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DESCRIPTION OF UNITS

Alluvial deposits—Quaternary alluvial deposits

(0-50 ft thick; 0-16 m) have been classified by age
with the exception of talus and colluvium; all de-
posits with little or no soil development are classi-

fied as young and indicated by the suffix"“y" older
alluvial deposits with significant soil development
are classified as old and denoted by the suffix “0”

Quy—Young valley alluvium; includes
sands, silts, and gravels on flood-
plains, alluvial plains, and blow-
sands and silts infilling behind slump
blocks

Quo—Older dissected deposits of sands and
gravels in active stream channels or
finer grained deposits (mostly sands
and silts) of alluvial plains with
appreciable calcic-soil development

Piedmont-slope deposits—Fanglomerates (0-50 ft
thick; 0-15 m) containing mixed clasts of all major

rock types exposed in the current highlands

Qpy—Piedmont-slope deposits with little or
no soil development

Qpo—Older piedmont-slope deposits with

appreciable calcic-soil development

Qtc—Talus/colluvium consisting of uncon-
solidated talus, soil-stabilized talus,
and slope-wash deposits

Qbt—Basaltic talus derived from mesa-
capping basalts

Tertiary piedmont gravels—Volcaniclastic unit
(10-200+ ft thick; 3-65 m) of clasts of Oligocene
ash-flow tuffs and mudflows in a silty sand matrix;
typically calcite-cemented, unconsolidated silty
sandstone containing occasional volcanic pebbles
and a lag gravel of volcanic pebbles at top of unit;
north-trending trandport directions in areas north
of Rio Salado; radiometric dating indicates late Oli-
gocene to late Pliocene age (Scott Baldridge, per-
sonal communication, 1982)

Basalt flows—Vesicular, porphyritic basalt (20-100
ft thick; 6-35 m), clearly becoming younger to the
east; interbedded with Tpg; suffix numbers denote
relative age, with “1” the oldest and “3"” the
youngest

Mafic intrusive dikes and sills—2-10 ft thick (0.6
3 m)

Mesaverde Group

Crevasse Canyon Formation—Continental se-
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quence (1,100 ft thick; 355 m) of thinly bedded
sandstones, gray shales, carbonaceous shales, and
coals; coals are concentrated in lower half of forma-
tion, but thin coals occur throughout unit

Gallup Sandstone—Yellow-brown, fine- to
medium-grained sandstone sequence (30-85 ft
thick; 9-26 m) characterized by stacked, planar
crossbedded sets, burrows (Ophiomorpha), and a
distinctive bedding plane split often containing the
guide fossil, Lopha sannionis

Tres Hermanos Formation

Tres Hermanos Formation—Marginal marine
sequence (240 ft thick; 80 m) consisting of a basal,
regressive sandstone, continental shale in the cen-
ter, and a transgressive sandstone at the top; local-
ly, the continental sequence is coal-bearing

Fite Ranch Sandstone Member—Transgressive,
fine-grained, light-gray to buff, bioturbated,
medium-bedded sandstone (10-50 ft thick; 3-15
m); typically shows trough-and-planar crossbed-
ding and minor burrows; moderately well sorted;
laminations common; top marked by dark-brown
concretions and orange calcarinite

Carthage Member—Medium- to dark-gray shales,
thin, light-brown sandstones, and coals up to 18
inches thick (50-150 ft total thickness; 1545 m);
vertebrate fossils, brackish-water pelecypods, and
petrified wood common

Atarque Sandstone Member—Orange-gray, fine-
grained sandstone (20-70 ft thick; 6-21 m) with
trough-and-planar crossbedding and clay clasts;
unit coarsens upward; top is marked by a dark-
brown coquina

Mancos Shale

Mancos Shale—Offshore silty shale; lower two
members intertongue with the Dakota Sandstone;
commonly greenish gray to medium gray with
abundant fossils usually found in concretions,
especially in Kmd

D-Cross Tongue—Medium-gray to moderate
olive-gray, noncalcareous to slightly calcareous,
bioturbated, silty mudstone (78-133 ft thick; 24-41
m). containing abundant, fossil-bearing concre-
tions; fossils identified include: Prionocyclus
novimexicanus, Coilopoceras inflatum, and Lopha bella-
plicata

Rio Salado Tongue—Gray, calcareous, basal shale
grading to medium-brown noncalcareous shale
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within 20 ft of top of unit (210280 ft thick; 63-83
m); guide fossil Pycnodonte newberryi occurs abun-
dantly 10 ft above base

Lower part of Mancos Shale—Medium- to dark-
gray shale (70-280 ft thick; 21-85 m)

Dakota Sandstone

Dakota Sandstone—Fine to very fine grained,
shoreface and offshore-bar sandstones that inter-
tongue with the Mancos Shale

Twowells Tongue—Light-gray, fine-grained
sandstone (10-20 ft thick; 3-6 m) characterized by
2-3 inch upward-fining cycles of alternating
bioturbation and burrowing

Paguate Tongue—Yellow-brown, fine- to
medium-grained sandstone (0-30 ft thick; 0-9 m)
with minor crossbedding; pinches out to the south
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Geology of Pueblo Viejo Mesa quad

INTRODUCTION

Pueblo Viejo Mesa quadrangle is located approximately 30 mi
northwest of Magdalena, New Mexico, in northwest Socorro and
southeast Cibola Counties (Fig. 1). Access is by NM—52 from the
south and the unpaved Acoma—Sky City road from the north. Dirt
roads and tracks are present throughout the area.

The study area lies in the Datil-Mogollon subprovince, a transi-
tion zone between the Basin and Range province and the Colorado
Plateau province (Hawley and Love, 1981). The landscape of
Pueblo Viejo Mesa quadrangle is dominated by basalt-capped
mesas and broad alluvial valleys. Upper Cretaceous rocks that crop
out as small sandstone-capped hills in flat areas and as gentle cliffs
on the slopes of basalt-capped mesas are commonly buried by talus
or piedmont deposits throughout the study area. The entire Upper
Cretaceous sequence is exposed within a broad, southward-
plunging anticline in Pueblo Viejo Mesa quadrangle.

Published reports on the area. date back to 1900 when Herrick
published a reconnaissance map and report with measured sections
of ‘western Socorro and (then) Valencia Counties. The oil and gas
potential of the area was examined in reports by Wells (1919) and
Winchester (1921). Winchester extensively examined the coal-
bearing Cretaceous rocks in the upper Rio Salado drainage basin
and measured numerous sections in the Datil Mountains during
1913 and 1914.
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STRUCTURE

Folding and faulting affect all but the youngest rocks in the area.
A broad-scale anticline/syncline pair is a prominent feature in the
quadrangle. The axes of these structures trend north to northeast and
plunge to the south. Folds affecting the Cretaceous rocks in the Datil
Mountains have been interpreted as being related exclusively to

Laramide compressional tectonics in central New Mexico (Robin-
son, 1981; Mayerson, 1979). However, some of these folds warp
both Cretaceous and Tertiary rocks and hence, are post-Cretaceous
features. Recent work (Osburn and Laroche, 1981) approximately
15 mi to the south of Pueblo Viejo Mesa quadrangle in the Lion
Mountain area revealed broad-scale folds with similar trends in the
Oligocene volcanic section. This work suggests that all folding in
the area is not necessarily associated with the Laramide uplift.

A major fault in the southeast part of the quadrangle abuts the
Twowells Tongue of the Dakota Sandstone against the Crevasse
Canyon Formation, a minimum displacement of 700 ft (213 m).
However, most faults in Pueblo Viejo Mesa quadrangle are normal
faults with displacements of less than 100 ft (30 m).

STRATIGRAPHY

Chinle Formation —RC

The oldest rocks exposed in the Pueblo Viejo Mesa quadrangle
are assigned to the Chinle Formation (Triassic). The unit is a slope
former and is usually talus covered except in stream cuts. The best
exposures of the Chinle Formation in the Datil Mountains are
located east of Pueblo Viejo Mesa quadrangle along the Rio Salado.
The Chinle is easily recognized in the field and on aerial photo-
graphs by its characteristic red color and the resistant Dakota
Sandstone caprock that lies unconformably above it.

The Chinle Formation consists of red, purple, and gray mud-
stones, siltstones, and claystones with lesser amounts of lenticular,
conglomeratic, crossbedded sandstones. Only the upper 30-50 ft
(9-15 m) of the Chinle Formation is exposed in Pueblo Viejo Mesa
quadrangle. Tonking (1957) divided the Chinle into lower and
upper units that reach thicknesses of 300 ft and 800 ft (91 m and 243
m) respect'ive]y, in exposures approximately 7 mi east of Pueblo
Viejo Mesa quadrangle. Cross sections included in this report were
prepared using a maximum thickness of 1,900 ft (579 m) based on
two petroleum test wells drilled just north of Pueblo Viejo Mesa
quadrangle.

A floodplain environment is indicated for the Chinle by the
predominance of fine-grained sediments. Lentils of conglomerate
and discontinuous, crossbedded sandstones suggest channel de-
posits of streams that were flowing on the floodplain in Triassic
time.

Approximately 1,900 ft (579 m) of Upper Cretaceous rocks crop
out in Pueblo Viejo Mesa quadrangle. These rocks represent open
marine, paralic, and continental-fluvial paleoenvironments. Five
formations are represented: the Dakota Sandstone, Mancos Shale,
Tres Hermanos Formation, Gallup Sandstone, and Crevasse Can-
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yon Formation, in ascending order. These units, with the excep-
tion of the Tres Hermanos Formation, have been described in other
New Mexico basins, including the San Juan Basin and Zuni Basin,
and have been extended into the Datil Mountains area. Recent work
in west-central New Mexico by members of the U.S. Geological
Survey and the New Mexico Bureau of Mines and Mineral Re-
sources has resulted in extensive revision of the lithostratigraphic
nomenclature used in this area (Landis and others, 1973; Hook and
others, 1980; Hook and others, 1983).

Dakota Sandstone

The Dakota Sandstone lies unconformably on the Chinle Forma-
tion. Three units are recognized on Pueblo Viejo Mesa quadrangle:
the lower part of the Dakota Sandstone (Kdl), the Paguate Tongue
(Kdp), and the Twowells Tongue (Kdt).

The lower part of the Dakota Sandstone exposed in the area is
generally an upward-fining sequence of resistant, fine to very fine
grained, well-sorted quartzose sandstone containing conglomeratic
lenses at the base and intercalated shales in the uppermost part. In
the best exposures in Pueblo Viejo Mesa quadrangle, the lower part
of the Dakota is composed of 8-cm-thick, bioturbated beds with
vertical burrows 1 cm in diameter alternating with 8 cm-thick
structureless beds. Many thin horizontal burrows are present on
bedding planes between the bioturbated beds and the burrowed
beds. The base of the Dakota Sandstone is typically erosional and is
made up of a weathered gravel of well-rounded quartzite, chert
pebbles, and siltstone chips derived from the top of the Chinle
Formation. This lag gravel is best exposed in outcrops on the east
side of Tres Hermanos Mesa. The contact of the lower part of the
Dakota Sandstone with the overlying Mancos Shale is gradational
and is placed where thin shales first appear intercalated with a
slightly fining-upward sand sequence typical of the Dakota.

The Paguate Tongue forms a dip slope in the northernmost
portion of Pueblo Viejo Mesa quadrangle on the west side of
Victorino Mesa. This outcrop appears to be the southeast limit of the
Paguate in the Datil Mountains. The unit consists of a yellowish-
brown, fine-grained, slightly upward-coarsening argillaceous sand-
stone with intense bioturbation and minor cross-stratification. The
Paguate Tongue reaches a maximum thickness of 30 ft (9 m) in
Pueblo Viejo Mesa quadrangle. The Paguate Tongue of the Dakota
Sandstone lies stratigraphically between two open-water marine
tongues of the Mancos Shale and appears to represent an offshore-
bar complex.

The Twowells Tongue of the Dakota Sandstone is a 10-20 ft (3-6
m) thick, medium-gray to yellowish-brown, fine to very fine
grained sandstone occurring between the lower part of the Mancos

and the Rio Salado Tongue of the Maricos Shale. The unit is well
exposed in Pueblo Viejo Mesa and Table Mountain quadrangles,
but pinches out to the southeast in Indian Spring Canyon quadran-
gle. The Twowells contact with the underlying lower part of the
Mancos Shale is gradational and is mapped where the grain size
becomes consistently very fine grained sandstone and where mud-
stone partings become rare..The Twowells typically contains abun-
dant planar laminations and small-scale, low-angle cross-
stratification near the top of the unit. Ripples and small impact
marks are present at the top of the Twowells. The upper contact of
the Twowells with the Rio Salado Tongue of the Mancos Shale is
usually covered but appears conformable and sharp in sec. 5, T. 4
N.,R.7TW.

Mancos Shale

The Mancos Shale is split into multiple tongues in the San Juan,
Zuni, and Acoma Basins in New Mexico. Recent workers have
identified faunal marker beds in the Mancos tongues that serve as
useful stratigraphic correlation tools (Hook and others, 1978, 1979,
1980, 1983; Molenaar, 1974; Landis and others, 1973).

Three Mancos units were mapped in Pueblo Viejo Mesa quad-
rangle: in ascending order, the lower part of the Mancos (Kml)
between the lower part of the Dakota and the Paguate Tongue of the
Dakota (or the Twowells Tongue of the Dakota if the Paguate is
absent); the Rio Salado Tongue (Kmr) between the Twowells
Tongue of the Dakota and the Tres Hermanos Formation; and the
D-Cross Tongue (Kmd) between the Tres Hermanos Formation and
the Gallup Sandstone. In addition, the Whitewater Arroyo Tongue
(Hook and Cobban, 1978) is also present between the Paguate
Tongue and the Twowells Tongue where the Paguate is present but
does not crop out in Pueblo Viejo Mesa quadrangle because of thick
talus cover and erosion.

In this report, the lower part of the Mancos consists of a series of
medium- to dark-gray shales and thin, silty sandstones between the
lower part of the Dakota and the next stratigraphically higher tongue
of the Dakota present at a given location. At most places in the study
area, the lower part of the Mancos grades up into the Twowells
Tongue of the Dakota. In the extreme northern part of the study
area, the lower part of the Mancos Shale grades vertically into the
Paguate Tongue of the Dakota Sandstone. Thickness of the lower
part of the Mancos Shale thus ranges from 70 to 280 ft (21 to 85 m),
depending on local presence of the Paguate Tongue of the Dakota
Sandstone.

The lower part of the Mancos Shale exposed in Pueblo Viejo
Mesa quadrangle was deposited in a low-energy environment as an
offshore-shelf mud. Thin, silty sandstones present throughout the
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lower part of the Mancos probably represent storm sedimentation.
The offshore-mud sequence of the lower part of the Mancos Shale
grades vertically into lower shoreface sandstones that comprise the
Twowells or Paguate Tongues of the Dakota Sandstone.

The Rio Salado Tongue of the Mancos Shale consists of shales
that conformably separate the Twowells Tongue of the Dakota
Sandstone from the Atarque Sandstone Member of the Tres Herma-
nos Formation (Hook and others, 1983). The Rio Salado Tongue is
named for exposures along the Rio Salado near Puertecito on the
Alamo Indian Reservation, southeast of Pueblo Viejo Mesa quad-
rangle. The Rio Salado Tongue is typically a medium- to brownish-
gray, silty mudstone that can be conveniently split into a calcareous
lower part, ranging from 140 to 160 ft (42 to 49 m), and a noncal-
careous upper part from 70 to 110 ft (21 to 34 m) thick. The lower
part of the Rio Salado is a medium-gray mudstone containing
brownish-gray nodular limestones that have been identified as the
Bridge Creek Limestone beds (Hook and others, 1983). Within a
few feet above the basal contact with the Twowells, the Rio Salado
contains Sciponoceras gracile, a standard zone ammonite of the
Cretaceous of the Western Interior (Cobban and Scott, 1972). An
oyster, Pycnodonte newberryi (Stanton), also occurs in the S.
gracile zone, and serves as a marker fossil because it is confined to
light-gray, calcareous shales and limestones in the basal Rio Salado
Tongue. In addition, the ammonite Mammites depressus has been
found in the lower Rio Salado (Cobban and Hook, 1979). The upper
part of the Rio Salado Tongue is a noncalcareous, brownish-gray
mudstone in Pueblo V ejo Mesa quadrangle. Ammonites collected
in Pueblo Viejo Mesa quadrangle include Collignoniceras wooll-
gari woollgari (Mantell) and Tragodesmoceras socorroense Cob-
ban and Hook (Cobban and Hook, 1979). The color change from
medium gray to brownish gray is often coincident with the change
from calcareous to noncalcareous mudstones, although sometimes
the color change occurs stratigraphically below the change in car-
bonate content. Crystals of secondary gypsum are common
throughout the unit.

The D-Cross Tongue of the Mancos Shale was defined by Dane
and others (1957) as the shale body between the lower part of the
Gallup Sandstone and the Gallego Sandstone (now recognized as
Tres Hermanos Formation and Gallup Sandstone, respectively).
The type locality is at D Cross Mountain, approximately 5 mi west
of Pueblo Viejo Mesa quadrangle. The D-Cross Tongue is Late
Turonian in age (Hook and Cobban, 1979). Hook and Cobban
collected the same fossils in the lower part of the D-Cross Tongue as
those present in the Juana Lopez Member of the Mancos Shale in the
San Juan Basin. Hence, they consider the lower part of the D-Cross
Tongue and the Juana Lopez Member to be time-equivalents.

PueBLO VIEJO MESA (drawn by Linda Wells-McCowan after a
photoby D. E. Winchester in his 1920 U.S. Geological Survey
Bulletin 716-A).

The D-Cross Tongue is a slope-forming unit ranging from 78 to
133 ft (24 to 41 m) in thickness on Pueblo Viejo Mesa quadrangle.
The D-Cross can be conveniently divided into lower and upper
parts. The lower part is a medium-gray, bioturbated, slightly cal-
careous to noncalcareous, silty shale containing many fossil-
bearing concretions. Fossils identified by Robinson (1981) at D
Cross Mountain and by Hook and Cobban (1979) at Puertecito in the
lower part of the D-Cross include Prionocyclus novimexicanus,
Scaphites ferronenis, Coilopoceras inflatum, and Schaphites whit-
fieldi. The upper part of the D-Cross is generally more silty than the
lower part. In addition, several sandstone beds less than one foot
thick are present in the upper part of the D-Cross. At least one of
these sandstone beds appears to be mappable in exposures both in
Pueblo Viejo Mesa and Table Mountain quadrangles. Fossils identi-
fied from the upper part of the D-Cross at Puertecito include Lopha
sannionis, Prionocyclus novimexicanus, and Baculites yokoyami
(Hook and Cobban, 1979). The contact of the D-Cross Tongue with
the underlying Fite Ranch Member of the Tres Hermanos Formation
is gradational over approximately 15 ft, but is usually masked by
alluvium in Pueblo Viejo Mesa quadrangle. The upper contact of
the D-Cross with the overlying Gallup Sandstone is also gradation-
al. Following the convention of Robinson (1981), the base of the
Gallup Sandstone is placed at the base of the first sandstone bed
thicker than one foot.

Robinson (1981) assumed a shallow, nearshore, transition zone
between shoreface sands and clean offshore muds for the environ-
ment of deposition of the D-Cross Tongue. Evidence supporting
this conclusion includes the silty nature of the shales and the
abundance of fossils in the unit.

Tres Hermanos Formation

The name ‘‘Tres Hermanos’’ was first used by Herrick (1900) to
describe Cretaceous rocks that crop out east of the intrusive Tres
Hermanos Peaks along the Rio Salado on the Alamo Indian Reser-
vation. Since that time, the name has been applied to many different
sandstones in the Upper Cretaceous section (Dane and others, 1971;
Hook and others, 1983). Hook and others (1983) have redefined the
unit and have elevated the Tres Hermanos to formation status. The
Tres Hermanos Formation comprises a basal coastal sandstone, a
middle paludal to continental sequence, and an upper, coastal-
marine sandstone. Hook and others (1983) have defined the limits
of e Tres Hermanos Formation based on their interpretation of
Herrick’s original descriptions and have defined members corre-
sponding to the aforementioned lithologic breaks. Three members
are recognized: in ascending order, the Atarque Sandstone Member
(Kta), the Carthage Member (Ktc), and the Fite Ranch Sandstone
Member (Ktf).



