemed ium grained , subrounded , moderately sorted quartzose
san dstone ; clasts are wh ite , pin k, red and black chert and
quartzite pebbles up to 3 c m in diameter: noncalcareous ;
troug h crossbedded; tines upward .
1.8
3 Conglomerate, sandstone and siltstone: conglomerate has
matrix of grayish gree n (5 GY 6/1) line-coarse grained , subrounded , poorly sorted, noncalcareous quartzose sandstone
and pebbles of white and black quartzite up to 3 c m in
d iameter; sandstone is ye llowi sh gray (5 Y 811 ). very fine
grained , subrounded , well sorted, noncalcareous and quartzose; si Its tone is pale green (5 G 7/2), noncalcareous and
sandy; sandstone is ledgy; trough crossbedded.
3.0
unconformi ty
Ye so Format ion (Permian):
2 Sandstone: pa le reddish brown ( 10 R 514 ) with white (N 9)
spec kles; very fine-tine gra ined; su brounded and moderate ly
sorted; noncalcareous; litharen itic; low angle trough crossbeds;
Iedgy.
2.0
Sandstone: pale red (IO R 612) with white (N 9) speckles;
line grained; subrounded and poorl y sorted: litharenitic ; nonnot
calcareous; trough cros,bedded .
measured

not
measured

Cerro Blanco

17

3.6

Measured in the NE 1/ 4 sec . 4 , T23N. R IE, Rio Arriba County.
unit

4. 1
13. 1

24.3

lithology

San Rafael Group:
En trada Sandstone:
2 1 Sandstone: pale green yellow ( IO Y 8/2): fi ne grained; subrounded ; well sorted; noncalcareous: trough crossbedded; cliff
former.
unconformity
Chinle Group:
Petrified Forest Formation:
18 Mudstone: pale blue (5 B 5/6); calcareous.
17 Silty mudstone : same litho logy and color as unit 11.
16 Mudstone: gray ish red purp le (5 RP 4/2) and grayish yel low
green (5 GY 7/2); slightly si lty; very calcareous.
15 Silty mudstone : same lithology and color as unit 11.

thickness (m)

not
measured

4.6
5 .9
0 .6
11 .4

TRIASSIC STRATIGRAPHY
14

Si lty mudstone: mottled moderate reddish brown (10 R 4/6)
and grayish yellow green (5 GY 7/2); moderately calcareous.
Si lty mudstone: same lithology and color as unit 11 .
Si lty sandstone : moderate reddish brown (10 R 4/6); very
fine grained; subangular to subrounded: we ll sorted; quartzose; much hematite; noncalcareous.
Si lty mudstone: same lithology and color as uni t 9 .
M uddy sandstone: moderate reddish brown (5 R 5/4) and
pale green (5 G 7/2); very fine grained; subangular; well
sorted; quartzose; platy and lenticular.
Silt y mudstone: pale reddish brown (10 R 5/4); very calcareo~.
Mudstone, grades up 10 sandy siltstone: mudstone is grayish
red purple (5 RP 4/2) and noncalcareous; sandy siltstone is
grayish red purple (5 RP 4/ 2) lo grayish yellow green (5 GY
7/2); sand is med iu m grained, subrounded. quartzose and
very calcareous.
Si ltstone: pale reddish brown ( 10 R 5/4); very calcareous.
Sandstone and clay-pebble conglomerate: dusky red (5 R 3/
4) to moderate yellow green (5 GY 7/4); sandstone is same
lit hology as unit 3; very calcareous; conglomerate clasts are
calcrele, highly calcareous; conglomerate has crude trough
crossbeds; sandstone is 15 -cm-thick laminar bed I m from
base; unit 8 is laterally discontinuous and pinches out IO m
laterally; NMMNH locality 918, type locality of Typothorax
coccinarum. is in conglomerate.
Muddy siltstone , grades up to silty mudstone: muddy siltstone is pale olive ( IO Y 6/2) and highly calcareous; si lly
mudstone is pale reddish brown (IO R 5/4) and noncalcareous.
Mudstone : same lithology and color as unit 2.
Si ltstone and sandstone: dark reddish brown (10 R 3/4); sandstone is very fine grained. quartzose . with mica flakes; slightly
calcareous.
Mudstone: pale red purple (5 RP 6/2) with some mottling of
grayish ye llo w green (5 GY 7/2); slightly silty; very calcareous.
Mudstone: yellowish gray (5 GY 7/2) and pale reddi sh brown
( 10 R 5/4); benton itic; very calcareous.

13
12

11
10

9
8

7
6

5

4
3

2
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0.35
2.9

0.6
4.9

1.8
4.9

Chinle Group:
Sal itral Formation :
11 Sandy mudstone: light greenish gray (5 G 8/1 ); noncalcareous.
Agua Zarca Formation:
IO Sandstone: light greenish gray (5 GY 8/1 ): fine -medium
grained; subrounded; moderately sorted; su blithareni tic ; noncalcareous; ripple laminar and bioturbated ; caps ledge.
9 Sandstone: grayish blue (5 PB 5/2); fi ne-coarse grained ; subrounded; poorly sorted ; lithareni lic ; noncalcareous; trough
cross bedded.
8 Mudstone: mottled grayish red purple (5 RP 4/ 2) and dusky
yellow (5 Y 6/4); noncalcareous.
7 Sandstone: grayish red purple (5 RP 4/2); fine- medium grained;
subrounded; moderately sorted; micaceous litharenitic; trough
crossbedded; some angular pebbles of chert and quartzite.
unco nformity
mottled strata:
6 Sandy mudstone and si lt stone: mottled very dusky red purple
(S RP 2/2) and moderate reddish orange ( lO R 6/6); secondary
gypsum platelets; forms a slope.
5 Sandstone: grayish red purple (5 RP 4/2); med ium grained;
subrounded; we ll sorted; lithic wacke ; noncalcareous; bioturbated with a hint of trough crossbeds; some quartzi tepebble gravels; forms a ledge.
4 S iltstone: mottled very dusky purple (5 P 2/2) and light olive
gray (5 Y 512); noncalcareous.
3 Sandy mudstone and siltstone: mottled grayish purple (5 P
4/2) a nd dusky yellow (5 Y 6/4); sandy nodules are grayish

0.8

not
measured

Measured in the SE' /• sec. 36 , T 23N , R2E . Strata dip 12° to due west.

unit

2.0

8.1
5.6

3.4

1.4
5.0

Mesa Montosa

lithology

I .4

Type Agua Zarca and Salitral Formations
3.4
11.9

Measured in the NW ¼ SE' /, sec. 36, T23N , R2 E. Rio Arriba County.

unit

yellow green (5 GY 7/2) and light brown (5 GY 5/6); noncalcareous.
2 Silty sandstone: mottled very dusky red purple (5 RP 2/2),
dusky yellow (5 Y 6/4), moderate reddish brown ( 10 R 4/
6) and pale gree nish yellow ( l O Y 8/2) ; very fine-fi ne grained;
subrounded-subangular; moderately sorted; arkosic; noncalcareous ; massive; ledge former.
Cutler Formation:
l Muddy sandstone: moderate reddish brown (10 R 4/6) with
pale greenish yellow ( IO Y 8/2) reduction spots; fine-medium
grained; subrounded; poorly sorted; arkosic ; noncalcareous ;
massive.

thickness (m)

1.5

0.l

I. 7
2.7

2 .0

2.4

0.8

I. 7

lithology

Chinle Group:
Poleo Formation:
24 Sandstone: yellowish gray (5 Y 7/2) , weathers grayish olive
green (5 GY 3/2); fine grained; subrou nded; well sorted;
calcareous: trough crossbedded; forms a cliff: top of unit a
stripped surface here.
23 Sandstone: grayish yellow (5 Y 8/4 ); very fine grained; subroun ded; we ll sorted; sub lithareni lic ; very calcareous; platy
with small trough crossbeds: liesegang bands.
22 Co nglomerate: same colors and lithology as unit 18 .
21 Sandstone and conglomerate: sandstone is pale olive (10 Y
6/ 2); weathe rs dark yellowish brown ( 10 YR 4/2); very finefine grained; subrounded; well sorted; litharenitic; very calcareous; conglomerate is same colors and lithology as unit
18 ; in graded trough beds with sandstone at top.
20 Co nglomerate: same colors and lithology as unit 18.
19 Sandstone: dusky yellow (5 Y 6/4); very fine- fine grained;
subrounded; well sorted; litharenitic ; noncalcareous; trough
crossbedded.
18 Conglomerate: matri x is pale olive (IO Y 6/2); very finemedium grained , angu lar/subangular. poorly ,orted, very calcareous, subarkosic; clasts are red , whit e , pink and black
chert; fai nt trough crossbeds.
17 Sandstone and conglomerate: sandstone is yellowish gray (5
Y 7/ 2), very fine grai ned , subrou nded. well sorted , very
ca lcareous, micaceous litharenitic; conglomerate consists of
pa le olive ( l O Y 6/2) clasts of nodular calcrete up to 15 cm
in diameter; conglomerate forms base of scours in troughcrossbedded sandstone .
unconform it y
Sal itral Formation:
16 Muddy sandstone: light greeni sh gray (5 GY 8/ l); very fin efine grained; subarkosic; subrou nded; moderately sorted; litharenit ic; massive.
15 Mudstone: same color and lithology as unit 13.
I4 Mudstone: grayish red (5 R 4/ 2); noncalcareous.
13 Mudstone: grayis h red purple (5 RP 4/2); noncalcareous.
12 Sandstone: grayish red purple ( 5 RP 4/2); fine-medium grained;
subrounded; moderately sorted; litharenitic ; noncalcareous;
small trough crossbeds.
11 Mudstone: grayish purple (5 P 4/2); noncalcareous.
l O Siltstone: mottled pale reddish purple (5 RP 6/2) and grayish
yellow green (5 GY 7/2); paleosol.
Agua Zarca Formation:
9 Conglomeratic sandstone: very light gray (N 8); sandstone
matrix sa me lithology as unit 8; clasts are black , pink and
white quartzite pebbles up to 2 cm in diameter; trough crossbedded; forms a bench.
8 Conglomeratic sandstone : light greenish gray (5 G 8/l); coarsevery coarse grained; subangular-subrounded; moderately sorted;
quartzose ; trough crossbedded; noncalcareous; 60 m to NW
this unit is totally scoured out by un it 9.
7 S iltstone : gray ish yellow (5 Y 7/2); noncalcareous; thi n secondary gypsum platelets.
6 Sandstone: light greenish gray (5 G Y 8/l ); very fine -medium

thickness (m)

5.6

1.2
2.3

3.0
I. 7

0.2

l. I

l .5

3.6
5.6
3.0
2.4

l.2
3.6
0.8

3.4

0.7
0.7
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grained ; su brounded; moderately sorted ; quartzose ; noncalcareous; trough cross bedded; forms a mottled ledge.

Coyote Amphitheater
I. I

unconformity
motlled strata:
5 Sandy siltstone: mott led grayish purp le (5 P 4/2) and pale
greenish yellow ( IO Y 8/2); this unit locally cut out by un it

6.

unit

1.5

Cut ler Formation:
4 Sandy m udstone: pale reddi sh brown ( 10 R 5/4); noncalcareous.
3 Conglomeratic sandsto ne : pale oli ve ( 10 Y 612 ); fine -coarse
grained; subangular; poorly sorted; quartzose; noncalcareous;
clasts are pale olive ( IO Y 6/2) and grayish red purple (5 RP
4/2) mudstone and si ltstone up to I cm in diameter.
2 Sandstone: grayish red purple (5 RP 4/2) with pale greenish
yellow ( IO Y 8/2) mottles; very fine-fine grained; subro unded; moderate ly sorted; subarkosic; mass ive.
Sandstone: gray ish red (IO R 4/2) w ith moderate yellowish
gree n (5 GY 714) mottles ; fine-coa rse gra ined ; subangu lar;
poorly sorted ; subarkos ic; massive.

0.8

0 .7

3.8
not
measu red

Type section of Poleo Formation

lithology

Chinle Group :
Petri fied Forest Formation:
12 Sandstone: pale oli ve (10 Y 612) ; very ti ne-fi ne grained ;
subangular and moderately sorted ; micaceous lithareni tic ;
very ca lcareous; trough crossbedded; caps ridges in this area .
I I Conglome rate: pale yellowish brown ( IO YR 6/2); siltstone
and limestone (nodular calcrete ) pebbles up to 7 mm in diameter; calcareous; trough crossbedded; contains bone fragments .
10 Mudstone: light brownish gray (5 YR 6/ 1); calcareous.
9 Muddy si ltsto ne: d usky ye llow (5 Y 6/4); calcareous.
Poleo Formation:
8 Sandstone: dusky yellow (5 Y 6/4 ); very tine grai ned; subrounded and well sorted ; micaceous subarkosic; nonca lcareous; lam inar and ripple lami nar in shallow troughs; weathers
flaggy.
7 Sandstone : same color and litho logy as unit 6, but weathers
flaggy.
6 Sandstone: dusky yellow (5 Y 6/4); very fine-fine grained;
subrounded and moderately sorted; micaceous subarkosic;
noncalcareous; lateral accretion crossbeds; liesegang bands .
5 Sandstone: gray ish yellow (5 Y 8/4) and yellowish gray (5
Y 7/2): very fine grained; subangular-subrounded ; well sorted;
micaceous litharenitic; calcareous; lower 0.9 mare massive ,
uppe r 0 . 7 m trough crossbedded.
4 Silty mudstone and sandstone: mudstone is greenish gray (5
GY 6/ l ) and noncalcareous ; sandsto ne is yellowish gray (5
Y 7/2) with dusky blue (5 PB 3/2) and dark yellowish ora nge
( IO YR 6/6) mottles; very fine grained; subangular; well
sorted; noncalcareous; m icaceous litharenitic ; blac k plan t debris is up to l X 3 cm; unit is a trough bottom of low angle
trough-crossbedded sandstone wi th mudstone and carbonaceous pla nt debris ; base of un it is prominent scour.
3 Sandstone : yellow ish gray (5 Y 712); very tine-fine grained;
subrounded-subangular; moderately sorted; micaceous lit harenitic ; calcareous; trough crossbedded: trough bottoms are
pebbly; fom1s a cliff.
unconfom1ity
Sa litral Formation:
2 Si lty m udstone: gray ish yellow green (5 GY 7/2); calcareous.
I Silty muds tone: grayish red purple (5 RP 4/2); noncalcareous.

lithology

thickness (m)

San Rafae l Group:
Entrada Sandstone:
16 Sandstone: pa le redd ish brown ( 10 R 5/4); very tine-fine
grained; subrounded ; moderately sorted; quartzarenitic; calcareous; trough crossbedded.

not
measured

unconformity

Measured in the NW 1/ 4 NW 1/ 4 sec. 36, T23N, R2E, Rio Arriba County. Strata
dip 3-5° to N20°E.

unit

Measured in the NW '/., sec. 2 1, T23N, R3E. Strata dip 10° to N50°W.

thickness (m)

I. 7 +

0.7
7.3
2.4

1.7
1.2

2 .7

1.6

0 .5

Chi nle Group:
Pet ri fied Forest Fomiation:
15 Mudstone, sandstone and sandy mudstone: mudstone is moderate reddish brown (IO R 4/6) with very pale green ( IO G
8/8) reduc tion spots, noncalcareous, bentonitic , some cover:
sandstone is pale gree n (5 G 7/ 2). very fine grai ned, subangular/subrounded , well soned , micaceous litharenitic; sandy
mudstone is moderate reddish orange (IO R 6/6) and pale
reddish purple (5 RP 6/2); some gravelly scour-and- fill structures with bone fragme nts.
14 Siltstone: moderate redd ish brown (1 0 R 4/6) with very pale
green ( IO G 8/2) reduc tion spots; contains some mediumcoarse gra ined sandstone beds that fill scours and contain
bo ne fragments.
I 3 Mu dstone: same colors and lithology as unit 8.
12 Silty m udstone: same colors and lithology as uni t 7.
11 Conglo meratic sandstone: same colors and lithology as unit
9: very pe rs istent laterally.
IO Silty m uds tone: same colors and li thology as unit 7.
9 Conglo merat ic sandstone: pale redd ish brown (10 R 5/4) and
pale green (5 G 7/2); medium-very coarse grained: subrounded; poorly sorted; litharenitic; larger clasts are limestone (nodular calcrete) ; trough crossbeds .
8 Mudstone: pale reddish brown (10 R 5/4) with very pale
gree n ( lO G 8/2) streaks; contains numerous concretions of
nodular ca lcrete; trough fill.
7 Silty m udstone : moderate reddish brown (IO R 4/6) with pale
yellowish green (10 GY 712) reduction spots; very calcareous.
6 Muddy siltstone: moderate brown (5 YR 4/2) with pale green
(5 G 712 ) mott les; very calcareous.
5 S iltstone and conglomerate: siltstone is moderate brown (5
YR 4/4), very calcareous and ripple lam inar; conglomerate
is brow ni sh gray (5 YR 4/ l ) with clasts of mudstone and
s iltstone up to l cm in diameter; ledges of siltstone are intercalated with pebbl y beds; NMMNHH locality 9 11 , Pseu•
dopalatus and Typothorax.
Poleo Formation:
4 Sandstone with thi n beds of mudstone: sandstone is light
green ish gray (5 G 8/ I ), ripple lami nar and same lithology
as unit 2; mudstone is moderate brown (5 YR 4/4); units 4
and 5 represent a transitional interval between the Poleo and
Petrified Forest Formations.
3 Sandstone: light greenish gray (5 G 8/ 1), weathers to grayish
brow n (5 YR 3/2); same lithology as sandstone in unit 2;
noncalcareous; low angle crossbeds and ripple laminations;
scour surfaces about 1.5 m apart; top 2 m very ri pple lam inar;
fom1 s cl iff.
2 Sandstone: grayish yellow green (5 GY 7/2); very fine grained ;
subrounded; we ll sorted: micaceous litharenitic; noncalcareous; ripple laminar.

84.0

42.0
8.0
26.5
0.8
16.8

1.0

8.0

9 .0
1.8

10.5

15.0

I 0.5

2.5

unconfo rmity
2.6

0 .3- 0 6
3 .0+

Salitra l Formation :
I Mudstone and muddy sandstone: pale oli ve ( 10 Y 6/2); sandstone is very fine grained , subrounded-subangular, poorly
sorted m icaceous l itharenitic; moderately calcareous; forms
a s lope above purple bentonitic mudstone.

3 .5
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Abiquiu Dam
Measured in the N 1/2 sec. 8, T23N, R4E, Rio Arriba County.

unit

lithology

Chinle Group:
Petrified Forest Formation:
34 Mudstone: grayish red purple (5 RP 4/2) and pale green (5
G 7/2); calcareous.
Polen Formation:
33 Mudstone and interbedded sandstone: mudstone is same color
and lithology as unit 22; sandstone is same color and lithology
as unit 30.
32 Sandstone: same color and lithology as un it 30.
31 Siltstone: grayish red ( IO R 4/2) and pale yellow green ( lO
GY 7/2); noncalcareous.
30 Sandstone: mottled grayish red ( 10 R 4/2) and moderate
yellow green (5 GY 7/4); very fine gra ined; subrounded; well
sorted; quartzose ; ri pples; planar bedding.
29 Siltstone: grayish red (10 R 4/2) ; sl ightly calcareous; platy;
inclined heterolithic stratification.
28 Muddy siltstone: grayish red (IO R 4/2); noncalcareous; laterally is cu t out by unit 29.
27 Sandstone: dusky yellow (5 Y 6/4): very fine grained; subangu lar: well sorted; quartzose: noncalcareous: planar crossbeds.
26 Sandstone: yellow ish gray (5 Y 7/2): very fine gra ined : subangular: well sorted; quartzose: noncalcareous; massive.
25 Sandstone: pale olive ( IO Y 6/2); very fine gra ined: subangular: well sorted: quartzose ; very calcareous; planar and
trough crossbeds; inclined heteroli thic stratification.
24 Sandstone: grayish green (10 GY 5/2 ) and mott led dusky
blue (5 PB 3/2); very fine grained; subrounded: well sorted:
quartzose: very calcareous.
23 Sandstone: pale yellowish green ( IO GY 7/2 ): very fine-fine
grained; subrou nded : poorly sorted: litharenitic : very calcareous; planar crossbeds: incl ined hetero lithic stratification.
22 Mudstone: pale red ( IO R 6/2); calcareous.
2 1 Sandstone: grayish yellow green (5 GY 7/2): fine grained;
subrounded; well sorted; hematitic quartzose: calcareous: planar
crossbeds: inclined heterolithic stratification .
20 Mudstone: pale red (5 R 6/2 ): noncalcareous.
19 Sandstone and conglomerate: yellowish gray (5 Y 7/2); sandstone is very coarse, subrounded, poorly sorted, quartzose;
clasts are black, red , gray quartzite up to 2 cm in diameter;
planar bedded.
unconformity
Salitral Formation:
I 8 Mudstone: grayish yellow green (5 GY 7/2): noncalcareous.
17 Siltstone: moderate reddish brown ( IO R 4/6 ); noncalcareous.
16 Sandstone : pale olive ( 10 Y 6/2): very fine grained; subrounded; well sorted: micaceous litharenitic ; noncalcareous;
ripple laminar.
15 Mudstone with floating sand grains: greenish gray (5 GY 6/
I); pink and white sand grains up to 4 mm in diameter.
14 Mudstone: medium gray (N 5) with mott ling of light greenish
gray(5G8/ l ).
13 Sandstone : pale yellowish green ( IO GY 7/2) and grayish
orange (10 YR 7/2) and pale red purple (5 RP 6/2): very fine
grained: subangular: moderate ly sorted; litharenitic.
12 Muddy sandstone: pale yellowish green ( 10 GY 7/2): very
fine- medium grained: subrounded; poorl y sorted: quartzose;
noncalcareous.
11 Siltstone: very dusky red purple (5 RP 2/2) and very pale
green ( IO G 8/2); calcareous.
IO Silty muds tone: very dusky red purple (5 RP 2/2) and very
pale green ( 10 G 8/2): noncalcareous: forms ledge.
9 Sandstone: lower 2.0 m is light bluish gray (5 B 7/1 ) and
upper portion is pale greenish yellow ( IO Y 8/2): fines up
from mediu m-coarse grained at base to fine-medium grained;
subrounded; moderate ly sorted; quartzose ; noncalcareous .
8 Silty mudstone: pale red (5 R 6/2): noncalcareous.
Agua Zarca Format ion:
7 Muddy sandstone: gray orange pin k (5 YR 7/2); very fine
grained ; subrounded; well sorted: litharenitic: very ca lcare-

thickness (m)

5.0

3.8
8.5
3.8

3.0
I.I

ous: poorly developed low angle crossbeds .
6 Sandstone: very light gray (N 8): medium-coarse grained;
subrounded; we ll sorted; quartzose ; noncalcareous; horizontal lamination; unit thins laterally.
5 Co nglomerate and sandstone: light gray (N 8); sandstone is
fi ne-medi um grained. subrounded, moderately sorted,
quartzose; clasts are yellow, pink quartzite up to 6 cm in
diameter.
4 Conglomerate and sandstone: light greenish gray (5 GY 8/
I ); sandstone is fine -mediu m grained, subrounded, moderately sorted, quartzose; clasts are yellow and pink quartzite
up to 5 cm in diameter: unit thi ns laterally.
3 Sandstone: very light gray (N 8); very fine-fine grai ned; subrounded; well sorted; quartzose: noncalcareous.
2 Conglomeratic sandstone: grayish green ( IO GY 5/2); very
fine-coarse grained; subangu lar; poorly sorted; subarkosic;
noncalcareous: clasts of quartzite up to 6 cm in diameter.
unconformity
Cutler Formation:
I Sandy muds tone: grayish red (IO R 4/2) with reduction spots
of pale green (5 G 7/2); noncalcareous.

3.0

0.5

1.5

0.2
0.3

1.1

2.9+

Canjilon quarry

1.6

Measured in the SW 1/4 sec. 2, T24N. R4E, Rio Arriba County.
0.3

unit

2.0

San Rafael Group:
Entrada Sandstone:
29 Sandstone: pale greenish yellow (10 Y 8/2): very fine-fine
grai ned; subrounded; moderately sorted: quartzare ni tic; calcareous; trough crossbedded: forms a cliff.
unconformi ty
Chinle Group:
Rock Point Formation:
28 Muddy siltstone: grayish red ( IO R 4/2) with pale yellowish
green (10 GY 7/2) mottles; calcareous.
27 Siltstone: mottled pale red (5 R 6/2) and very pale green ( I 0
G 8/2); very calcareous.
26 Siltstone: same colors and lithology as unit 25, except forms
a slope.
25 Siltstone: moderate reddish brown (10 R 4/6) with very pale
green (10 G 8/2) veinlets: very calcareous: ripple lam inar
ledges.
24 Silty mudstone and siltstone: mottled moderate red (5 R 5/
4 ) and very pale green (10 G 8/2): very calcareous: bioturbated ledge (paleosol?) .
23 Silty mudstone: pale redd ish brown ( 10 R 5/4) and very pale
green ( 10 G 8/2): very calcareous.
22 Silty mudstone: pale reddish brown ( 10 R 5/4): very calcareous: some thi n sandstone ledges of unit 21 litho logy with
extensive bioturbation and ripple laminae.
2 1 Sandstone and sandy siltstone: sandstone is pale green (5 G
7/2), fine- medium grained , subangular, moderately sorted,
clayey, quartzose and lami nar: sandy siltstone is very pale
green (10 G 8/2) and pale reddish brown (10 R 5/4), very
calcareous.
20 Muddy siltstone with thin sandstone and conglomerate lenses:
muddy siltstone is moderate reddish brown ( IO R 4/6), slight ly
calcareous and has gypsiferous veins that are yellowish gray
(5 Y 7/2); sandstone is moderate reddish orange (10 R 6/6),
very tine grained . subrounded , well sorted, quartzarenitic;
cong lomerate is light oli ve gray (5 Y 5/2) and composed of
very calcareous clasts of nodular calcrete.
19 Sandy mudstone: pale ye llowish green ( 10 GY 7/2): slightly
calcareous.
18 Mudstone intercalated with th in beds of ripple-laminar siltstone: mudstone is moderate reddish brown (10 R 4/6) and
very calcareous; siltstone is very pale green ( IO G 8/2),
weathers moderate reddish brown ( 10 R 4/6) and is moderately calcareous.

14.2

0.9

3.2
6.0

1.5
0.7

2.7

1. 0
5.8

0 .2

0.9

1.0

1.3
1.3

6.0

5.7
5.5

lithology

unconformity
Pe tri fi ed Forest Formation:
17 Mudstone: moderate reddish brown ( IO R 4/6): very calcareous.

thickness (m)

not
measured

2.4
7.3
4.5

3.2

2.5
9.0

7.5

2.0

18.5
6.3

13. 0

3.0
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Minas de Pedro

16

Muddy siltstone, siltstone and conglomerate: grayish yellow
green (5 GY 7/2); very calcareous; same lithology and bedforms as unit 12.
15 Silty mudstone: same color and lithology as unit 13.
14 Muddy siltstone, siltstone and conglomerate : same colors and
litho logy as unit 12 .
13 Silty mudstone: pale reddish brown ( 10 R 5/4): very calcareous .
12 Muddy siltstone, siltstone and conglomerate : muddy siltstone
is grayish purple (5 P 4/2) and very calcareou s; siltstone is
pale ol ive ( IO R 6/2). very calcareous and ripple laminar;
conglomerate is light olive gray (5 Y 5/2), very calcareous
and has same clast compositi on as unit 3 (clasts up to 1.5
cm in diame ter) ; siltstone and conglomerate are interlaced
with muddy siltstone in trough-form " arroyo-fi ll facies. "
11 Muddy siltstone with interbeds of ripple-laminar siltstone:
moderate reddish brown (10 R 4/6): very calcareous.
IO Conglomerate: pale red ( IO R 6/2); same lithology as unit
3.
9 Mudstone: moderate reddish brown (10 R 4/6) with pale
green (5 GY 7/2) mottles; noncalcareous.
8 Mudstone: grayish red purple (5 RP 4/2); noncalcareous.
7 Silty mudstone: grayish red ( IO R 4/2) ; very calcareous.
6 Mudstone, siltstone and conglomerate: mudstone is green ish
gray (5 G 8/ I) and very calcareous: siltstone is light greenish
gray (5 G 8/ I) and very calcareous; conglomerate is greenish
gray (5 G 6/ 1) and same lithology as uni t 3; mudstone ,
siltstone and conglomerate form trough beds (" arroyo-fill
facies" ); calcareous conc retions (nodu lar calcrete) are light
greenis h gray (5 G 8/ 1), and up to 5 cm in diameter.
5 Mudstone: moderate reddish brown (10 G 8/2) reduction
spots; very calcareous; slightly sandy; nodular calcrete up to
3 cm in diameter.
4 Mudstone with thin beds of ripple-laminar siltstone: grayish
red ( IO R 4/2); very calcareous.
3 Cong lomerate: very pale green (IO G 8/2); clasts are coarsevery coarse pebbles of limestone (calcrete); matrix is mudstone; very calcareous .
2 Mudstone: grayish red ( IO R 4/2); moderately calcareous.
I Muddy siltstone: pale reddish brown (10 R 5/4 ); calcareous.
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Rioarribasaurus quarry
Measured in the SW 1/ 4 SE 1/ 4 sec . I , T24N , R4E, Rio Arriba County.
unit

lithology

San Rafael Group:
Entrada Sandstone:
8 Sandstone: moderate reddish orange ( IO R 6/6) ; very finefine grained; subrounded ; well sorted; quartzarenitic; noncalcareous; trough crossbedded; forms a cliff.
unconformity
Chinle Group:
Rock Point Formation:
7 Cove red .
6 Siltstone: gray ish red ( IO R 4/2) with very pale green ( IO G
812) reduction spots; very calcareous; slope .
5 Siltstone: same colors and lithol ogy as unit 2.
4 Siltstone: moderate reddish orange ( IO R 6/6) with pale ye llowish green (10 GY 7/2) reduction spots; very calcareous.
3 Sandstone: pale red (10 R 6/2); very fine grained; subrounded
and we ll sorted; micaceous litharenitic; calcareous; trough
cross bedded grading upward to laminar; fo rms a ledge .
2 Siltstone: moderate reddish orange (IO R 6/6) with very pa le
gree n (IO G 8/ 2) reduction spots; noncalcareous; laminar and
ripple lam inar with mu ch horizon tal bioturbation.
Silty mudstone : moderate reddish brown ( 10 R 4/6) wi th
very pale green (IO G 8/2) reduction spots; very calcareous;
some secondary gypsum in veins that cut across bedding;
Rioarribasaurus quarry is 9.0 m above base of unit; correlates with unit 20 of Canjilon quarry section .

thickness (m)

not
measured

5 .5
4.5
0.8
8.0

3.8

0 .5- 1.5

20 .5

Measured in the SE 1/4 SW 1/4 sec . 18 (unsurveyed ), T24N, R6E , Rio Arriba
County.
unit

lithology

Chinle Group:
Poleo Formation:
15 Sandstone with conglomeratic beds: sandstone is light olive
brown (5 Y 5/6), very fine grained, subangular-subrounded,
moderately sorted, noncalcareous. micaceous litharenitic;
conglomerate is light greenish gray (5 GY 8/ I) and com posed
of siltstone and nodular calcrete clasts; laminar and planar
crossbedded with conglomerate conce ntrated at scou r bases .
14 Conglomerate: matrix is pale olive ( 10 Y 6/2), very fine coarse grained , subangu lar quartzose sand stone; clasts are
brown, white and red chert up to I cm in diameter; trough
crossbedded .
13 Sandstone: yellowish gray (5 Y 7/2) ; very fine- fine grained;
subrounded; moderately sorted; micaceous subarkosic; very
calcareous; laminar.
12 Sandstone: yellowish gray (5 Y 7/2) ; very fine- fine grained;
s ub angu lar- subrounded; moderately sorted; micaceous
quartzarenitic ; very calcareous; trough crossbedded: mult istoried with pebbly beds at scour bases .
11 Sandstone: pale greenish yellow (IO Y 8/2) , weathers moderate yellowish brown ( IO Y 5/4 ); fine grained ; subrounded;
we ll sorted; quartzarenitic; noncalcareous; trough crossbedded .
IO Sandstone: grayish orange ( 10 YR 7/4 ); very fine grained ;
subrounded; we ll sorted: arkosic li tharen ite; calcareous; some
cover.
9 Conglomeratic sandstone: sandstone is dusky yell ow (5 Y 6/
4). very fine- fine grained , subangu lar, moderate ly sorted,
micaceous litharenitic. calcareous; pebbles are light gray,
black. white quartzite and petrified wood; trough crossbe dded; scour base with 0.3- 0.6 m of relief.

thickness (m)

11. 3

1.6

2.2

10.3

2.0

1.3

3.0

unconformity
Salitral Format ion:
8 Sandy mudstone and muddy sandstone: sandy mudstone is
mottled grayish red purple (5 RP 4/2) and yellowish gray (5
Y 712) , bentonitic and very calcareous; muddy sandstone is
medium light gray (N 6) . fine grained, subangular, poorly
sorted. lithic wacke ; trough crossbedded ledges with mudstone partings.
Agua Zarca Formation:
7 Sandstone : pale greenish ye llow ( IO Y 8/2); fine-medi um
grained; subrounded; moderately sorted; quartzose; slightly
calcareous ; trough crossbeddcd; some si li ceous pebbles.
6 Sandstone: yellowish gray (5 Y 7/2); very fi ne-medium grained;
subrounded ; poorly sorted; fe ldspathic litharenit ic; noncalcareous; trough crossbeddcd; contains some siliceous pebbles ; upper half of unit thinner bedded with some mudstone
partings .
5 Sandy mudstone: pale reddish purple (5 RP 6/2); noncalcareous.
4 Sandstone : ye llow ish gray (5 Y 7/2); fine-medium grained;
subrounded; mode rately sorted; micaceous fel dspathic litharenitic; calcareous; trough crossbcdded: some dispersed siliceous pebbles .
3 Conglomerate: matri x is pale green (5 G 7/2), fine- medium
grained, subangular. poorly sorted quartzose sandstone; c lasts
are greenish black (5 G 2/ l ) chert and white quartzite up to
15 cm in diameter: trough crossbedded.
unconformity
mott led strata:
2 Siltstone: mottled gray ish yellow green (5 GY 7/2) and dark
reddish brown (10 R 3/4); bioturbated and massive .
Cutler Format ion:
I Sandstone: moderate reddish brown ( IO R 4/6); very fine fine grai ned ; subangular; moderate ly sorted; micaceous lithic
wacke ; noncalcareous; trough c rossbedded.
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