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ABSTRACT

More than 1300 feet of Upper Cretaceous strata
unconformably overlie the Triassic Dockum rFormation and are
exposed on the Sevilleta Grant, near La Jova, SOCOrro
County, New lMexico. The Upper Cretaceocus strata are
unconformably overlain by the Tertiarv Baca Formation and
Santa Fe Group. The Upper Cretaceous sequence extends from
" the Dakota Sandstone to the Crevasse Canvon Formation and
consists largely of shales and sandstones. Coal deposits
are present in the Carthage Member of the Tres Hermanos

Formation and in the Crevasse Canyon Formation.

Based on lithology, paleontology, sedimentary
structure, and paleocurrent direction of the stratigraphic
units the following seguence of depositional environments
are interpreted; 1) Dakota gsandstone— littoral environment,
2) lower tongue of Mancos shale- transition zone from
nearchore into open marine, 3) Twowells Tongue of the Dakota
candstone- offshore shallow marine bar, 4) Rio Salado Tongue
of the Mancos Shale- open marine to transition into
nearshore, 5) Atargque Sandstone Member of the Tres Hermanos
Formation- barrier-beach to lagoonal-estuarine, 6) Carthage
Member of the Tres Hermanos Formation- lagoonal with coal
swamps, 7) Fite Ranch candstone Member of the Tres Hermanos

Formation- barrier-beach, 8) D-Cross shale Tongue of the

Mances Shale- open marine that is transitional with the




under and overlying nearshore environments, and containing a

fossiliferous sandstone marker bed interpreted as an
offshore shallow marine bar, 9) Gallup Sandstone~(revasse
Canyon sequence- barrier-beach to lagoonal-swamp with coal

deposits overlain by lagoonal facies.

Two thin sandstones in the basal part of the lower

Mancos Shale tongue contain fossil ammonites (Conlinoceras

gilberti Cobban and Scott and Plesiacanthocerces wyomingense

Reagan). These beds are age eguivalents of the Oak Canyon
Member and the PaguateATongue of the Dakota Sandstone
respectively. The proximity of these beds probably
indicates a disconformity or a period of slow deposition in
the study area. The presence of the Twowells Tongue of the
Dakota Sandstone in the study area is puzzling because it is
absent to the northwest at Riley, New Mexico and to the
southeast at the Carthage and Jornada del Muerto coal
fields. The occurrence of the Twowells Tongue in the study
area may be due to a change in orientation of the Late
Cretaceous shoreline or a change in the orientation of the

Twowells Tongue.

Coal, 1 ft (30 cm) thick, in the Crevasse Canyon
Formation has been mined in the past. Chemical analysis of
the coal indicates that it is fairly high in calorific value
and low in sulfur. Being located on the Sevilleta Grant
National Wildlife Refuge makes any extensive exploration or

mining difficult.
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INTRODUCTION

Area of Study

The Sevilleta Grant is located southeast of La Jovita
Hills approximately 20 miles northeast of Socorro, New
Mexico. The studv area encompasses approximately 18 sauare
miles, including the area covered by adijacent corners of La
Joya, Sierra de la Cruz, Mesa del Yeso, and Becker SW 7.5
minute topographic guadrangles. Figures 1 and 2 show the
location of the studv area in relation to other geographic

features.

Obiectives

The main objectives of this study iﬁclude§ 1) detailed
geologic field mapping of the study area showing
stratigraphy and structure; 2) measurement of stratigranhic
sections showing vertical sequences of units characterized
by lithology, sedimentary structures, and paleontology; ° 3)
interpretation of the environment of deposition for each

stratigraphic unit.
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Methods of Investigation

Methods of investigation include: 1) geologic field
mapping at a scale of 1:12,000; 2) measurement of five
stratigraphic sections; 3) lateral tracing of units and
sedimentary structures within them; 4) measurement of
paleocurrent directions where possible; 5) determination of
composition and fabric of sandstones by petrographic
analysis of representative samples; 6) x-ray diffraction
for semi-quantitative analysis of clay mineral composition

in th2 cghales,

Prewvious Work

The stratigraphic nomenclature of Upper Cretaceous
strata south of the San Juan Basin has been developing over
the past several yvears. 'Table 1 lists the progression of
stratigraphic terminology used by selected studies in the
Carthaqe, Jornada del Muerto coal field, and Sevilleta Grant

areas.

studies of Upper Cretaceous exposures in the Socorro
region include work to the northwest of the study area at
Rilev-Puertecito by Herrick (1900), Pike (1947), and
Molenaar (1974). To the southeast studies have done at

Carthage by Gardner (1910), Lee (1915), Pike (1947), Hook



(6)

and others (in press), and at Jornada del Muerto coal field
by Read and others (1950}, Kottlowski -and Beaumont (1965),
and Tabet (1979). Work that includes the study area was
done by Darton (1928), Wilpolt and others, (1946), and

Wilpolt and Wanek (1951}).

" Darton (1928),.in his discussion of Upper Cretaceous
strata in Socorro County, mentions exposures in the valle
del 0jo de la Parida and in Palo Duro Canyon east of La
Joya., He also mentions coal beds in the valle del Ojo de la
Parida and Arrovo Cibola. Darton (1928) noted in the basin
south of La Jova that sandstones associated with coal
deposits in the Mancos Shale were difficult to distinguisn
from the overlying Mesaverde Fo;mation. Darten (1928) shows
a partial measured section of the lower part of the Upper
Cretaceous Series with 30 ft (9 m) of Dakota (7?) sandstonea
overlain by 410 ft (125 m) of alternating shales and
sandstones capped bv piedmont gravels. He reports a very
1imy shale suggesting that it might be the Greenhorn

Limestone 160 ft (49 m) above the bhase.

Wwilpolt and others (1946) and Wilpolt and Wanek (1951)
made reconnaissance maps of the Socorro region including
this study area using the stratigraphic nomenclature of the
day (see Table 1l). The following lithologic descriptions of
the units in the La Joya area are taken from Wilpolt and

others (1946). The Upper Cretaceons Dakota gandstone, 112
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ft (34 m) thick, yellowish-green, medium to coarse-grained
sandstone, unconformably overlies approximately 500 ft
(152.4 m) of the Triassic Dockum Formation. The Dockum
Formation is characterized by maroon sandstones, siltstones,
and shales. Overlying the Dakota Sandstone is the Mancos

Shale consisting of buff and black shales and yellow, buff,
and brown sandstones, Conformably overlying the Mancos
Shale is the Mesaverde Formation, which ranges up to 200 ft
(61 m) thick and consists of yellow and buff sandstones and
shales with one thin coal bed. The upper contact of the
formation is an erosional surface unconformably overlain by

the Tertiary Baca Formation.
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Figure 3. Photograph of shale, sandstone, and
conglomerate in the Dockum Formation in
the area s=outh of Cihola Canvyon.



Dockum Formation

The Triassic Dockum Formation was named by Cummins
(1890) near Dockum, Texas. Wilpolt and Wanek (1951)
extended the terminology into the area immediately north of
Carthage, New Mewico where they recognized the Dockum
Formation as the strata between the San Andres Formation and
the Dakota Sandstone. The Dockum Formation is correlative
with the Chinle Formation (Wilpolt and others, 1946) and the
rerm Dockum is often used east of the Rio Grande. The
Chinle Formation was named bv Gregory (1916) after Chinle
valley, Arizona and is commonly applied to the west of the
Rio Grande. The Dockum Formation unconformably underlies
the Upper Cretaceous Dakota Sandstone in the study area and
is composed of conglomerates, sandstones and shales (Figure
3.

The conglomerates contain pebbles and‘cobbles of
guartzite, sandstone, aﬁd siltstone in a matrix of
coarse-grained, bedded sandstones. The sandstones in the
Dockum Formation are friable to moderately indurated, fine-
to coarse-grained, and poorly sorted (see Appendix B for
description of terms). Friable, fine-grained, well¥sorted,
gravish-orange-pink (10 R 8/2) sandstone lenses are presént
locally. The shales are medium light gray (M 6) to very

dark red (5 R 2/6). Shale fragments and fossilized wood are



present in the sandstones. Cross—bedding consists of

(10)
medium-scale, tabular-shaped sets of low-angle tangential

cross-beds with nonerosiconal lower contacts.
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"UPPER CRETACEQUS STRATA

The Upper Cretaceous Series in central New Mexico can
be Adivided into the Dakota Sandstone, Mancos Shale, Tres
Hermanos Formation, and Mesaverde Group. The definition of
these units is not ‘one of precise age limits or specific
depositional environment, but rather one of general
lithologic and depositional framework within the major
transgressive-regressive sequences (Sears and others, 1941).
Figure 4 shows the complete generalized stratigraphic
section of the study area and the ages of the strata
studied. Plate 2 shows the correlation of the mrasured

stratigraphic sections in the study area.
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General Discussion of Stratigraphic Units

Dakota Sandstone

The Dakota Sandstone is the oldest of the Upper

Cretaceous strata exposed in the study area. The term
Dakota was first used near Dakota, Nebraska to describe the
basal sandstone o0f the Upper Cretaceous Series {Meek and
Hayvden, 1862). Dutton (1885) first recognized the great
lateral continuity of the Dakota Sandstone. Gardner (19210)
applied the term Dakota to the basal sandstone at Carthage,
New Mexico. The Dakota Sandstone in the study area forms
ridges and isolated hills trending northeast along the
southwestern end of the TLos Pinos Mountains. The Dakota
Sandstone unconformably overlies the Triassic Dockum
Formation.

The Dakota Sandstone in the study area is 51 ft (15.6
m) thick and conzists of two sandstones separated by 17 ft
(5.3 m) of silty medium gray (N 4) shale., The lower
sandstone is 6 ft (1.8 m) thick, very fine to fine-grained,
moderately to well-sorted, and light brown-gray (5 YR 6/1).
This sandstone is bioturbated and contains local pebble
conglomerate lenses. The lower sandstone contains abundant
wood fragments and carbonaceous material. Due to
bioturbation the sandstone is mostly structureless but does
exhibit some ripple marks and small- and medium-scale,
tabular~ to wedge~shaped sets of low-angle tangential

cross—heds.
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The 17-ft (5.3 m)-thick shale is medium dark gray (N
4., The silty shale is thinly laminated and coarsens
upward. The upper 28-ft (8.5 m)-thick sandstone has a
similar lithology to the lower sandstone bhut is more

extensively bioturbated (Figure 5). The upper sandstone
forms a dip slope and contains Thalassinoides, carbonate

apatite~bhearing nodules, and goethite replacement nodules

with pyrite centers.

Lower tongue of Mancos Shale

Cross (1899) was the first to apply the name Mancos to
a dark shale exposed in the Mancos River vValley near Mancos,
southwestern Colorado. Due to the intertonguing of the
Mancos Shale with the sandstones of the Dakota Sandstone,
Tres Hermanos Formation, and Mesaverde Group, the Mancos
Shale has been divided into several tongques. 1In
west~-central New Mexico where these sandstones are not
always present the informal term lower tongue of Mancos
Shale has been used (Landis and others, 1973; Molenaar,
1974; and Hook and others, in press) and is used in this
study.

The lower tongue of Mancos Shale is present north and
south of Cibola Canvon. Only the upper 54 ft (16.5 m) of
the lower Mancos Shale tongue is exposed in the area north
of Cibola Canyon. The lower Mancos Shale tongue has a sharp

contact with the conformably underlying Dakota Sandstone.



Figure 5.
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Photograph ¢f upper sandstone in the
Dakota Sandstone, scurh of Cibola
Canveon. Distance between tick marks is
2 inches (5 cm). '
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The lower tongue of Mancog Shale in the study area is 203 ft
(62 m) thick and consists of silty, medium gray (N 7) to
light gray (N 5) shale. Interbedded siltstone layers 1-2

inches (3-6 cm) thick are present and contain Inoceramus sp.

Five bentonite lavers 1-4 inches (3-10 cm) thick occur
throughout the lower Mancos Shale tongue. The very
pale-orange (10 YR 8/2) bentonite layers are associated with
selenite and can be detected by a slight color change in the
weathered shales., The upper 16 £t (4.0 m) of the lower
Mancos Shale tongue consists of light gray shale which
coarsens upward with interbedded vellowish-gray (5 ¥ 8/1)
friable, fine-grained sandstones,.

Ten inches (25 c¢m) above the base of the lower tongue
of Mancos Shale is the first of two 3-inch (8 cm)-thick,
very fine-grained, moderately indurated sandstone (Figure

6) . The sandstone contains pebbles and the ammonite

Calvcoceras (Conlinoceras) gilberti Cobban and Scott (all

invertebrate fogsil identifications by or confirmed by Hook,

personal communication, .1980-81). Calvcoceras gilberti

Ccbban and Scott is of Thatcher age and is probably age
equivalent to the Oak Canvon Member of the Dakota Sandstone

(Landis and others, 1973); however Calvcoceras sp. has

been reported in the Cubero Sandstone Tongue of the_Dékota
Sandstone (Landis and others, 1973). The Oak Canyon Member
was described by Landis and others (1973) from its type

local ity near Laguna, New Mexico. Landis and others (1973}

extended the intertonguing Dakota-Mancos terminology into
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Figure 6. Photograph of lower tongue of Mancos
Shale showing basal fossiliferous
sandstones, south of Cibola Canyon.
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west-central New Mexico. Also present in this bed are bone

fragments, vertebrae, and the shark teeth Ptvchodus whipplei

Marcou and Lamna semiplicata Agassiz (all vertebrate fossil

identifications by Wolberqg, personal communication, 1981).
Two feet (60 cm) above the first sandstone ig another

3-inch (8 cm)-~thick sandstone (Figure’G) with

characteristics similar to the first sandstone., This

sandstone contains Ostrea beloiti Logan, Stomohamites sp.,

Inoceramus rutherfordi Warren, Arrhoges modests (Cragin)?,

and Plesiacanthocerces wyomingense Reagan. The presence of

these fossils indicate this bed is age equivalent to the
Paguate Tongue of the Dakota Sandstone. The Paguate Tongue
was described by Landis and others (1973) from its type

locality near Laguna, New Mexico.
Twowells Tongue

Above the lower tongue of Mancos Shale in the study
area up to 86 ft (26 m) of sandstone is present and is
correlative with the Twowells Tongue of the Dakota
Sandstone. The correlation is based on lithologic
similarity, position in the lithostratigraphic column. *The
faunal content found in the study area is correlative with
the Twowells Tongue also. The type section for the Twowells
Tongue of the Dakota Sandstone is near Twowells, New Mexico

(Pike, 1947y, Pike (1947) considered the Twowells to be a

lentil in the Mancos Shale. Owen (196€6) considered it to be
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a member of the NDakota Sandstone., Landis and others (1973)-
redefined the Twowells as a tongue of the Dakota Sandstone
and this is the terminology used today.

The Twowells Tongue north of Cibola Canyon is 86 £t (26
m) thick and forms a prominent ridge (Figure 7). The
Twowells Tongue south of Cibola Canyoh is approximately 63
ft (19 m) thick and is very friable, appearing mostly as a
partly covered interval. The base of the Twowells Tongue isg
gradational with the underlving lower tongue of Mancos
Shale.

North of Cihola Canyon, the base of the Twowells Tongue
is a very friable, fine-grained, well-sorted, wvery pale
orange (10 YR 8/2) to light brown (5 ¥R 5/6) gandstone,

This medium bedded sandstone becomes less sorted upward,

Metoicoceras muelleri Cobban (1977h) was found as float in

the basal 20 ft (6.10 m).

The upper portion of the Twowells Tongue is composed of
a very ffiable, médium—grained, well-sorted, white (N 9)
sandstone. The lower one-third of the upper portion is
medium~grained, well-sorted, extensively bioturbated
sandstone, alternating with fine-grained, moderately sorted
sandstone, 2 ft (60 cm) thick, Shale partings in the
sandstones decrease upward. TFractures in the lower
one-~third are filled by secondary silica. The upper
two-thirds of the upper portion is a very friable,

medium-grained, verv well-sorted sandstone with horizontal

burrows. Bedding increases from medium- to very thick
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Figure 7. Twowells Tongue north of Cibola Canvon,

overlying the lower Mancos Shale which

is faulted against the Triassic Dockum
Formation.
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bedded within the Twowells Tongue. The Twowells Tongue is

overlain by the Rio Salado Tongue of the Mancos Shale,

Rio Salado Tongue

The Rio Saladé Tongue of the Mancos Shale is named for
eipbsures along the Rio Salado near Puertecito, New Mexico
by Hook and others (in press); they define the Rio Salado
Tongue as the shale between the Twowells Tongue of the
Dakota Sandstone and the Tres Hermanos Formation., The type
locality is north of the Rio Salado, approximately 2 miles
northeast of Alamo Mission (Hook and others, in press). The
Rio Salado Tongue is present nerth and south of Cihola
Canyon.

The Rio Salado Tongue has a sharp lower contact with
the conformably underlying Twowells Tongue of the Dakota
Sandstone. The lower part of the Rio Salado Tongue in the
study area is 317 £t (97 m) thick and consists of light
olive-gray (5 Y 5/6), calcareous shales with interbedded
calcarenites. The calcarenites are very fine-grained,
thinnly laminated and form resistant layers. The
calcarenites contain Inoceramus sp, The basal 5 ft (1.5 m)

contains Pycnodonte aff., P. kellumi (Jones) and Pycnodonte

newberryi (Stanton) (see Appendix Z). The interbedded
calcarenites and fauna indicate these beds are equivalent to
. the Bridge Creek Limestone Member of the Mancos Shale (Hook,

personnel communication, 1981) and are late Greenhorn (very
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late Cenomanian to early Turonian) age. Hook and Cobban
(198la) extended the Bridge Creek Limestone Member
terminology into the Mancos Shale in the Carthage and
Jornada del Muerto coal field areas.

The 105-«£t (32 m)~thick upper part of the Rio Salado
Tongue 1is composed of medium light-gray (N 6) shale with
calcareous septarian concretions. North of Cibola Canvon
twenty feet (6.1 m) into the the upper part is an en echelon

series of moderately indurated, fine-grained, moderately

sorted sandstone dikes.

Tres Hermanos Formation

The name Tres Hermanos Sandstone was first uzed by
Herrick (1900} for a concretion bearing sandstone east of
Tres Hermanos Peak in the Rio Salado valley, New Mexico.
The name Tres Hermanos Sandstone in the past, has been
applied to many different sandstone units low in the Mancos
Shale (Hook and others, in press). These erroneous
identifications of the Tres Hermanos Sandstone have led to
much confusion in the literature.

Hook and others (in press) are in the process of
raising the Tres Hermanos Sandstone Member of the Manéos
Shale‘to formational rank and subdividing it into three
members. The three members in ascending order are Atarque

Sandstone, Carthage, and Fite Ranch Sandstone Members. The

Atarque Sandstone Member is defined as the lower marine
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unit. The Carthage Member is named for the medial marginal
marine and nonmarine shalev part. The Fite Ranch Sandstone
Member is defined as the upper coastal marine sandstone,

The principal reference section for the Tres Hermanos

Formation 1is near Carthage, New Mexico.
Atarque Sandstone Member

The Atargue Sandstone Member of the Tres Hermanos
Formation is named after a ranch 55 miles south of Gallup,
New Mexico. The type section is near Horsehead Canyon in
“the SW 1/4 of section 32, T. 10 N., R, 17 ¥ (Hook and
others, in press).

The Atargue Sandstone Member is present north and south
of Cibola Canyon. The Atarcue Member has a gradational
contact with the conformably underlying Rio Salado Tongue of
the Mancos Shale. In the study area the thickness of the
Atarque Sandstone Member varies from 11 ft (3.4 m) to 42 ft
(13 m) (see Plate 2). The Atarque Member in the study area
can be divided into bhasal, middle, and upper parts, The
hasal part consists of friable, very fine-drained,
moderately sorted, calcareous sandstones. The white (N 9)
té very light-gray (N 8) sandstones weather dark yellowish
brown (10 YR 2/2). Small-scale, wedge-~ to tahular-shaped
sets of low-angle tangential cross-beds with nonercsional

lower contacts are present.



(24)

The middle part of the Atarque Member is composed of
sandstones that are pale vellowish orange (10 YR 8/6) and
weather grayish brown (5 Y 3/2). The sandstones are very
friable to friable, very fine-grained to fine-grained,
moderately sorted, calcareous, and thin bedded. Shale
partings and wood fragments are present in these sandstones.
The middle part of the Atarque Member varies laterally with
locally very abundant fossiliferous beds or lenses (Figures
8 and 9). The fossiliferous beds are almost completely made

of Crassostrea soleniscus (Meek). Elsewhere, Crassostrea

soleniscus (Meek) is only sparsely present with very

abundant shark teeth and skeletal fragments. Crassostrea

soleniscus (Meek) shells compose almost all of the Atarque

Member north of Cibola Canvon. ¥orth of Palo Duro Canyon
and east of Arroyoc los Alamos, the middle part of the
Atarque Member contains abundant shark teeth, and other bone
fragments in lenses. Forty-four species of shark teeth have
been identified from these lenses (see Appendix C). The
bene fragments include turtle carapace ffagments,
crocodilian teeth, fragments of dinosaur teeth and
vertebrae, skate fragments, and freshwater gar-like teeth
and vertebrae,

The cross-stratification is composed of small- and
medium-scale, tabular-and wedge-shaped (Figure 10) sets of
low~angle planar and tangential cross-beds with nonerosional

lower contacts. Straight-crested, symmetrical and

asymmetrical ripple marks are also present,



Figure 8.

Figure 9.
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Photograph of Atarcque Sandstone Member
showing fossiliferous lense south of
Cibola Canvon. Rock hammer is 11
incheg (27.5% cm) long.

Photograph of Atargue Sandstone Member
showing fossiliferous beds north of
Cibola Canyon.
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Figure 11.
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Photograph of medium-scale,
trough-shaped set of low-angle
tangential cross-beds in Atarque
Sandstone Member, south of Cibola
Canyon. Brunton Compass 2.5 inches (7
cm) .

Photograph of medium-scale,
wedge-shaped set of low-angle
tangential cross-beds in Atarque
Sandstone Member, south of Cibola .
Canyon. Brunton Compass 2.5 inches (7
cm) .
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The upper part in the area north of Cibola Canyon
consists of very friable, very fine-gained, moderately
sorted grayish-orange (10 YR 7/4) sandstone. Small- to
medium-scale, trough- and tabular-chaped cosets of low- and
high-angle tangential cross-beds with nonerosional lower
contacts are present. South of Cibola Canyon the upper part
consists of very friable, very fine- to fine-grained,
moderately to well-sorted, thin— to thick-bedded,
grayish—yeilow (5 Y 8/4) sandstone. The
cross-stratification is composed of ﬁedium—sdale, wedge- and
trough-shaped (Figure 11) sets and cosets of low-angle
tangential cross-~beds with nonerosional lower contacts.

Paleocurrent directions measured from the Atarque
Member are shown in Figure 12 A-D as paleocurrent rose
diagrams. For all paleoccurrent measurements the effects of
tectonic activity resulting in tilting of thevstrata is
removed by using a steronet when the dip of the beds is
greater than 10?. Figure 12 D is a composite of all Atarque

Member measurements.
Carthage Member

The Carthage Member of the Tres Hermanos Formation is
named after the abandoned coal-mining community of Carthage
about 16 miles (25 km) southeast of Socorro, New Mexico.

The type section is located nearby in SEl1/4 SE1/4 of section

8 and the NE1/4 NE1/4 of section 17 T.'5 S., R. 2 E (Hook
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Figure 12.
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66

Paleocurrent Rose Diagrams From Atarque Member
A) From Section III, south of Cibola Canyon

B) From Section II, south of Cibola Canyon

C) From Section I, north of Cibola Canyon

D) Composite rose diagram

Number in low right quadrant. indicates

number of measurements.
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and others, in press).

The entire Carthage Member is exposed north of Cibola
Canyon and east of Arroyo los Alamos. The Carthage Member
has a sharp contact with the underlying Atarqgue Sandstone
Member of the Tres Hermanos Formation. The Carthage Member
in the study area is up teo 150 ft (46 m) thick and consists
of sandstones interbedded with shale and coal {(see Plate 2).

The portion below the coal is composed of very friable
to mederately indurated, fine~-grained, moderately sorted,
pale yellowish-orange (10 Yr 8/6), medium bedded sandstones.
Locally the sandstones are abundantly bioturbated and
contain shale partings. The sandstones are interbedded with

medium gray (N B) shales. Local lenses of Crassostrea

soleniscus (Meek) also occur. Several beds contain

small-scale, tabular-shaped sets of low—-angle planar
cross~laminations with nonerosional lower contacts.,

Coal is present as two thin, 4-inch (10 cm) seams (NE
1/4, SE 1/4, sec. 17, T. 1 N., R. 2 E.) in the area north of
Cibola Canyon. The coal occurs 29 £t (8.84 m) above the
base of the Carthage Member, . Directly below the coal is a
f-inch (15 cm)-thick sandstone which contains abundant
carbonaceous material., Between the coal seams are
cérbonaceous shales and grayish-vellow (5 Y 8/4) sandstones,
The sandstone above the lower coal is medium to thick bedded
with medium-scale, wedge-, tabular~ and trough-shaped
(Figure 13) cosets of low-angle planar c¢ross-beds with

erosional lower contacts. Paleocurrent directions measured



Figure 13.

Figure 14.

photograph of medium-scale,
trough-shaped set of low-angle
tangential cross-~beds in Carthage
Member, south of Cibola Canyon. Rock
hammer 27.5 c¢m (11 in) long.

LiLaty
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Composite paleocurrent rose diagram of
Carthage Member. Number in lower right
quadrant indicates number of
measurenants.




from this unit are shown as a paleocurrent rose diagram in
Figure 14,

Directly above the coal is a very silty shale that
contains rip-up clasts of carbonaceous material. Sandstones
above the coal are friable, fine~ to medium-grained, and
pooily sorted. Feossilized wood is present throughout the
sandstones. Above the cocal is medium gray (N 5) to grayish
vellow (5 Y 8/4), silty shale. Lenses of moderate yellow (5
v 8/6) ferruginous material occur in the shale. The shale
is interbedded with grayish-yellow (5 Y 8/4) sandstones, 3
to 6 ft (.90~1.8 m) thick. The sandstones are friable to
moderately indurated, fine-grained and well-sorted, with
carbonaceous material. The upper most portions above the
coal consist of medium gray (N 5) shales. The shale

coarsens upwards to silty shale.
Fite Ranch Sandstone Member

The Fite Ranch Sandstone Member of the,Tres Hermanos
Formation is named after Fite Ranch, which is about one mile
west of Carthage, New Mexico. The type section is nearby in
the NE 1/4 NE 1/4 of section 17, T. 5 S., R. 2 E (Hook and
others, in press).

The Fite Ranch Sandstone Member is the most extensively
exposed unit in the the study area. being repzated by

faulting several times in the area east of Arrovo los

Alamos. The contact of the Fite Ranch Member with the
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underlying Caréhage Member of the Tres Hermanos Formation is
gradational (Figure 15). The thickness of the Fite Ranch
Member is up to 6% £t (19.8 m).

The lower units of the Fite Ranch Member are composed
of very friable, very fine-grained, moderately sorted, light
gray (N 7) sandstones, The calcareous sandstones locally
contain carbonaceous material. Abundant calcareous
fine-grained sandstone concretions whose diameter averages
28 inches (70 cm) are present., Some larger concretions have
grown around smaller ones.

The remainder of the Fite Ranch Member except the
highest unit consists of friable, very fine- to
fine~grained, poorly sorted (with improving sorting upward),
calcareous, dusky yellow (5 Y 6/4) to grayish-crange (10 ¥R
7/4) sandstonas. White mica grains and red, purple and
vellow staining occur locally. Goethite nodules occur as
replacements of pyrite. The next to the highest unit is a
well indurated, fine-grained sandstone and forms a
distinctive and persistent stratigraphic marker bed,

Bioturbation, wood fragments, and Thalassinoides (Figure 16)

are abundant locally. The Thalassinoides is characterized

by an oval cross section which ranges from 1/4 to 1/2 inch
(.7-1.5 cm) in diameter. The outer surface of the bufrows
is smooth to irreqular. The burrows are most apparent on
stratification planes where they are randomly oriented. The

burrows bifurcate at oblique to right angles and are

enlarged at the point of bifurcation. Vertical burrows form
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Figure 15. Photograph of Fite Ranch Sandstone
Member south of Cibola Canyon.
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Figure 16. Thalassinoides, rock hammer 11 inches
(27.5 cm) long,

Figure 17. Vertical burrow, Brunton Compass 2.5
inches (7 cm).
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resistant unit thét protrude out of the rock similar to a
stalagmite (Fiqure 17). ©Sparse fossil shark teeth and shell
fragments are found in the upper units. 1In the exposures of
the Fite Ranch Member north of Cibola Canyon, Lopha

bellaplicata (Shumard) was found just below the highest'

unit. Large-scale, tabular-shaped sets of low-angle planar
cross-beds with nonerosional lower contacts are present in
the upper units.

| The highest unit in all areas is a yellowish-gray (5 Y
8/4) sandstone that is very friable, fine-grained,
moderately sorted, and calcareous. In most places the
highest unit occurs only as a sandy, mostly covered
interval. Fossils collected as float from this unit include

Lopha bellaplicata (Shumard), Ptychodus whipplei Marcou,

Lamna semiplicata Agassiz, skeletal fragments, and nodules

as replacements of gastropods and pelecypods. The nodules
contain carbonate apatite (CalO(P°4)6(C°3) Hzo) (North,

personal communication, 1981).
D~Cross Shale Tongue

The D-Cross Shale Tongue of the Mancos Shale was first
described by Dane and others (1957) for e#posures at D Cross
Mountain, Socorro County, New Mexico. The D-Cross Shale
Tongue is defined as the shale body between the Gallego
sandstone Member of the Gallup Sandstone and the lower part

of the Gallup (Tres Hermanos sandstone Member ‘of the Mancos
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Shale). The age of the D-Cross Shale Tongue in the study
area based on fossil evidence is late Turonian to Coniacian
(Hook, versonal communication, 1981)., The D-Cross Shale
Tongue is present north and scuth of Cibola Canyon.

The D-Cross Shale Tongue in the studv area is
informally divided into a lower part of the D-Cross Shale
Tongue below a fossiliferous sandstone marker bed, and the
upper part of the D-Cross Shale Tongue (Figure 18} between
the marker bed and the main Gallup Sandstone. The D-Cross
Shale Tongue has a sharp contact with the underlying Fite
Ranch Sandstone Member. The lower part of the D-Cress Shale
Tongue is 210 ft (63 m) thick and above the marker bed the
upper part of the D-Cross Shale Tongue is 150 £t (46 m)
thick.

At the basal contact of the lower part of tne D~Cross
Shale Tongue are beds that are lithologically similar to and
contain fossils typically found in the Juana Lopez Member of
the Mancos Shale at its reference section near TLa Ventana,
Mew Mexico (Dane and others, 1966), The'Juana Lopez
equivalent beds in the study area consist of two
calcarenites separated by a silty, light grav (N 7) to
medium grav (N 5) shale, 3 ft (90 cm) thick. The thickness
of the calcarenites ranges from 6 inches {15 cm) to 1 ft (30
cm) . The fine-grained calcarenites are pale vellowish brown
{10 YR 6/2). The dark vellowish-brown (10 YR 2/2)

weathering calcarenites form hard, hrittle, thin bedded,

resistant layers. Fossils in the Juana Lopez equivalent
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Figure 18. Photograph of contact between the
D-Cross Shale Tongue and the
fossiliferous sandstone marker bed in
the D-Cross Shale Tongue, south of
Cibola Canyon.
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beds include Archohelia dartoni Wells, Scavhites warreni

Meek and Havden, Prionocvclus wyomingensis Meek, Inoceramus

sp., Ptychodus whipplei Marcou, and bone fragmnents,

The remainder of the lower part of the D-Cross Shale
Tongue consists of medium gray (N 5) shale that lightens
upwérd to pale yeliowish~brown (10 YR 6/2) silty shale., The
shale becomes interbedded with sandstone near the top of the
lower part of the D-Cross Shale Tongue. Concretions form a
stratigravhic horizon 40 £t (12.20 m) above the base of the
D-Cross Shale Tongue. The concretions are 1 £t (30 cm) in
diameter, calcareous, and septarian in nature. Ammonites or
brown calcite often are incorporated in the concretions,

The concretions contain Prionocvelus novimexicanus (Marcou)

(see Appendix C), Saaphites sp., Inoceramus sp., and

fossilized wood. BRBurrows in the lower part of the D-Cross
Shale Tongue are characterized by long curved tubes with a
diameter of 1/8 to 1/2 inch (.3-1.5 cm) {(Figure 19). The
outer surface of the bhurrow is smooth to irregular. In the
field, the burrows often break into appréximately 1 inch
(2.5 cm) segments and are generally not related to
stratification. This type of burrow is found only in the
lower part of the D-Cross Shale Tongue of the Mancos Shale
south of Cibola Canyon. A horizon of very fine-grained,
calcareous, sandstone concretions with 3 £t (20 cm)
diameters occurs 28 ft (8.5 m) below the base of the

fossiliferous sandstone marker bed in the D-Cross Shale

Tongue.
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Figure 19. Curved burrows found in lower part of
D-Cross Shale Tongue.
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The fossiiiferous sandstone marker bed in the D-Cross .
Tongue is up to 10 ft (3 m) thick in the study area and is
composed mostly of large concretions, 6 £t (1.5 m) in
diameter. Between the concretions are irregular laminated
sandstones. The moderate yellowish-brown (10 YR 5/4)
sandstones are friable to moderately indurated, very
fine-~grained, moderately sorted, calcareous, and coarsen
upward. Nodules in the marker bhed are dark reddish brown
(10 R 3/4) and are more indurated than the surrounding
sandstone. These nodules are spherical to ellipscidal in
shape and exhibit internal concentric banding. Local
fossiliferous lenses contain Lopha sannionis (White),

Forresteria sp., Baculites vokovamai Tokunaga and Shimizu,

gastropods, and pelecypods. Abundant Fucusopsis (Figure 20)

is present on the upper contact of the marker bed.

The cross-bedding in the surrounding sandstones
consists of medium-scale, wedge- and trough-shaped sets‘of
high-angle tangential cross-beds with erosional and
nonerosional lower contacts. The highest uhit in the marker
bed consists of small- to medium-scale, wedge~shaped sets of
low-angle tangential cross-beds with erosional and
nonerosional lower contacts. Figure 21 shows a paleocurrent
rose diagram -made from the paleocurrent directions collected
from these cross-beds. Some symmetrical ripple marks are

also present.
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' Figure 20. Fucusopsis, Brunton Compass 2.5 inches
(7 cm) .
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Figure 21. Composite paleocurrent rose diagram of

tossiliferous marker bed. Number in

lower right quadrant indicates number
of measurements.
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The upper part of the D-Cross Shale Tongue consists of
medium gray (N 5) shale. The shale coarsens into silty
shale and interbedded sandstones near the top of the tongue.
Concretions in the upper part of the D~Cross Shale Tongue
are calcareous and weather dark yellowish orange ( 10 YR
6/65. Fossils coniained in the upper part include Lopha

sannionis (White), Inoceramus sp,, gastropods, and

pelecypods.

Mesaverde Group

The Mesaverde was described first by Holmes (1877) for
exposures in the valley of Rio San Juan of western Colorado
and northwestern New Mexico. Cross and Spencer {1B54) later
redefined it as a formation. After consulting the U.S.
Geological Survey Allen and Balk (195%4) raised the Mesaverde
Formation to the rank of a group. The Mesaverde Group
consists of from oldest to youngest Gallup Sandstone,
Crevasse Canvon Formation, Point fookout Sandstone, Menefee

Formation, and Cliff House Sandstone,
Gallup Sandstone

The Gallup Sandstone of the Mesaverde Group was named by
Sears {1925) for euxposures in the vicinityv of Gallup, New

Mexico of three massive sandstones. Because of the

intertonguing nature of the Gallup Sandstone with the Mancos
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Shale, regional correlations have been difficult and in the
past these units have been miscorrelated. Molenaar (1973)
correlated the Gallup Sandstone and its tongues by putting
informal letter names on the sandstone tongues. Hook and
others (in press) are now updating these correlations using
the same terminology. The term Gallup Sandstone is used for
the highest marine sandstone below the nonmarine deposits in
the Mesaverde Group. The Gallup Sandstone in the study area
is difficult to distinguish from the overlving Crevasse
Canyon Formation. The lithology of the two units is
similar, with only isolated fossiliferous lenses occurring
within the Gallup Sandstone. The Gallup Sandstone is
present north and south of Cibola Canyon,

The Gallup Sandstone has a gradational lower contact
with the underlying D-Cross Shale Tongue of the Mancos
Shale. The thickness of the Gallup Sandstone in the study
area ranges from 14 ft (4.27 m) to 27 ft (8.23 m). The
Gallup ¢andstone (Figure 22) in the study area consists of
light gray (N 7) to vellowish-gray (5 Y 8/1), friable to
moderately indurated, very fine- to fine-grained, poorly
sorted sandstones. The sandstones contain sparse shale
partings and wood fragments. Local fossiliferous lenses

contain Lopha sannionis (White), gastropods and pelecvypeds,

Cross—-stratification consists of small- and

medium-scale, wedge—~ and tabular-shaped sets of low-angle

tangential cross~beds with erosional and nonerosional lower

contacts. Paleocurrent directions collected from these
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Figure 22 pPhotograph of gradational contact between
the upper part of the D-Cross Shale
Tongue and the Gallup Sandstone,
overlain by piedmont gravel, socuth of
Cibola Canyon

[0 S|
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Figure 23 Composite paleocurrent rose diagram of
Gallup Sandstone. Number in lower
right quadrant indicates number of
measurements,
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cross—beds are shown in Figure 23 as a paleocurrent rose

diagram.
Crevasse Canyon Formation

Allen and Balk (1954) defined the Crevasse Canyon
Formation of the Mesaverde Group, for exposures in a north
fork of Catron Creek about 3 miles southwest of the mouth of
Crevasse Canvon near Gallup, New Mexico. Beds in the study
area correlative with the Crevasse Canvon Formation and are
probably equivalent to the basal Dilco Coal Member of the
C;evasse Canyon Formation. The Dilco Coal Member was named
by Sears (1925) at the Dilco Mine near Dilco, New Mexico.
The Crevasse Canyen Formation is present north and south of
Cibola Canvon.

The Crevasse Canyon Formation in the study area is
unconformably overlain by the Tertiary Baca Formation
(Figure 24)., It has a gradational lower contact with the
underlying Gallup Sandstone, The Crevasse Canyon Formation
in the study area is up to 108 ft (33 m) thick.

The basal units of the Crevasse Canvon Formation in the
study area are very friable, very fine~grained, poorly
Sérted, dark reddish-brown (10 R 3/4) to pinkish-gray (5 ¥R
8/1) sandstones. The sorting improves and the grain size
coarsens upward, Small- to medium-scale, wedge-shaped sets

of low-angle tangential cross-beds are nresent. The middle

unit below the coal seams consists of shales with
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Photograph of Crevasse Canyon Formation
consisting of sandstone and
carbonaceous shale, overlain by
Tertiary Baca Formation, north of
Cibola Canyon.
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interbedded very fine-grained thin laminated sandstones, 4
inches (10 cm) thick. The shales are brownish gray (5 YR
4/1) with abundant carbonaceous material and some fossilized
wood. Abundant lenses of moderate yellow (5 ¥ 8/6)
ferruginous material occur in the shales. Fractures in the
shales are filled by secondary gypsum forming boxwork
structures, The interbedded sandstones are moderately
indurated, very fine- to fine-grained, moderately sorted,
and calcareous.

Two coal seams, 6 inches (15 cm) and 1 foot 2 inches
{35 cm) thick, occur 56 - ft 7 inches (17.25 m) abhove the base
of the Crevasse Canyon Formation. The units abo.e the coal
seams are composad of sandstcones with two interbedded
carbonaceous, light gray (5 YR 6/1) to medium gray (N 5)
shales. The sandstones are gravyish orange (10 YR 7/4),
moderately to well indurated and very fine-grained with
moderate sorting. The interbedded shales are 10 ft (3 m)
and 8 £t (2.40 m) thick. A medium gray (N 5) limestoné bed
occurs 12 £t (3.70 m) above the coal. The blackish red (5 R
4/2) limestone is 6 inches (16 cm) thick. The highest two

sandstones (Figure 25) hoth contain Flemingostrea aff.

prudencia and with Crassostrea soleniscus {(Meek) (see

Appendix C) in the highest sandstone. The lower sandstone
has irregular laminations. South of Cibola Canvyon

straight-crested asymmetrical ripple marks are present.
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Figure 25. Photograph of fossil-bearing sandstone

in the uvper part of the Crevasse
Canyon Formation, north of Cibola

Canyon. Distance between tick marks 4
inches (10 cm).

Figure 26. Photograph of twentyv-five foot long
fossilized log in Crevasse Canvyon
Formation, south of Cibhola Canyon,
Rock hammer 11 inches (27.5 cm) long.



(50)

Fossilized wood is present throughout the Crevasse
Canyon Formation. One log found in the Crevasse Canyon
Formation is 25 ft (7.65 m) (Figure 26) long with its long
axis oriented northeast-southwest. A fossilized stump south
of Cihola Canyon contains fossilized roots that grow in the
stump. Fossilized wood in the carbonaceous shale below the
coal seams contains carbonaceous material with a black (H 1)

color that weathers very pale orange (10 YR 8/2).
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TERTIARY AND QUATERNARY UNITS

BRaca Formation

Wilpolt and others (1946) designated the basal 648 ft
(208.50 m) of Winchster”s (1920) Datil Formation as the type
section for the Baca Formation. The type section was
measured in Baca Canyon near Bear Mountain, Socorro County,
Mew Mexico, TRlston (1976) abandoned the use of the Datil
Formation and separateé it into several formations including
the basal Baca Formation. Gardner (1910) and violberg
{personal communication, 1981) have found several fogsil
teeth that date part of the Baca Formation at Carthage, New
Mexico to be Bridgerian {(middle Eocene) age. The Baca
Formation is exposed along the western edge of the study
area.

The Baca Formation in the study area consists of coarse
unsorted conglomerates, red and gray sandstones, and red to
gray shales (Figure 27). The conglomerates contain abundant
pebbles, cobbles, and houlders of Carboniferous (?)
limestone, Permian (?) sandstones, and quartzites (Wilpolt
and Wanek, 1946). The dark vellowish-brown (10 YR 5/4) to
moderate brown (5 YR 3/4) sandstones are very friable to
moderately indurated, very fine- to fine-grained and
moderately sorted. Two~feet (61 cm)-diameter sandstone

concretions occur in these sandstones. TIronstone

concretions and iron oxide staining is abundant throughout



Figure 27. Photograph of Tertiary Baca Formation
consisting of shale, sandstone, and
cenglomerate, sowth of Cibela Canyon.
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the sandstones. Fossilized wood 1s present and is preserved
by iron oxide minerals. The shales range in color from pale
pink (5 RP 8/2) to medium light gray (N 6).
Cross—-stratification consists of medium scale,
tabular-shaped sets of low angle planar cross-beds with

ncnerosional lower contacts.

Spears Formation

The Spears Ranch Member of the Datil Formation was
initially named by Tonking (1957). Tonking”s type section
was measured near Puertecito, Socorro County, New Mexico.
Chapin {(1871) raised the Spears Ranch Member to formation
status. The Spears Formation is exvosed only north of Palo
Duro Canvon in the study area.

The Spears Formation in the study area consists of a
sandstone that is composed almost entirely of very angular
volcanic debris. The sandstone 1s moderately indurated,
fine~ to coarse-grained, very angular, very poorly sorted,
and is very light grav (M 8). The individual grains consist
of guartz, biotite, hornblende, and lithoclasts of tuff.
Concretions occurring in the Spears Formation have clasts of
highly altered tuff in their centers. The clasts are pale
pink (5 RP 8/2) with phenocrysts of hornblende, feldspar,

biotite, and quartz.



Figure 28.

Intrusive basaltic andeszite dikes along
fault in area south of Cibola Canvon.
Basaltic andesite dikes alsoc in the
background.



(54)

Igneous Intrusions

RBasaltic andesites occur locally as dikes. In the area
south of Cibola Canyon along the southeastern end of the
study area basaltic dikes (Figure 28) are intruded along a
nartheastern trending fault. The Atarque Sandstone and
Carthage Members of the Tres Hermanos Formation are cut out
of the section at this point by the faulting. This is the
largest exposure of hasaltic andesite in the study area.

The aphanitic basaltic andesite is extensively
weathered and altered to yvellow brown wninerals. Feldspar
laths and calcite occur in gas cavities. 7The shale and

sandstone along the dikes are also altered,

Santa Fe Group

Hayden (1869) described the Santa Fe Formation as marls
and conglomerates in the Rio Grande Trough around Santa Fe,
New Mexico. Spiegel and Baldwin (1963) formally raised the
Santa Fe to group status. The Santa Fe Group is mapped
undifferentiated in this study and crops out north of Cibola
Canyon. The Santa Fe Group consists of conglomerates
cemented by calcarecus cement and light red (5 R 6/6)'shales
with sand- to cobble-size clasts. The overall color of the
conglomerates are pale pink (5 RP 8/2). Clasts in the

conglomerate range from sand- to houlder-sized, and are

predominantly limestones and sandstones with some quartzites
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and schists. The Santa Fe Group in the study area
uncenformbly overlies Upper Cretaceous strata with 3 ft 6
inches (1.1 m) of shale, overlain by the conglomerate that

coarsens upward.
Piedmont Gravel

In the area south of Cibola Canyon piedmont gravel caps
the top of the mesa. The piedmont gravel unconformably
overlies Upper Cretaceous strata and is 30 ft (2.14 m)
thick. The bottom 10 £t consists of pale red (10 R 6/2)
loosely consolidated clay. The piedmont gravel consists of
iimestone, red sandstone, and Upper Cretaceous sandstone
clasts of pebble-—~ to cobble-size that cocarsen upward. The

top of the piedmont gravel is cemented bv caliche,.
Alluvium

Quaternary alluvium consists of flat-lying deposits of
red and yellow sand, gravel and mud which are loosely
consolidated. The alluvium occurs as basin £ill in the
vValle del 0Ojo de la Parida. These deposits are derived from
the surrounding Santa Fe Group, Baca Formation, Dockum
Formation, and Upper Cretaceous strata. Recent channels

contain alluvium composed of reworked sediments.



(57)

Colluvium

Active talus slopes and stabilized colluvium are
widespread in the study area. The colluvium is related to
areas capped by the Santa Fe Group and piedmont gravel. 1In
general, these deposits were only mapped where they obscured

geologlic contacts or structure.
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STRUCTURE

Regional Setting

The study area is located along the eastern margin of
tﬁe Rio Grande Rift, bounded by the Aibuquerque basin on the
north, the Los Pinos uplift on the east, and the Joyita
1ills on the west. The structure is ceomplex, reflecting
Pennsvlvanian faulting trends as well as Laramide trends and
Rio Grande Rift related tectonic activity.

The Joyita Hills are a complex tilted horst, hordered
by the west and east Joyita faults z2long the Rio Grande
graben. The Wolfcamp Joyita uplift was a major uplift
centered in the Jovita Hills area and was flanked hy
depasitional basins to the east and west (Kottlowski.and
Stewart, 1970). The Jovita Hills was also a high during the
deposition of the Abo and Yego Formations (Kottlowski and
Stewart, 1970). |

Regional extension and development of the Rio Grande
Rift occurred from 32 m.y. ago to present (Chapin and
others, 1978). The rift began with extension along major
north trending zones of weakness (Chapin, 1976). In the
Socorro-Magdalena =area the rift broadens into a series of
parallel »Hasins and intrarift horsts, hounded by normal
faulting. Post-Baca erosion removed Upper Cretaceous strata

from the surrounding area except in the Valle Del Ojo De La

Parida where it is present todavy (Wilpolt and others, 1946).
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Faulting

All faults in the study area offset Triassic,
Cretaceous and Tertiary strata, and are largely covered by
the Santa Fe Group and Quaternary deposits. Faults in the
study area generally trend northwest or northeast. The
northwest trending faults may be rejuvenated Pennsylvanian
structural breaks (Chamberlin, personal communication,
1981). The faults trending nértheast are normél faults
related to tectonic activity along the Rio Grande Rift. The
northeast trending faults are nearly vertical and the
northwest trending faults dip at relatively low angles.

In the area northwest of the Los Pinos Mountains, there
is a fault trending NA5'E a throw of approximately 370
£t (112.78 m). Most of the Rio Salédo Tongue of the Mancos
Shale, and the Atarque Sandstone and Carthage Members of the
Tres Hermanos Formation are faulted out.. A low angle fault
trends N30°wW (probably dipping southwest) and offsets beds
across strike giving a right-lateral sense of displacement.
The N80 W trending faults are offset by the N45°E treﬁding
fault,

‘In the northwestern end of the area south of Cibola
Canyon a fault trending N1o"wW displaces beds of the lower
part of the D-Cross Shale Tongue of the Mancos Shale against
beds below the coal in the Crevasse Canyon Formation.
Further southeast the Fite Ranch Sandstone Member and part

of the Carthage Member of the Tres Hermanos Formation are
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repeated by northeast trending normal faults. North of
Arroyo los Alamos and Palo Duro Canyon the Twowells Tongue
of the Dakota Sandstone is faulted against the Triassic

pockum Formation.
Folding

The principal fold in the study area is a broad
southerly plunging syncline in the Valle Del Ojo De La
Parida. The folding is probably Laramide (late Cretaceous
. to Eocene) in age. In the area south of Cibola Canyon a
syncline and a flat-crested anticline are present. The
axial trace of the syncline trends N50°E through the
Crevasse Canyon Formation. The northwestern flank is
composed of repeated fault slices of the Fite Ranch
Sandstone Member of the Tres Hermanos Formation. The axial
trace of the anticline is N45°E through the Atarque

Sandstone Member of the Tres Hermanos Formation.
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PETROLOGY

Petrographic Analysis

Petrographic analysis was done using the following
aids; 1) Heinrich {1965) for mineral identifications, 2)
sorting images from Folk (1968), 3) a chart for visual
estimation of roundness from Powers (1953), 4) the thin
sections were stained for potassium with sodium
cobaltinitrite after etching with hvdrofluoric acid vapor,
5) a semiautomatic point-counter was used for percentage of
composition using 500 counts per.thin section. ¥Five hundred
counts ver thin section were dohe to get approximately 400
detrital grain counts. Four hundred grain counts according
to Pettijohn and others, (1973) as shown in Figure A-3
(modified from van der Plas and Tobi, 1965) will give a 95%
confidence level with a precision varying from 1%+ to 4%+ of
the estimations. Results of the point-counting analvsis are
shown in Tables 2 and 3 which form the basis for the
following descriptions of the typical marine and nonmarine
sandstones in the study area and their classification
according to Folk {1974} (Figure 29), The tvpical marine
and nonmarine sandstone were chosen as representive of the

most abundant sandstone lithologies in the study area.
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Sandstone classification (Folk, 1974).
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Description of Marine Sandstones

Chosen as typical marine sandstones are samples
T1-18,I1I-17, and I1I-18. Composition and characteristics
of sample III-18 are very close to the average of all
fourteen thin sections of marine sandétones except for the
lack of any silica cement and a finer average grain size.
The following description of marine sandstone is based only
on these three samples.

Detrital grains average 75% of the rock and range from
§7% to 80%. Quartz averages 77% of the detrital grains and
ranges from 60 to 88%, The quartz occurs as both
monocrvstalline and polvcrystalline, very fine- ko
fine-grained sand grains. The quartz grains are in some
cases embayed by calcite cement. Inclusions of zircon and
tourmaline occur in some quartz grains. Feldspars averade
7.3% of the detrital grains and range from 6 to 10%.
Potassium feldspafs are mostly microcline and average 3.3%
and range from 3 to 4% of the detrital graiﬁs. Plagioclase

feldspars average 4% and range from 3 to 6% of the detrital

D

grains. Alteration of the feldspars is moderate and is

i

mostly to clay minerals. Lithic fragments occur mostly as
chert with trace amounts of volcanic clasts., Chert averages
12.7% and ranges from 4 to 25% of the detrital grains.
Accessory minerals are zircon, white micas, tourmaline,

hematite and magnetite,
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3% and range from trace to 5% of the detrital grains.
Plagioclase feldspars average 3.7% and range from 2 to 5% of
the detrital grains. Alteration of feldspars is abundant,
mostly to calcite and clay minerals. Lithic fragments occur
mostly as chert. Chert averages 25% and ranges from 22 to
28% of the detrital grains. Accessory minerals are zircon,
white and dark micas, magnetite, hematite, and glauconite
occurring in trace amounts,

Cement averages about 6% and ranges from 0.0 to 12% of

the rock. The cement is typically silica cement {averaging

b
jos

5.5% and rang

¢ from a trace to 12%, Most of the silica

cement occurs as syntaxial rims on quartz grains, Some

g\,:

cherty silica occurs as a precipitate in previdusly open
pores. Pore space averages 132 and ranges from 6 to 21% of
the rock., The lack of argillaceous lithic fregments here
again is probably related tc the Formation of pseudomatrix,
Matrix averages 13% and ranges from 6 to 21% of the rock.

On the average sorting is poor and grains are subangular.
Summary

The marine sandstones contain more abundant
polycrystalline quartz grains, Alteration of feldspars is
greater in the nonmarine sandstones, The typical nonmarine
sandstones contain twice as many chert grains. Cement in
the nonmarine sandstones is siliceous but is calcareous in

the marine sandstones. The tyvical marine sandstones are
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better sorted than the typical nonmarine sandstonss,
Clay Mineral Analvsis

Clay mineral analysis of shales was done to; 1)
identify the clay minerals cof the samples by X-ray
diffraction, 2) determine the relative proportion of the
clay mineral components in each sample, 3) plot variations
in types and relative proportions of c¢lay minerals with
respect to stratigraphic position, 4) determine if
variations found can be used to aid in interpreting
depositional envivonments. Carroll”™s (1970) paper on X-ray
iaentification of clay minerals is used as the basic
reference for the clay mineral analvysis of this study.

Twelve revresgsentative shale samples were collected fronm
the Upper Cretaceous shales in the study area. Samples as
fresh as possible were collected and put in plastic sample
bags and sealed.‘ Samples in the lab were crushed to 1/16
inch diameter grain size and disaggregated in a beaker of
distilled water. Whole rock slides were made by grinding
the sample with a mortar and pestle and sieving with a 200
mesh sieve., All samples flocculated and were boiled in EDTA
to remove any carbonates present in the samples. Oriented
clay slides were prepared from gravity settled clay
fractions less than 8u and 2u. The 8u slides were made to
check for detrital feldspars and the removal of carbonates.

Three slides of each sample were made of the less than 2u
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fraction and run on the X-ray diffractometer under the'
following conditions; 1) air-dried, 2) glycolated for two
hours at Gd)C, 3) after heating for two hours at 350°C anad
550°C.

The slides were scanned from 2° to 40° 208. The -
following instrumental settings were used to obtain the

diffraction patterns:

Radiation/Filter Cu/Ni
Kilovolt/Milliampere 40/20

Counts per second 2500 or 5000
Standard deviation 3%

Time constant 0.1 or 0.2 seconds
Slits 1 -4 -1

Scan rate 2%/minute

Chart drive 1" /minute

Interpretation of the x-ray diffraction patterns show 1
that the samples contain significant amounts of kaolinite,
mixed layer clays, illite, and discrete montmorillonite;
chlorites are absent. Quartz is also present in sigﬁificant

amount but will not be discussed further.

The method used to calculate the relative proportions %
of clay mineral components has been modified from Johns and .
others (1954) by Austin (personal communication, 198l1). The
method is based on the peak height rather than the peak area

and compares the relative proportions of each clay mineral

with the total amount of clay minerals present,

Calculations are performed following the formulas below.

T = Ih + Kl
I = Ig/T
K = K1/7T
M = Mg/4/T

Mx = Ih/T - I - M

T = total clay minerals present
Th = heated illite, peak height at 10 A
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K1 = kaolinite, peak height at 7.15 A
Ig = glycolated illite, peak height at 10 A
Mg = glycolated montmorillonite, peak height at 17 A

I = calculated proportion of illite

M = calculated proportion of montmorillonite

Mx = calculated proportion of mixed-laver clays
K = calculated proportion of kaolinite

The calculated proportions are in percentage but are
reported as parts per ten. Following the recommendations of
Austin and Leininger (1976), results are reported to only
one significant figure. Heated samples after removal from
the furnace rapidily absorb moisture and this can lead to
approximately a 10% loss in peak height and concentration.
This however was not considered in this analysis,

Table 4 shows the variations of the vroportions of clay
mineral components as a function of sample number and
stratigraphic position. Samples 1-2 are from the lower
tongue of Mancos Shale (Eml) and samples 3-4 are from the
Rio Salado Tongue of the Mancos Shale (Kmr). Sample 5 is
from directly above the first coal seam in the Carthage
Member of the Tres Hermanos Formation (Ktc). Sample 6 was
collected above the second coal seam in the Carthage Member.
Samples 7-10 are from the D~Cross Shale Tongue of the Mancos
Shale (Kmd). The remaining samples were collected from the
C;evasse Canvon Formation (Kc); sample 11 from directly
" below the coal seams, and sample 12 from above the coal
seams.

Lateral variations of clav mineral assemblages have

been used to aid in interpretation of depositional

environments, particularly in the transition from marine to



Sample
Number‘
10
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4.13 2.38 2.25 1.50
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TABLE 4

Mx

=3

[ %3]

2

Open Marine

Mo

2
e

5

Strata

Kmd
Kmd
Kmd
Kmd
Kmr
Kmr
Kml

Kml

Marginal Marine -~ Nonmarine

Sample
Munber
12
11
6
5

ave,

Clay mineral components vs.

in parts per ten.

K Mx
1 3
4 2
4 3
4 2
3.25

K~ Xaolinite

1

1

Mo

1

2.50 1.00 1.00

Strata

Ke

Ke

Ktc

Ktc

Mx- Mixed-laver Clays
I- Illite

Mo- Discrete montmorillonite
Environment of Deposition,
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nonmarine depositional environments. Parham (1966)
discusses the general trend of clay mineral assemblages with
respect to depositional environmeﬁts compiled from the
results of various workers. However direct comparison of
the results of this study with the trends found by Parhanm
(1966) is difficult due to the difference in c¢clav mineral
speéies which were studied.

Pryor and Glass (1961) did a study on the
Cretaceous-Tertiary clay mineralogy of the Upper Mississippi
Embayment., They determined that clays deposited in the
fluviatile environment are dominantly kaolinite, those
deposited in the inner neritic environment are composed of
nearly equal amounts of kaolinite, illite, and
montmorillionite, and those in the outer neritic environment
are dominantly montmorillonite. The clavy minerals in the
neritic environment are similar to the mineralogv of the
shales in this study.

In a study of modern river sediments, Brown and Ingram
(1954) found a cdecrease of kaolinite and an increase of
nixed~layered clays downstream especially at the mouth of
the river and the head of the estuary. Brown and others
(1977) in a study of Middle Pennsylvanian deltaic deposits
found that the transition from marine to nonmarine
depositional environments correspcnds with a decrease in
illite and an increase in kaolinite and mixed-lavered clavys.
The trend of increasing kaolinite inland, indicated by these

two studies is also supported by the same trend observed by
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Parham (1964),

The trend of increasing kaolinite and mixed-layer clays
inland is not seen in this study. The lack of this trend
may be due to the lack of continental and fluvial deposits
in the study area. Montmorillonite is generally more
abundant in shales below the Tres Hermanos Formation in the
study area. Tllite is less abundant in the marginal marine
to nonmarine shales of the Carthage Member of the Tres
Hermanos Formation and the Crevasse Canyon Pormation than in

marine shales of the study area.
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Coal

Coal Exposures

The thickest exposure of coal in the study area is in
the Crevasse Canyon Formation, north of Cibola Canyon. The
coal in the Crevasée Canyon Formation is laterally
cénﬁinuous in the study area. The coal thins south of
Cibola Canyon to one seam 6 inches (15 cm) thick. Two thin
coal seams are ewvposed in the Carthage Member of the Tres
Hermanos ¥Yormation north of Cihola Canvon., The cocal in the
Crevasse Canyon Formation is exposed in an open slope mine
in § 1/2 section 17, T. 1 N., R 2 E. Darton (1923) shows a
coal mine on his cross-section of Cihola Canvon and a list
of fossils collected by T. W. Stanton as being from ahove
the Garcia y Goebel mine northeast of Socorro., -Dut no
positive correlation can be made with this mine and the one
found in the study area. The mine in the study area was
catalogued by the Abandoned Mine Land Program of the New
Mexico Bureau of Mines and Mineral Resources,

In the mine the coal seams are 6 in (15 cm) and 1 ft 2
in (30 cm) thick and are separated by 1 ft (20 cm) of sandy
carbonacecus shale (Figure 30 A). The mine is 15 ft (4.5 m)
wide, 60 ft (18.30 m) deep with a 20O - 25O siope. A 13,000
cubic-ft waste pile (65 ft x 40 ft x 5 ft) is present and
consists of coal and shale (Figure 30 B). Two hundred vards

(182.88 m) southwest of the mine is a trench prospect 15 ft

(4.16 m) wiﬂe and 25 ft (7.62 m) long and with a 6 ft (1.85
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Photograph of Crevasse Canvon Formation
coal heds in area north of Cibola
Canyon; A) Adit, coal beds dipping at
16 , B) Tailings pile.



rn) headwall., Two small pit prospects were also found in the

Crevasse Canvon Formation south of Cibola Canyon.
Chemical Analysis

Chemical analyses of the coal were done by Hazen
Research Inc. for the New Mexico Bureau of Mines and
"Mineral Resource’s Ccal Group. Coal from the Crevasse
Canyon Formation and the two coals in the Carthage Member of
the Tres Hermanos Formation were analyzed and are listed in
Table 5. The coals are fairly high in ash but show good

calorific value.
Fconomic Potential

The exposures of coal on the Sevilleta National
Wildlife Refuge are thin and show no great thickening to the
south in the Jornada del Muerto coal field (Tabet, 1%79).
FExploration drilling, especially to the west of the Upper
Cretaceous exposures north of Cibola Canyon, might be
carried out to determine if the coal thickens in the
subsurface; however faulting in the area may pose a
problem.

The Sevilleta Grant now being a national wildlife
refuge, is maintained in a totally natural state with.no
improvements of any kind allowed. This would make any
mining or exploratior activity difficult, and with the
thinness of the coal probably would not be worth

undertaking.
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INTERPRETATION OF DEPOSITIONAL EMVIRONMENTS

Depositional environments are interpreted based on: 1)
litholegy 2) paleonoctogy, 3) sedimentary structures, 4)
paleocurrent directions, 5) stratigraphic relationships.
The approach of this study is to compare these
characteristics with established criteria for recognizing
marine and nonmarine depositional environments, Because of
the limited exposures in the studv area most lateral
variations of the strata cannot be determined. However,
variations where found in the study area are conzidered.
The interpreted depositional environments are hased only on
the evidence present in the study area.

Deposition during the Upper Cretaceous in New Mexico

occurred in transgressive-regressive cvcles with minor

units (Massingill, 1979 angd Molenaar, 1973). Figure 31
shows the major transgressive-regressive cycles found in the
Upper Cretaceous Series in New Mexico and 1is compared to the

generalized stratigraphic section.
Dakota Sandstone

The lower sandstone in the Dakota is characterized by
moderately to well-sorted sandstone that fines toward. The

sandstone is extensively bhioturbated and contains abundant

shale partings, wood fragments, carbonaceous material, and
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MARINE NONMARINE

Vs
/ .

TRANSGRESSIVE/
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Figure 31 . Transgressive-regressive cycles iu Upper Cretaceous
compared to generalized stratigraphic column of

study area,
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local pebble conglomerate. The sharp upper contact is
overlain by silty shale that separates the lower and upper
sandstones. The upper sandstone has a similar lithology to
the lower sandstone but is more extensively bioturbated and
coarsens upward,

The Dakota Sandstone in the study area has fealtures
similar to those displavyed by the low energy shelf-beach
profile at Gulf of Graeta, Italy (Reineck and Singh, 1875},
The sequence at the Gulf of Graeta is divided into seven
facies proceeding landward. The shelf-nud contains

axtensive bioturbation with intercalations of storm-silt

nd

&

ayers, laminated and weakly graded. The transition-zone
contains extensively bioturbated, very fine-grained sands
with almost rno primary sedimentation structures. The lower

shoreface contains very fine- to fine-grained extensively

]

hioturbated sands with some laminations. The middle
shoreface contains burrowed sands with some laminations and
ripple cross-bedding. The upper shoreface contains fine- to
nedium~grained crogss~bedded sands with minor bioturbhation
and laminations. The foreshore contains laminated sands
with heavy mineral concentrations. The most shoreward
facies is the eolian sand dunes containing cross-bedded
sands with plant roots. Overall, the grain size and Qave
induced structures increase upward (landward), and
hicturhation decreases upward (landward). These facies
after Reineck and Singh (1975) wiil be used for comparison

throughout the discussion of depositional environments.
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The Dakoté Sandstone in the study area can be
interpreted as being deposited in a nearshore environment
during a period of transgression. The lower sandstone is
interpreted to have been deposited in a middle shoreface
environment with the overlving shale representing an
interval of a minor transgressive-reqressive cycle. The
middle shoreface deposits are indicated by the burrowed
sandstone with some ripple cross-~bedding. The lower
sandstone was probably deposited in a low energv environment
as indicated by abundant wood fragments, shale partings, and

carbonaceous material. The presence of Thalassinoides is an

indicator of a nearshore environment {(Frev and Howard, 1970
and Hantzschel, 1262). The comnlekteness of bioturbation is

a common cnaracteristic of the most seaward of modern low

.

enerqgy shorezone facies (Moore and Seruton, 1957). The

P

uovper sandstone demonstrates aspects of both the lower
shoreface and transition-zone of Reineck and Singh (1975),
and is here regarded as intermediate to the transition-zone
developed in the overlying lower tongue of Mancos Shale.
The lower shoreface deposits are indicated by the
extensively bioturhated very fine- to fine-grained
sandstone., Molenaar (1973) describes lithologically similar
units of lower shoreface deposits in the Gallup Sandsﬁone.
Molenaar”s (1973) sequence consists of generally flat
bedded, very fine- to fine-grained sandg with increasing
grain size upward. Burrows are common to abundant. Owen

(1973} described the Dakota Sandstone of the San Juan RBasin
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Area, New Mexico as coastal-sandstone units.

Lower tongue of Mancos Shale

The basal part of the lower tongue of Mancos Shale
fines upward and codnsists of thin interbedded shales and
sandstones. The sandstones contain fossils, goethite
nodules with pyrite centers, and wood fragments. The middle
part is characterized by gray shales with interbedded thinly

laminated siltstones containing Inoceramus sp. The shale

becomes more silty upward. The upper part of the lower
tongue of Mancos Shale is composed of interbeddec sandstones
and shales, The fossiliferous thin hedded nodular
sandstones coarsen upward.

The »nresence of Calycoceras sp. 1is an indicator of a

shallow-water open marine environment (Landis and others,

1873) and Ostrea beloiti Logan indicates shallow-water of

normal or near normal salinitv (Cobban and Hook, 19881). The

presence of Incceramus sp, 1s also an indicator of an open

water normal marine environment (Sabins, 1963). The lower
part is transitional from the underlving lower shoreface
sands of the Dakota Sandstone. The lower tongue of Mancos
Shale can be interpreted as deposits of a normal
transgressive progression from marine transitional-zone muds
and silts to offshore marine shelf-muds, and back again to
transitional—-zone deposits., The transitional-zone is

ndicated at the hase and top of the lower tongue of Mancos
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Shale by the gfadational change from interbedded very
fine-grained structureless sandstones and silty shales to
open marine shales. Pyrite is known as a diagenetic mineral
in sandstones and implies reducing conditions, presumably
reflecting a deoxygenated environment (Berner, 1964). The
presence of oyrite nodules in the sandstones probably
represents local reduced pockets,

The hasal part of the lower tongue of Mancos Shale was
deposited in Seboveta Bay as indicated by the presence of
Thatcher age fauna (Hook and others, 1980) and represents an

1 |

h

o8

extension of the bay further south and east. Three faun
zones should be found between the ammonites in these beds
according to Cobban”s (1977a) faunal zones. Hook and others
{1980) revort Thatcher age fauna 10 £t (3 m) above the base
of Dakota Sandstone at D Cross Mounbtain, Socorro County, New
Mexico. At D Cross Mountain there is approximately 70 ft
(21 m) of section representing the lower part of the Mancos
Shale that occurs between the Thatcher age fauna and the
Paguate Tongue (Hook and others, 1980). The proximity of
the Oak Canyon Memher and the Paguate Tongue age equivalent

beds in the study area could be caused in several ways.

Faulting could have placed these beds in their current

position. However, there is no evidence of omitted heds or

fault scarps in this section of the studv area. Another
pessibility, though unlikely, is that the proximity of the

index fossils in these beds is because of an axtension in

the range of one or more of the ammonites involved. The



(84)

proximity of the Oak Canvon Member and the Paguate Tongque
age equivalent beds in the study area probably indicates a

disconformity or a veriod of slow deposition,

Twowells Tongue

The Twowells Tongue consists of fine-~ to medium-~grained
sandstones that coarsen and improve sorting upward. The
shale content in the sandstones decreases upward.
Bioturbation occurs in the lower part. The upper part 1is
charactgrized by extensively bicturhated sandstone
alternating with "clean" non-bioturhated sandstone, The top
29 £t (B8.85 m) is a very well-sorted, medium-grained
sandstone, The sandstones are veryv thick bedded with
alternating beds of bioturbated sands at the hase of the
upper part. Marine shales underlie and overlie the Twowells
Tongue.

La Fon (19281) describes the Semilla Sandstone Member of
the Mancos Shale from the San Juan Basin, NMew Mexico as an
offshore ghallow-marine har. The bar facies is described by
La Fon (1981) as a silty-sandstone lower bar facies with
extensive burrowing, and a cross-bedded sandstone upper bar
facies. The lower facies contains abundant shale partings
hut very few are present in the upper facies.

The Twowells Tongue is transitional from the underlyﬁnq
open marine lower tongue of Mancos Shale, It has

characteristics similar to other barrisr sandstones as



{85)

3, and Campbell

described by Molenaar (1974), Cotteii!
(1971), but is conformably overlain by marine shale instead
of lagoonal deposits as seen in progradéng barrier island
sequences. The Twowells Tongue can be interpreted as a
offshore shallow marine bar. The Twowells Tongue has a
lithologically similar sequence to La Fon’s (1981)
interpretation of the Semilla Sandstone Member except that
the cross-bedding is missing in the upper vart and is
probably due to uniform composition and diagensis. The
lower part of the Twowells Tongue can be interpreted as
lower shoreface deposits as indicated by the extaensively
bioturbated, fine-grained sandstones. The upper part can be
interpreted as middle shoreface deposits as indicated by
burrcwed and bioturbated sandstones that coavsen upward and
the decrease in shale partings upward. The lack of
sedimentary structures in the Twowells Tonque is compatible
with the massive portion of a marine bar (Convbeare and
Crook, 19268). The "clean” non-bioturbated sandstones mav
represent upper shoreface deposits that have been reworked
hy wave action but show no cross-hedding due to the
homogeneity of the sandstones, The coarsening near the top
of the bar 1s consistent with shallower-water deposition
caused by building-up of the bar. Dane and others (1971)
and Landis and others (1973) intervret the Twowells Tongue
regionally to be an extensive, offshore, shallow-water bar.

sandstone.
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This occurrence of the Twowells Tongue raises a
question as to its presence in the study area. The Twowells
Tongue is presant at Puertecito, New Mexico and pinches out
at Riley, New Mexico (Massingill, 1979). The Twowells
Tongue is not present at Carthage or the Jornada del Muerto
coal field (Hook and others, in press, and Tabeb, 1979),
Three possible explanations are offered here for its
occurrence in the study area. The first is that the unit is
actually just a lentil in the Mancos Shale and has very
similar lithologic characteristics to the Twowells Tongue.

The second explanation is that the shoreline locally
changes orientation. In the study area a change in the
orientation of the shoreline is indicated in the lower
tlancos Shale Tongue by the occurrence of Thatcher age fauna
extending Hook and others” (1980) Seboveta Bay. A change in
the orientation of the shoreline is also indicated by the
change in lithology and thickness of the Atarque Sandstone
Member of the Tres Hermanns Formation within the study area.
The extension of Hook and others” {(1980) Seboyeta Bay into
the study area may have influenced the Late Cretaceous
shoreline during the deposition of the Twowells Tongue, The
third explanation is that the interpreted offshore bar was
oriented so that it passed through the study area and not
through the Upper Cretaceous exposures mentioned above., A
north-south orientation of the offshore bar may be indicated
by the change in thickness and lithology of he Twovells

Tongue south of Cibola Canvon, The lack of Upper Cretaceousg
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outcrops surrounding the study area makes it difficult to

resolve this guestion.

Rio salado Tongue

The basal part of the Rio Salado Tongue consists of
gray shales with interbedded fossiliferous siltstones and
calcarenites., The remainder of the Rio Salado Tonque is
cemposed of silty shale with local calcarecus concretions,
Rio Salado calcarenite;, similar to those found in the Juana
Lopez Tonaue of the Mancos Shale in the San Juan Basin, mavy
have been deposited during a pericd of widespread shoaling
in which there was little clastic influx (Hook and others,

in press). The presence of Incceramus sp. i3 an indicator

of open water normal marine environment (Sabing, 19632). The
Rio Salade Tongue of the Mancos Shale can he interpreted as
having heen deposited in the transitional-~zone and marine
shelf-mud environments as indicated by the transition from
interbedded calcarenites and siltstones to marine shales.
The Rio Salado Tongue is overlain by regressive sandstones
and nonmarine deposits. This represents a change from
transgression to regression of the sea in the study area.

The source of the sandstone dike in the Rio Salado
Tongue north of Cibola Canvon isg probably related to the
surrounding shale or the overlving Atarque Sandstone Member
of the Tres Hermanos Formation., The underlyving Twowells

Tongue of the Dakota Sandstone consists of medium-grained,
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very well-sorted sandstones making it an unlikelyv source for
Y C Y

the fine-grained dike; however, the sandstone dike is not

seen to be connected to the Atargue Sandstone Member.

Atarque Sandstone Member

The lower contact of the Atarque Sandstone Member is
transitional with the underlying Ric Salado Tongue of the
Mancos Shale. ™The Atarque Member consists of cross-hedded
sandstones that coarsen upward. Shale partings and wood
fragments are present in the upper part. The thickness of
the Atarque Member varies laterally between 11 ft (3.4 m)
and 421 £t (12.2 m). The area scuth of Cibola Canvon

contains fossil-rich lenses. The oygter Crassostrea

soleniscus (Meek) is the dominant invertebrate fogsil and ig

most abundant in the lower lenses. 7Th

D

upper lenses contain
dominantly vertebrate fossils, shark teeth being the most
abundant.

bavies and others (1971) at Galveston Island, Texas
found a distinctive vertical sequence of sedimentary
features. They subdivided the sequence from bottom to top
into four distinctive units. The lower shoreface sediments
were deposited seaward of the break in slope and consist of
interbedded, bioturbhated, very fine~grained sands, silts,
and clavey silts which reach a thickness of 6 ft (1.8 m).

The middle shoreface sediments were deposited overlving and

shoreward of the lower shoreface sediments. Theyv consist of



(89)

10 ft (3 m) to 30 £t (9 m) thick, very fine-grained sands
which are extensively bioturbated and have rare sedimentary
structures and shale partings; The beach-upper shoreface
sediments accumulated gradationally above the middle
shoreface and consist of very fine- to fine~grained, well
laminated sands with planar cross-lamination. The 3-10 ft
(1-3 m) - thick sénd contains-spérse burrows with lécally
abundant shells. Eolian sediments cap the Galveston barrier
and consist generally of cross-laminated sands.

The environments of deposition can be interpreted as
- barrier-beach to lagoonal-estuarine. The lower part is
interpreted as being deposited in a barrier-beach
environment. Evidence to support this includes‘l)'
transition from underlying open marine shale, 2)
cross—-bedding in the basal part, 3) coarsening of grain size
--upward;-and 4) the presence of overlying nonmarine -
sediments. The cross-bedded eolian facies of Davies and
others (1971) .is absent in the Atarque Member, and the upper
shoreface is poorly developed if it is present at all. The
shoréline was probably very digitate and embaved as
indicated by the ranges in the thickness and variation of
the shoreline sandstone units (Hook and others, in press) .

.The. upper unit represents a lagoonal-estuarine
environment. A lagoonal environment is indicated by
deposits of very -fine-grained, cross-bedded sandstones. The
cross-bedded sandstones suggest tidal influence in the

- lagoon. . Pritchard (1967) defined an estuary as "a
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semi~enclosed coastal body of water which has a free
connection with open sea and within which sea water is
measurably diluted with fresh water derived from land

drainage." The presence of Crassostrea soleniscus (Meek)

indicates a brackish water environment when found as the
sole fauna (Hook, personal communication, 1981). A warm
shallow-water environment is indicated by the abundance andgd
varieties of fauna. The teeth of Ptychodus are well adapted
for feediné on benthic mollusks (Wolberg, personal
communication, 1981). The presence of the abundant broken
shells may be caused by shark feeding. Manv of the shark
species reported from the study area are related to species
found in warm shallow~water environments today (Wolherqg,
personal communication, 1681). The vresence of freshwater
fish bones, turtle carapace fragments, reptilian vertebrae,
and crocodile teeth suggests an estuarine environment with a
nearby freshwater source. The fossil-rich lenses were
probably deposited as lag deposits in scours. Rose diagrams
of the Atarque Member show a bimodal pattern with bipolar
modes oriented approximately north and south (see page 28)
suggesting tidal influences. Reineck and Singh (1975)
report that small-scale cross-bedding is commonly produced
by current ripples on tidal sand flats. The origin of the
cross-beds in the upper part of the Atarque Member is
probably due to tidal influences and indicates an east-west
shoreline in the study area. Regionally Hook and others (in

press) interpreted the Atarque Member to have been deposited
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along a relatively low energy shore with tidal currents

being an important depositional process.

Carthage Member

The lower part of the Carthage Member consists of

shales with interbedded sandstones. The middle part forms a
cyclic sequence. The base of the cvelic sequence consists
of cross-—lamiriated sandstone with local lenses of the oyster

Crassostrea soleniscus (Meek). The next unit is composed of

sandstone that contains fossgsilized wood and beiow, a thin
coal seam, abundant carbonaceous material. The coal is
overlain by carbonaceous shales that contain rip-up clasts
and plant fragments. The cvclic seqguence is capped by
cross~bedded sandstones. This cvclic seguence is then
repeated and overlain by carbonaceous shales and interbhedded
carbonaceous sandstones. Tha upper vart of the Carthage
Member is composed of grav shales that are transitional with
the overlying marine sandstones of the Fite Ranch Sandstone
Member of the Tres Hermanos Formation.,

Lagoonal deposits are characterized by the
interlavering of lagoon mﬁds, sand derived from the barrier
island, and sediments derived from the land. The sand
layers of a lagoon may exhibit wave ripples on bedding
surfaces and internally are either horizontally laminated or
wave-ripple cross-laminated. Lagoonal deposits may be

extensively bioturbated, and may contain veat, oyster reefs,
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abundant shells, or evaporites (Dickinson and others, 1972
and Reineck and Singh, 1975). Berrvhill and others (1962)
report that lagoonal sediments generally occur as organic

and calcareous muds which interfinger with barrier-island

+

sands; the fauna is less diverse than that of the open sea

and unbroken shells are abundant. Subaqueous shale and

siltstone deposits are commonly characterized by brackish

water macroinvertebrate shells (Berrvhill and others, 1969).
Lagoonal environments are composed of many interrelated

subenvironments such as lagoonal pond, tidal flats along the

margins of the lagoon, washover fans, and distal splavs.
Various workers recognize these subenvironments hased on
their geometry, vertical succession, and other criteria
listed below. Lagoonal ponds accumulate gray to brown
shales and siltstones with some burrows and brackish water
oysters. Tidal flat deposits are silty shales and sands
with some small-scale ripple cross-bedding. Thin,
lenticular, ripple-bedded to structureless sands are
characteristic of both distal splavs and washover fans.
Distal splay deposits are poorly sorted, fine- to

medium~-grained sands. Washover fan deposits are

well-sorted, medium~grained, weakly laminated sands. Gaffke
(197%) describes washover deposits from the Upper Cretaceous
Williams Fork Formation as a laver of abundant hroken oyster

shells (Crassostrea) in sandy mudstone. The mudstone grades

upward into fine-grained, planar laminated sandstone.

Disseminated carbonaceous material and imprints of plant

v
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remains are common in some shale beds, indicating the
interfingering of proximal marsh and subaqueous laqéonal
environments {Reinson, 1¢80).

Reinson (1980) describes characteristics similar tg
those described above in the Carthage Member as occurring in
a lagoonal environment including 1) thin coals usually
accunulating on sands along the lagoonal margins, 2)
washover sheet sand deposits, 2) sheet sands of Flood-tidal
origin and 4) fine-grained facies that include those of
subagueous 1agoén and tidal flats., Stahilization by marsh
vegetation on washover flats can lead to the development of
very thin coal lenses overlying organic-rich sandstones
{Reinson, 1980).

The Carthage Member can bhe interpreted as having been
deposited in a shallow lagoonal-swamp environment. The
cyclic part of the Carthage Member can be interpreted as
marsh-tidal flats deposits associated with a lagoonal
environment. Evidence to support this includes 1)
transition from the underlying barrier-beach deposits of the
Atarque Member of the Tres Hermanos Formation, 2)
interhedded silty shales and sandstone with some small-scale
cross-~bedding, 3) organic~-rich chales, 4) abundant
fossilized wood, and 5) lenses of broken brackish water
oyster shells., The fossiliferous sandstone that occurs
below the first coal seam has a vertical sequence similar to
the washover deposit described by Gaffke (197%8) as indicafed

by shales grading upward into very fine- to fine-grained,
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laminated sandstones and capped by a layer of abundant

broken Crassostrea. Coal was probably developed on

stabilized washover flats as indicated by the underlying
organic-rich sandstone. The cross—-bedded, fine- to
medium~grained sandstone above the coal seams may represent

a tidal delta but cannot be fully recognized because of lack

of exposures. Masters (1967) describes a tidal delta with
similar characteristics as cross-bedded sandstone with

bipolar orientation implying tidal current movement. A

tidal delta is indicated by the abrupt change from
carbonaceous shales to cross-bedded sandstone. The abundant
fossil wood in this sandstone suggests quick burial. Lower
sulfur content in the coals (see Table 5 page 77) suggests a
greater influence of fresh versus marine water (Stach and
others, 1975). Paleocurrent data from the cross-bedded
sandstone is bimodal with bipolar modes and may represent
tidal influences. The above described environments could
also be found in a tidal dominated delta complex similar to
the Niger Deltaras described by Oomkens (1974).

The upper part of the Carthage Member is usually

deposited as a marine shale (Hook, personal communication,
1980) , but the change from nonmarine to marine shales in the
study area cannot be determined. Regionally Hook and others
{in press) interpreted the Carthage Member as having been

deposited on a broad, very low-relief coastal delta plain.
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Fite Ranch Sandstone Member

The Fite Ranch Sandstone Member can be divided into two
lithologic parts. The lower thick to very thick bedded
bioturbated part and the upper cross-bedded, fossiliferous
part. Sandstones in the lower part locally contain
carbonaceous mate#ial and shale partings. The upper part is
composed of fossiliferous fine-grained, moderately sorted
sandstones with wood fragments, skeletal fragments, and
carbonate apatite-bearing replacement nodules of pelecypods
and gastropods}

Sequences of sediments which accumulate during
transgressions are generally thin and consist primarily of
deposits of the shoreface, nearshore, and offshore marine
environments (Blatt and others, 1972). Bridges (1976)
describes a barrier island in a transgressive sequence from
the Silurian as consisting of 1) lagoonal deposits at the
base, 2) barrier island sand deposits and 3) open marine
deposits, with the barrier sands being thinner than in
regressive sequences. This general sequence is found in the
Fite Ranch Member except for an interval of possible marine
shales in the upper part of the Carthage Member.

The Fite Ranch Sandstone Member of the Tres Hermanos
Formation is dominantly composed of prograding coastal
sandstones that were deposited during a period of
transgression. The Fite Ranch Member accumulated during a

transgression as seen by the underlying lagoonal deposits of
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the Carthage Member and the overlying open marine deposits
of the D-Cross Shale Tongue of the Mancos Shale. The

presence of Thalassinoides indicates a nearshore

environmenfg The lower part is interpreted as lower
shoreface deposits as indicated by thick to very thick
bedded, extensively bioturbated sandstones. The
completeness of bioturbation is a common characteristic of

the most seaward of modern low energy shorezone facies

{(Moore and Scruton, 1957). The upper part is interpreted as
middle to upper shoreface deposits as indicated by 1) wedge-
and tabular-shaped sets of crossbeds, 2) fossil material and
3) the overlying open marine shales. The Fite Ranch ﬁember
has a vertical sequence and characteristics similar to those
describéd by Davies and others (1971) (see page 88) except
the capping cross-bedded eolian facies is absent and the
upper shoreface is poorly developed if it is present at all.

Lopha bellaplicata (Shumard) is thought to be an open

marine oyster (Hook and others, in press). 1Its presence in
the top of the Fite Ranch Member is indicative of the
transition into the open marine environment of the D-Cross
Shale Tongue of the Mancos Shale. Regionally Hook and
others (in press) interpreted the Fite Ranch Member to be a
coastal barrier sandstone associated with the overlying

transgressive D-Cross Shale Tongue of the Mancos Shale.
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D-Cross Shale Tongue

The lower part of the D-Cross Shale Tongue is composed of
gray shales with fossiliferous sgseptarian concretions. The
basal part consists of fossiliferous calcarenites and
calcareous shales. Calcarenites in the Juana Lopez Tongue
of the Mancos Shale in the San Juan Basin may have been
deposited during a period of widesgspread shoaling in which
there was little clastic influx (Hook and others, in press)
and may be the origin of the Juana Topez equivalent bheds in
the study area. The lower part of the D-Cross Shale Tongue
was deposited during a transgression into an open marine
environment as indicated by the transition from the
barrier-beach deposits in the underlving Fite Ranch
Sandstone Member of the Tres Hermanos Formation to open
marine shales,

Scaphites warreni Meek and Havden and Prionocvclus

wyomingensis Meek suggest Juana Lopez equivalent beds in the

study area are correlative to the upper part of the Juana

Lopez Member (Dane and others, 1966). Dane and others

(1966) reported that the thickest bheds normally occur near

the top of the member as massive calcarenite beds and are

i
i
1
i
{

most common in areas where the member is abnormally thin.,
The upper unit of the Fite Ranch Sandstone Membher of the

Tres Hermanos Formation contains Lovha bellaplicata

(Shumard) which indicates an age older than the Juana Lopez

Member (Hoock, personal communication, 1981). Nodules as
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replacements of gastropods and pelecypods also occur in this
unit and contain carbonate apatite.

rhosphatized internal molds of bivalves and ammonite
chambers have been associated by Hook and Cobban (1981la)
with an erosional surface at Carthage and in the Bridqe‘
Creek Limestone of the Colorado Formation in the Cooke’s
Range of southwest New Mexico. BRBetween the lower contact
and the base of the uppeﬁ part of the Juana Lopez Member
there is approximately 100 ft (30.48 m) of section at its
reference section. The proximity of the top of the Tres
Hermanos Formation and upper Juana Lopez age ecuivalent beds
in the study area indicates a disconformity or a period of
slow deposition in the study area. There is no evidence of ‘ 3
faulting in this section and extension of the faunal ranges
used seems unlikely.

The fossiliferous sandstone marker bed in the D-Cross

shale Tongue can be interpreted as a shallow-water offshore

bar deposit. This origin is indicated by 1) the transition

from the underlving open marine shale, 2) cross-bedding in

the lower part, 3) an upward increase in grain size and

sorting, and 4) open marine shale above the bar. The

sequence being underlain and overlain by open marine shales

is important in distinguishing it as an offshore bar

sequence. The vpresence of Lopha sannionis (White) indicates

a shallow-water or nearshore environment (Hook and Cobhban,
1981b). The lower part represents lower shoreface deposits

as indicated by the gradational change from the underlying
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transitional-zone deposits up into  the cross-hedded
sandsﬁones. The upper part represents middle shoreface
deposits as indicated by burrowed, cross-bedded sandstone.
Paleocurrent data from this unit is bimodal with two modes
that are roughlv bipolar (see page 42). The east-west
bipolar modes probably represent longshore current
influences.

The upper part of the D-Cross Shale Tongue is composed
of silty sﬁales and coarsens upward into interbedded
sandstones near the top of the tongue. The upper vart is
overlain by coastal sandstone and nonmarine beds. The uoper
part is interpreted as having been depvosited in a shel f-mud
to transiticonal-zone during a period of regression as
indicated by open marine shales that are gradational into

interbedded sandstones and siltstones.
Gallup Sandstone-Crevasse Canvon Formation

The Gallup Sandstone is gradational into the Crevasse
Canyon Formation. Because of difficulty in distinguishing
them from each other, they will be considered together when
interpreting their depositional environment. The lower part
of the Gallup Sandstone~Crevasse Canvon sequence consists of
very fine- to fine-grained sandstones gradational with the
upper part of the D-Cross Shale Tongue of the Mancos Shale.
Sorting increases and the grain size coarsens upward.

Locally cross-bedding, concretions and fossiliferous lenses

.
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occur.

The middle and upper parts of the Gallup
Sandstone—~-Crevasse Canyon sequence consist of carbonaceous
shales, coal seams, and interbedded fine- to medium-grained,
very poorly sorted to well-sorted carhonaceous sandstones.
Locally ripple marks occur. Individual sandstone bheds
contain rip-up clasts and shale partings. Thin ironstone
heds and ironstone concrétions with cone-in-cone structures
are present below the coal seams. Fossil wood is present
both in the sandstones and the shales. A 4-ft (1.20
m)-thick sandstone occurs above the coal seams, and contains

the brackish water ovsters Crassostrea soleniscus {Meek) and

Flemingostrea aff. prudencia,.

The Gallup Sandstone-Crevasse Canyon sequence can be
interpreted as a barrier-beach to lagoonal-swamp sequence,
The lower part can be interpreted as having been deposited
in a barrier—-beach environment. Evidence to support this
includes 1) transition from the'underlying open marine
shale, 2) wedge and tabular cross-bedding, 3) coarsening of
grain size and improvement of sorting upward and 4) the
presence of overlying nonmarine sediments. This sequence is
similar to the one described by Davies and others (1971) at
Galveston Island except for the absence of the cross-bedded
eolian facies.

The middle and upper part of the Gallup
sandstone-Crevasse Canyon sequence can be interpreted to.

have been deposited in a lagoon to coastal-swamp

.
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environment. Evidence to support this includes 1)
transition from underlving barrier-heach deposits, 2) local
variations in thickness and lithologv, 3) poorly-sorted,
very fine-arained sandstones in the basal part, 4)
organic-rich shales with coal deposits, and 5) hrackish
water ovster beds. A swamp environment is also indicated by
the presence of ironstone concretion beds with cone-in-cone
structures. TIronstone concretions imply a paludal origin
(Pettijohn, 1975). The presence of cone~in-cong structures
" and hematitic beds implies a carbonate association, as
cone-in-cone structures normally develop only on muddy
carbonates which are, in part, ankeritic or sideritic
(Pettijohn, 19275).

Coal deposits in the Crevasse Canvon Formation occur in
a coastal-swamp environment at the top of a bavfill
sequence, Bayfill sequences have been described by Horne
and others (1980), Roehler (1977), and Gaffke (1979).
Gaffke (1979) describes a cyclic hayfill sequence from the
Williams Fork Formation as 1) shale revresenting lagoonal
bay deposits, 2) thin beds of wavy-laminated siltstones and
sandstones representing distal splays, 3) deposits of coal
representing a swamp environment, formed on the partially
£illed lagoonal bav and 4) the coal is overlain abruptly by
sandstone representing distal splays. This sequence is very
similar to the one found in the study area. 1In the Crevasse
Canyon Formation the abundant carbonaceous shale below the

coal represents the transition from the lagoonal hay to

.
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coastal-swamp environment., The
oysters in the sandstones above

resurgence of the lagoonal pond

presence of brackish water
the coal represents. a

(havy).




(103)

SUMMARY AND CONCLUSTONS

Detailed geologic mapping of Upper Cretaceous strata in
the Sevilleta Grant shows more than 1300 ft (400 m) of
Cretaceous strata from the Dakota Sandstone to the Crevasse
Canvon Formation. The Upper Cretaceous strata rest
unconformably on the Triassic Dockum Formation and are
overlain unconformably by the Tertiary Baca, Spears, and
Santa Fe Formations. Structurally the study area is a
southerly plunging syncline and anticline along the eastern
edge of the Rio Grande Graben bhetween the Joyita Hills and
the southern end of the Los Pinos Mountains.

Depositional environments of the Upper Cretaceous
strata were interpreted using lithology, paleontology,
sedimentary structures, and paleocurrent directions.  The
Dakota Sandstone consists of two fine~grained, moderately
sorted, bioturbated sandstones separated by 17 feet (5.2 m)
of silty shale. The Dakota Sandstone is interpreted as
having been deposited in a littoral environment during a
period of transgression.

The lower tongue of Mancos Shale is composed of silty,
gray shale with interbedded calcareous sandstones. A
sandstone in the basal part contains the ammonite

Conlinoceras gilberti Cobban and Scott (Thatcher age) and is

the age equivalent of the Oak Canyon Member of the Dakota
Sandstone. Two feet above this sandstone is another

lithologically similar sandstone that contains Ostrea
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beloiti Logan, Plesiacanthocerces wvomingense Reagan and is

the age equivalent of the Paguate Tongue of the Dakota
Sandstone. The proximity of these bheds compared to their
reference section indicates a possible disconformity or a
period of slow deposition in the study area. The lower
Mancos Shale was deposited in a transitional zone from
nearshore and into an open marine environment. The presence
of Thatcher age fauna exéends the southeastern edge of
Seboyeta Bay into the studv area.

The Twowells Tongue of the Dakota Sandstone consists of
fine- to medium-grained, well-sorted, bioturbhated sandstone.
The Twowells Tongue is interwreted as having been deposited
as a shallow offshore marine bar. The occurrence of the
Twowells Tongue in the study area is not fully understood,.
The occurrence of the Twowells Tongue in the study area can
be explained in three ways, 1) the Twowells Tongue is
actually just a lentil in the Mancos Shale with very similar
lithologic characteristics to the Twowells Tongue or, 2) it
occurs because of a local change in the orientation of the

T,ate Cretaceous shoreline, or 3) the offshore bar itself is

oriented so that it passes through the study area. The lack

of exposures of Upper Cretaceous strata surrounding the
study area makes it difficult to resolve this question.

The Rio Salado Tongue of the Mancos Shale is composed
of silty shale with interbedded calcarenites and calcareous
sandstones, The hasal part of the Rio Salado Tongue is age

eguivalent to the Bridge Creelk Limestone Member of the

F
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Mancos Shale and the presence of Pycnodonte newberrvi

(Stanton) indicates an age of late Cenomanian to early
Turonian. The Rio Salado Tongue was deposited in an open
marine to transitional zone into nearshore environment,

The Atarque Sandstone Member of the Tres Hermanos
Formation consists of very fine-grained, moderately sorted,
calcareous, cross-bedded sandstones. The Atarque Member
varies laterally and is interpreted as having been deposited
in a barrier-beach to lagoonal<estuarine environment.

The Carthage Member of the Tres Hermanos Formation
_ congists of nonmarine sandstones, shales and two thin coal
seams, The Carthage Member 1is interpreted as having heen
deposited in a lagoonal environment,

The Fite Ranch Sandstone Membher of the Tres Hermanos
Formation is composed of fine-grained, bioturbated

sandstones., The highest unit contains Lopha hellaplicata

(shumard) and carbonate apatite-bearing replacement nodules
of gastropods and pelecypods. The Fite Ranch Member is
interpreted as having been deposited as a barrier-beach
sequence during a period of transgression.

The D-Cross Shale Tongue of the Mancos Shale consists
of silty shales divided by a fossiliferous sandstone.marker
bed. The basal part of the D-Cross Shale Tongue contains
upper Juana Lopez equivalent beds indicated by Scanhites

varreni Meek and Hayden and Prionocvclus wyomingensis Meek.

A disconformity at the top of the Fite Ranch Sandstone

Member in the study area is suggested by the age difference

g
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between these beds and the top of the Fite Ranch Sandstone
Member, and by the presence of carbonate apatite-bearing
replacement nodules. The marker bed contains Coniacian age

fossils (Lopha sannionis (White), Forresteria sp., and

Baculites vyokovamai Tokunaga and Shimizu). This marker bed

is interpreted as an offshore marine bar underlain and
overlain by open marine shales.

The Gallup Sandstone-Crevasse Canyon seqguence ig
composed of fossiliferous sandstones overlain by nonmarine
shales and sandstones with a 1 foot (30 cm) thick coal seam.
. The Gallup Sandstone~Crevasse Canyon seguence 1s interpreted
as having been deposited in a barrier-beach to lagoonal
environment.

Petrograpnhic analysis indicateg that the nonmarine
sandstones contain more chert, and the marine sandstones
contain more polycrystalline quartz grains and are better
sorted, Clay mineral analysis vields an-aséemblage of
kaolinite, illite, montmorillonite, and mixed-laver clavs.
When compared with the interpreted depositional environments
kaolinite is most abundant in open marine environments.
Montmorillonite is more abundant in shales helow the Tres
Hermanos Formation and illite is less abundant in marginal
to nonmarine shales.

‘The coal in the study area is thin, though fairly high
in ¢alorific value and low in sulfur. Reing located on a
national wildlife refuge makes any drilling or mining highly

inprobable.
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Suggestions for Further Work

Further work in the studv area may prove useful in
specifically defining the depositional environments,
particularly of the Atarque Member of the Tres Hermanos
Formation and Crevasse Canyon Tormation. A detailed study
of the Atarque Sandstone Member is needed to determine the
exact extent of the depositional environments related to the
shark teeth-rich lenses and shell-rich beds. A
palechotanical study might provide additional information on
. depositional environments. South of the studv area and the
Sevilleta Grant, Upper Cretaceous strata are exposed and are
probably in the Crevasse Canvon Formation. A more detailed
study of the Crevasse Canvon Formation in the study area
might prove useful in determining if there is anv coal
present in the subsurface to the south and if it thickens to

any extent.
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APPTHNDIX A

Description of measured sections

A1l shale units due to their ease of weatheving

partlv covered in flat topographic areas. Areas where the

shale euposures are verv poor are described as mostly
covered in the measured sections. Meters are in

parenthesises,

Symbol
Rock

ss
sh
sls
cong

Color

wh.

v. pale or.
gr. or.

dr. vel. or.
pale yel. or.
pale pink
mod. or. pink
gr. or. pink
gr. red

bl, red

mod. red
dusky red

lt. br.

pale br.

pale vel. br.
lt. o1, br.
mod. yel. br.
mod. br.

mod. red br.
dr. red br.
dr. vel. br.
gr. br.

pale ol.

mod. vel.
dusky vel.

Abbreviations Used

Meaning

sandstone
shale
siltstone
conglomerate
limestone

white

very pale orange
grayish orange

dark vellowish orange
pale vellowish orange
vale pink

moderate orange pink
gravish orange nink
gravish red

blackish red

moderate red

dusky red

light brown

pale hrown

pale vellowish brown
light olive brown
moderate vellowish hrown
moderate brown
noderate reddish hrown
dark red brownish
dark vellowish brown
grayish hrown

pale olive

moderate yvellow

dusky vellow

are




gr. vel.

yel qgr.

1t. ol. gr.
ol. gr.

1t. bhr. gr.
pinkish gr.
br. gr.

ve Lt. gr.
lt. gr.

med, lt. qgr.
med, gr,
med. dr. gr.
gr. bl.

Induration

wlind.
mod, ind.
fri.
viri.

(123)

gravish vellow
vellowish grav
light olive grav
olive gray

light brownish grav
pinkish grav
brownish grav
very light grav
liaht grav

medium light gray
medium gray
medium dark grav
gravish bhlack

well indurated
moderately indurated
friable

verv friahle

Mean Grain Size of Sandstones

vogrn.
cgrn.
mgrn,
fgrn.
vifgrn.

Abundance of
vcal.

cal.
slcal.

very coarse-grained
coarse-grainad
medium-~grained
fine-qgrainad

verv fine-grained

Carbonate Minerals

very calcareous
calcareous
slightly calcareous

Abundance of Carbonaceous Material

abncarb.
carb.
spcarb.

abundant carbhonaceous
moderate carhonaceous

material
material

sparse carbonaceous material

Sedimentary Structures

crbd,
tab.

rl.
tang,.
sol,
cr-hd.
cr-lam.
l.

eros.
nonexros,

cross—-bedded
tahular

planar
tangential
solitary
cross-heds
cross-lamination
lower

erosional
nonerosiocnal




Abundance of Fossil

vios,
fos.
slfos.

Miscellaneous

abn.
hd.
CIns.
frag,
interbd,
lam.
med.
mod.
nod.
2ndy.
s1.
ST,
5P.
tk.
tn.
v.
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Material

very fossiliferous
fossiliferous
slightly fossiliferous

abundant
hed, bheddead
coarsensg
fragment
interbedded
lamination
medium
moderate, moderatelv
nodular
secondary
slighlty
small
sparsely
thick

thin

very
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Section 1

Becker SW 7 1/2 minute quadrangle, & 1/2, socC. 17, m. 1 N.,
R. 2 ., Socorro County, New Mexico; measured June 23-26,
1980, by B. Raker using a Brunton compass and a Jacoh staff.
cection covers interval from lower tongue of Mancos Shale to
the top of Crevasse Canvon Formation.

Unit Descrintion mhickness

Pt. Tn.

1-112 sh, med. gr. 13 1
(A.00)

1-111 ss, med. br., wlind,, vfgrn. to fqrn., ? -
mod. sorted, vfos.: FTlemingostrea aff, (.60

prudencia, Crassostrea soleniscus (Mesk)

1-110 ss, gr. or., mod. ind,, vigrn., nod- 2 8
sorted, fos.; Flemingostrea aff. nrudencia (.80

1-109 sh, med. gr., crns, upvard 7 7
{(2.3M

1-108 ss, gr. or., vfri., mod. sorted, nodules, 2 8
fos: Tleminfostrea aff. nrundencia {.80)

1-107 sh, med. gr., top 10 cm. carb. 1.0 2
: (3.10)

1-106 &3, ar. or., mod. ind., mod. asorted - 8
(.20

1-105 ls, med. gr., wea. bl. red - f
(.16

1-104 ss, gr. or., mod. ind., vigrn., mod- - 10
sorted (.29

1-103 sh, lt. br. gr., interbd., ss 1 in. (2 cm) 7 7
tk., carbh. (2.30)

1-102 ss, pale br., wea. pinkish gr., vfri., 3 3
vfgrn. to fgrn., poorly sorted, carb., ' (1L.0M

rip-up clasts, sh partings

1-101 coal, 2ndy gypsum 1 2
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sh, lt. br, ar,, abncarb., 2ndy gvpsum 1 -
‘ (.30)

coal, 2ndy gypsum - A
(.1%)

sh, Lt. br. gr., abncarb., pt. wood, vel. 1 10
stained {.55)

sh, med, gr,, iron nodules 3,

(1.0%)

ss, vel, gr., mod. ind., vfgrn. 1 -
(.30)

sh, 1t. hr. gr., carb. - 10
(.25)

sh, med, gr., siltv 1 -
{.20)

ss, pinkish ar., fri., fgrn., mod- 3 5
sorted, vecal,. (1.058)

ironstone, dusky red, cone-in-cone - 1
(.03

ss, pale vel. or., med. ind., vfagrn., - g
mod. sorted, cal. (.15

sh, br, ar., siltv to sandy, local 5 4
sg lenses (L.50)

sh, Yt, br. gr., gilty to sandy, pt. - 8
wood, vel. stained (.19)

sh, br. gr., silty - 8
(.19)

sh, l1t. br. gr., abncarb., pt. wood, vel, - 8
stained (.20

sh, 1t. gr., silty, fines upward 10 6
{(3.20)

ss, pale pink, vfri., fgrn., mod. sorted 1 11
{.58)

ss, v. 1lt. or., vfri., fgrn., well-sorted 4 5
{1.50)

ss, wh,, vfri., fgrn., mod. sorted 4 3
(1.30)

ss, pinkish gr., vfri., fgrn., mod. sorted 5 7
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ss, gr. red, vfri,, fgrn., mod. sorted

ss, vinkish gr., vfri., fgrn., mod. sorted
ss, dr. red br.,, viri., vfgrn. to farn.,
noorly sorted

ss, gr. vel,, viri,, vfgrn., poorly sorted

s3, dr. red br,, vfri., vigrn. to fgrn.,
poorlv sorted

Rase of formation

Total thickness of Crevasse Canvon Formation
107 £t 6 in. (32.76 m)

ss, vel. gr., vifri., vigrn. to fgrn.,

1
ss, gr. or., mod, ind,, vigrn. to fagrn.,
poorly sorted
ss, v. lt. gr., mod. ind., vigrn. to farn.,
poorly sorted

Rase of formation

Total measured thickness of Gallup Sandstone
27 ft. 8 in. (3.45 m)

sh, med. gr., cal.
ss, v. lt. gr., vfri., vifran., well-
sorted, concretions, 6 in. (50 cm) dia.

sh, med. gr., silty to sandy

sh, med. gr., cal., wood frag,

(1.70)

f

(.20

(1.1

(.21)
(.10)

‘(.70)

12
(4.00)

=
4

T(1.75

1 1

0
)

0

(2.70)

46

a

(14.26)

10
(3.20)

15
(4.80)

30
(9.21)

h

7

3



1-69

1-68

1-67

1-66

(1.28)

ss, vel, or., mod. ind., fgrn., mod- - 8

sorted, tn. lam. (.20

ss, vel. br., fri. to mod. ind., vfgrn., 9 6

mod. sorted, crbd: med.~scale wedge~ and (2.90)

trough-shapevd sets of hi.-angle tang.

cr-bd. wih eros. 1. contact, nodules,

ripple marks, horz. burrows, unit made

of v. large 5 ft. 4 in. (1.6 m) dia.

concretions, marker hed, fos;

Lopha sannionis (White)
gastropods, pelecypods

sh, Lt. ol. gr., crns. unvard, fos; Lovha 26 3

sannionis (White), pelecvpods (8.00)

sh, med gr. 139 -

, . (42.31)

partly covered, prohably sh. 35 -
(10.64)

calcarenite, med. gr., wea. dusky vel., - 6

fos:; shark teeth, Inocervamus frag., (.15)

Prionocvclus wyvomingensis ileek

Lopha lugubris (Conrad)

sh, l1t. ol. gr., silty, cal. 1 -
(.20

calcarenite, med. gr., wea dusky vel., - 4

fog; shark teeth, Inoceramus frag., (.10)

Scaphite warreni Meek and Havden,

Prioncyclus wyoningensis Meex

Lopha lugubris (Conrad)

sh, 1t. gr., silty, cal. 1 2
{(.35)

Rage of tongue

Total measured thickness of D-Cross Shale Tongue of Mancos Shale

1-60

316 ft 4 inches (96.44 m)

ss, vel. gr., viri., fgrn., well-sorted, - 8
cal., carbonate apatite nodules (.20)
ss, pale vel. br., wea. dr. vel. br., : 1 4

wlind., fgrn., well-sorted, biotur.,
inclined burrows, spfos: Topha bellaplicata
(shumard)




Total measured thickness of 7

1-45

1-44

(129)

8s, v. lt. gr., vfri., fagrn., mod-
sorted, red stained

ss, gqr. or., fri., frgn. to cgrn., poorly
-sorted, abn. wood frag., horz. hurrows
spfos; shark teeth, shell fraq.

ss, pale ol., fri., vfgrn. to €farn.,

poorly sorted, cal., med. bd.

ss, Ausky vel., fri.,, vfgrn. to fqrn.,
poorly sorted, cal., med. ba.

ss, dr. vel., or., fri., vfgrn. to farn,,
poorly sorted, sh partings, biotur.,
wood frag., horz. burrows

~

i

ss, 1t. gr., vfri., vigrn., mod. so
abn. concretions; med. 1lt. agr., 2 f
(70 cm} dia., cal.

ted,

Base of member

1
of Tres Hermanos Formation
66 £t (20 m)

partly covered, vprobably sh to siltv sh
sh, med. gr., interbd. ss, 1-9 in.

(2-15 cm) tk.

sh, br. gr., carb., vel. stained, pProsecnt
sh, med. gr.

partly covered, probabklv sgh

ss, dusky vel., vfri. to fri., vfgrn.,
mod. sorted, med. to tn. bd., carb.

sh, gr. vel,

£s8, gr. vel., fri., fgrn., well-sorted,

carb.,, spcal.

sh, med. gr., carb.

t. 4 in.,

1 3
(.40

5 11

(1.80)

26 A
(8.00)

10 10
(3.30)

te Ranch Sandstone Member
S

13 -
(3.95)
15 9

(4.30)

1 8
(.50)

7 7
(2.30

30 f
(9.30)




(130
sh, gr. vel., siltv to sandy

88, gr. or., mod. ind., vfgrn., well-

sorted

sh, interbd ss, gr. or., mod. ind., well-
sorted, woori frag., med,., hd.,

sh, med. gr., silty

ss, nale vel. or., fri., fgrn. to marn.,
mod. sorted, crhd; med,-scale, tah,-
shaped sets of low-angle pl. cr~bd. with
eros. 1. contact

sh, 1t. gr., siltv to sandvy

ss, lt. gr,, fri., vigrn., mod. sorted,

carb.

coal

s8, gr. bl., abncarh.

partly covered, probably sh to vfri. ss
partly covered, probaly viri. ss

$s, gr. vel., fri., fgrn. to mgrn., poorlv-
sorted, pt. wood, med. to tk. bd.,

crbd; med.-scale, tab.- and wedge-shaved
cosets of low-angle pl. cr-bd. with eros,
1. contact

sh, lt.gr., silty, carb., rip-up clasts
coal
ss, gr. bl., fri., fgrn., poorlv sorted,

adncarh,

ss, pale yel. gr., vfri., fgrn., mod - ‘
sorted, pt. wood, carb. top 1 in. (2 cm)

ss, pale yel. or., viri., fgrn., mod. sorted,
sh partings, v. tn. bd., ahn. Crassostrea




21

18

(131)

soleniscus (Meek) float

-

ss, gr. vel., wea. dr. vel., br.,, mod. ind., -
vigrn., mod., sorted, crhd; sm.-scale, tah,

shapad sets of low-angle pl. cr-lam. with

eros, 1. contact

sh, med. gr. 2
calcarenite, lt. gr., wea. gr. br., sncal. -
sh, med. gr. 4
ss, mod. red, fri., fgrn., mod. sorted, 1

tk. lam., crbd; med.-scale, tah.-shaned
sets of low-angle pl. c¢r-lam. with noneros,
1. contact

sh, med. 1t. qr., silty 7
Pase of member

Total measured thickness of Carthage Member
of Tres Hermanos Formation
152 ft. 10 in. {(45.96 m)

ss, gqr. or., fri., vfgrn.,, mol. s A
tn. bhd., crhd: sm.~ to med.-scale, trot
to tab.-shaped cosets of low- o hi.-

angle tang., cr-hd. with eros. 1. contact

ss, pale vel. or., wea. gr. br., fri., 5
fgrn., mod. sorted, tn. bd., vios;

Crassostrea soleniscus (Meek), crhd;

med.-scale wedge-shapaed sets of low-angle

tang. cr-bd, with eros, 1., contact

ss, gr. or., viri., fgrn., mod., sorted, 2
v, tn. bd., fos; Crassostrea . soleniscus
(Meek)

Base of member

Total measured thickness of Atarque Sandstone Member
of Tres Hermanos Formation
10 ft, 6 in. (3.20 m)
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sh, med. lt. gr., concretion zone ' 172 6
4% ft. 8 in. (13.90 m) ahove bhase, cal., (52.80)

1 ft. 4 in. {40 cm) dia., ss dike,
T ft. (30 cm) tk.

hentonite, wea., v. pale or., - 3
(.08)

sh, 1lt. ol. or., siltv, interhd. 20 3
calcarenite, fos; Inoceramus sp. {(6.168)

sh, 1t. ol. gr., interbd sls, 1lt. br. a 4

(2.90)

sh, vale br., interbd calcarenite, gr, or. 1o 9
(6.00M

partly covered, probably sh 28 3
(3.00M

calcarenite, gr. or., vfios; ' : - 4
Tnoceramnus sp. (.10)

sh, gr. or., interbd calcarenite, spfos; 21 -
Inoceramus Sp. (6.40)

partly covered, probhahly sh 26 3
{(8.00)

ss, dusky vel., vfri., vigrn., fines to 21 -
silty sh, ol. gr., interbd calcarenite, (6.40)

tn. lam., fos;
USGS Mesozoic fossil locality D L0261
Pycnodonte newberrvi (Stanton)

Base of tongue
g

Total measured thickness of Rio Salado Tongue of Mancos Shale

1-7

317 ft. (96.64 m)

ss, wh., wea. v. lt. gr., vfri., mgrn., 28 10
v. well-sorted, horz, bhurrowed, v. tk, bd, {B.80)
2ndy silica veins :

ss, wh., wea. lt. gr., vfri., mgrn., 19 3
well-sorted, abhn. biotur.,, burrowed at base, {5.8%)
2 ft. (60 cm) tk., alternating with

ss, wh., wea. gr. or., vfri., fgrn, mod-

sorted ‘

ss, lt. br., vfri., fgqrn., tk. bd. 4 7
(1.4



l-4  ss, gr. or., vfri., vfgrn. to fgrn., 12 A

mod,. sorted, med, bd, (3.80)
1-3 ss, v pale or,, vfri., fgrn., weoll- 1.0 4
sorted, med, hd, (5.90)

Base of tongue

Total measured thickness of Twowells Tongue of NDakota Sandstone

34 £t, 6 in. (25.75 m)

1-2 sh, lt. ar., interhd. ss, vel. ar., fri., 3 3
fgrn., crns. uoward, tn. hd,, nod, {(4.1%)
1-1 sh, br. gr., silty A a

{12.3%)

Total measured thickness of lower tongus of Mancog Shale
54 ft. 2 in. (16,50 m) ‘

Faulted agianst Triassic Dockum Tormation

]
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Section IIX

La Jova 7 1/2 minute cquadranagle, SE 1/2,

R. 2 E., Socorro Countv, New Mexico; mea

by B. Baker using a Brunton comwass and
Section covers interval from Rio Salade
Shale to ¥ite Ranch Sandstone Member of
Formation.

sec., 30, 7. 1 M.,
sured July 16, 1980,
a Jacoh staff.
Tonque of the Mancos
the Tres Hermanos

Unit Descrintion Thickness
rt. Iin.
: Top of section covered
2-21 ss, v. lt. ar., fri., vfqgrn., vell- 5 11
sorted, biotur., horwz. bhurrows, thk. bd., {(L.80)
vel. stained
2-20 ss, lt. gqr., vfri., vigrn., mod. sorted, 5 4
carb., vel. stained {(L.50)
2-19 ss, 1t. gr., viri., vigrn., well-sorted, G 7
qr ., vir 9
carb., vel. stained, tn. bd. (2.00

Base of mambher

Total measured thickness of Pite Ranch Sandsitone Menmber

of Treg Hermanos Formati

On.,

15 ft 2 inches (5.40 m)

2-18 sh, br. gr., siltv to sandy, concretions 10 )
1 ft. (20 c¢m) dia., wea. gr. bhr. (3.20)
2-17 sh, br. gr., silty, interbd., ss, 6 6
v. 1t. gr., mod. ind.,, vigrn., well- (1.98)
sorted, tk. lam., 1 ft. (30 cm) tk.
2-16 ss, v. 1t. gr., vfri. fgrn., well-sorted 5 4
(L.60)
2-15 partly covered, probably ss, nt. wood 7 10
(2.40)
2-14 ss, v. pale or., fri., fgrn., poorly- ‘ 1 3
sorted, sh vartings, biotur. (.40)
2-113 . lam. 2 7

sls, pinkish gr., mod. sorted, tk




2-6

(1L358)

ss, gr. or., viri., vfgrn., well-sorted,
abn, bhiotur,

partly covered, prohbahly ss
ss, vel. ar., fri., vfgrn. to fgrn.,
partly covered, probably sh

ss, gr. or., fri., fgrn., poorly sorted,
tn. bd., cal.

sh, lt. ol. gr., carb. ton 1 ft. 8 in.
(50 cm)

Base of member

Total measured thickness of Carthage Menmber
of Tres Hermanos Formation
50 ft 2 inches (15.30 m)

ss, vel, gr., viri., vfgrn. to fgrn.,
mod, sorted, tn. hd., alternating with
ss, vel. gr., mod. ind., fgrn., well-
sorted, 4 in. (10 c¢cm) tk,, shell frag,

ss, gr. vel., vfri., fgrn., v. well-
sorted, tn. to tk. bhd., crhd; med.-scale,
wedge-~ and trough-shaped cosets of low-
angle tang. cr-bd., with 2ros. and nonsros.
1. contact, ripple marks

ss, vel. qr., vfri., vfgrn. to fgrn.,
mod. sorted, spcal., crbhd; sm.-scale, wedge-
and tab.-shaped sets of low-angle pl. cr-hd,

(.80)

(LMY
4 11
(1:50)
C(.5%)
9 11
(.90)
(.15)

10 6
(3.20)

10 6
(3.20)

with eros. 1. contact with local lenses of sg,

v. 1lt. gr., wea.gr. br., mod. ind., fgrn.,
poorly sorted, fos; Crassostrea soleniscus
(Meek) .

sh, med. gr., silty, crns. upward

ss, wh., fri., vigrn., mod. sorted, cal,
shell frag., crbd; sm.-scale, wedge-

(.72)

and tabh.-shaped sets of low-angle tang. cr-hd.

~




(136)

with eros. 1. contact, alternating
with ss, v. lt. gr., wea. drv. vel. br.,
mod. ind., farn., well-sorted, tn. ha,

Rase of member

Total measured thickness of Atarcue Sandstone Member
of Tres Flermanos Formation.

41 ft 7 inches (12.67 m)

A%

-1 sh, 1t. ol. gr., silty, local ss lenses 21 11
(A.AB)

motal measured thickness of Rio Salado Tongue of Mancos Shale
21 ft 11 inches (6.68 m)
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Section TIIIX

3, ™. 1 N.,
¥., Socorro
Or l-)wr 3., Balker
ection covyers
Shale to the

La Joyva quadrangle 7 1/2 minute, T 1/2, sec
R. 2 E., and NW 1/4, sec 5, 7. 1 8. @R.
Countvy, New Mexcio; measured July 17 19, 108
using a Burnton compass and a Jacoh taff ]
interval from Rio Salado Tonque of the Mancos
Gallup Snadstone.

N .

Unit Descrintion Thickness

LI v In.

3-45 58, v. pale, or., vfri., to fri., fgrn., 11 2
v. poorly sorted, tn. lam., crbhd; sm.- (2.4

to med.-scale, wedge- and tah.-shapned sets
of low-angle tang. cr-hd., with eros. and
noneros. 1. contact

ss, or. pink, vfri., vfgrn., v. poorlv- 7 10
sorted, tn. lam. (2.403)

3~-43 ss, v. pale or., fri., vigrn., mod- 3 3
sorted, concretions S(L.om
(.40 €0 1.00 m) dia., fos; gastronods

3-42 ss, gr. or., vfri., fgrn., v. poorlv- a 10
sorted, sh partings, pt. wood, local (3.00)
abnfos. lenses T,opha sannionos (White),
gastropods, pelecypods

Ragse of formation

Total measured thickness of Gallup Sandstone
32 ft 2 inches (2.8 m)

3-41 sh, ol. qr., cal., spetarin concretions, 120 A
1 £t. (30 cm) dia., crns. upward, fos; (36.73)
USGS Mesozolc fossil localitv D 11206
Proplacenticeras mpseudoplacenta (Hyatt)
Lopha sannionos (White)

3-40 ss, vel. gr., mod, ind., vfgrn., well- 4 3
sorted, tk. lam., crbd; sm.- to med,- (1.30)
scale, wedge~ and tab.-shaped cosets
of low-angle tang, cr-bd. with noeros,

1. contact, local fos. lenses:



3-39

3-38

3-37

3-33

3-31

(138)

Inoceramus sp., Lopha sannionos, (White)

gastropods, concretions 3 ft. 3 in. (1 m),

dia., cal. ss, br. gr., wea., vel br.,
mod. ind., vfgrn., well-sorted, fos.,
some lenses red stained

centers vfos., marker bed

ss, ¢gr. or., wea. pale vel. or., vfri.,
fgrn., poorly sorted, crbd; med.-scale,
wedge- and tab.-shaped cosets of low-
angle tang. and pl. cr-bd. with eros.
and noneros. l. contact

sh, pale br., wea. lt. br. gr., silty,
fos. nod., pectin, gastropod,
alternating ss, 1t. br. gr., fri.,
vigrn., well-sorted, 6 in. (.15 cm) tk.

sh, ol. gr., spetarin concretions,
15 £ft. 8 in. (4.80 m) above base
of unit, pt. wood,fos;
USGS Mesozeoic fossil localitv D 11184
Prioncyclus novimexicanus (Marcou)
Scaphites sp.

calcarenite, med. gr., wea. dusky vel.,
tn. bd.

partly covered, probably silty sh

calcarenite, mod. vel. br., wea. med,
gr., tn. bd., fos;
USGS Mesozoic fossil locality D 11349
Prioncyclus wyomingensis Meek
Scaphites warreni Meek and Haven
Lopha lugubris (Conrad)
Inocermaus sp.

partly covered, probably silty sh

calcarentite, mod. yel. br., wea. med.
gr., tn. bhd., fos:
USGS Mesozoic fossil Jocalitv D 11350
Prioncyclus wyomingensis Meek
Lopha lugqubris (Conrad)
ITnocermaus sp.

sh, lt. gr., silty, interbd. ss, 1lt. ol.
gr., viri., vfgrn., mod. sorted, cal., sh
partings, shell frag.

Base of tongue

18

(.75)

=

(5.65)

195
(59.54)

3

1.

(.10)
(.20)

(.15)

(.35)

(.30)

3
(1.00)
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Total measured thickness of D-Cross Shale Tonque of Mancos Shale
351 ft 3 inches {(104.07 m)

3-30 ss, dr. yel. or., vfri.,vfgrn., mod- - 4
sorted, cal., vios; (.09)
USGS Mesozoic fossil locality D 11351
ronha bellaplicata (Shumard)
skeletal fradg., replacement nod. of
gastropods and pelecypods, shark teeth

3-2¢ ss, mod. or. pink, wlind., fagrn., 1 4
mod. sorted, vert. and horz. burrowed, (.40)
spfos; shark teeth

3-28 ss, lt. gr. or., viri., vigrn. to fgrn., 5 4
poorly sorted, spfos; shark teeth {(1L.601
3-27 ss, gr., or., fri. vfgrn to fgrn., mod- 4 1
sorted, (1.25)
3~-26 ss, v. lt. gr., fri. fgrn., well-sorted 2 7
(.80)
3-25 ss, dr. yel. or., viri., fgrn., mod- 4 11
sorted, locallv crbd., med.-scale, (1..50)

tab.- and wedge~shaped sets of low-angle
tang. cr-bd. with noeros. L. contact

3-24 ss, 1t. o). br., wea. dr. vel. br., mod. 1 5
ind., fgrn. to ecgrn., mod. sorted, (.35)

goethite replacement nod. of pvrite
locally fos; shark teeth, skeltal frag.,
wood frag., shell frag.,

3-23 ss, lt. ol. gr., wea. pale vel. br., 1
wlind., fgrn., mod. sorted, hurrowed (.30)
top., cal,

3-22 ss, pale vel br., vfri., vfgrn. to 14 9
fgrn.,, mod. sorted, abn. horz. burrows, {(4.50)
¢rbd; large-scale, tab.-shaped sets of
low-angle pl cr-bd. with noneros.

1. contact

3-21 ss, dr. yel, br., viri., fgrn. to - 6
mgrn., v. poorly sorted {(.15)

3-20 ss, mod. yel., vfri., vfgrn., mod- 2 10
sorted (.85)

3-1¢ ss, gr. vel., vfri., vfgrn., mod, sorted, 7 7
abn. biotur. (2.30)

3-18 ss, qr. vel., vfri., vfgrn., mod- - 5

-
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sorted, hiotur., carb, (.12)
ss, lt. gr., vfri., vfgrn,, poorly- 7 10
sorted, carb. ' (2.40)
ss, lt. gr., vfri,, vigrn. to fgrn., 1 2
poorly sorted, carb. (3.40)

Base of memnber

Total measured thickness of Fite Ranch Sandstone Memher

of Tres Hermanons Formation
61 -ft (18,60 m)

partly covered, probably sh 13 2
(4.00)

gs, mod, yel, br., fri., fgrn., noorlv- - 10
sorted (.25)

partly covered, probably sh 1 6
(.35)

ss, vel. gr., fri., fgrn,, mod. sorted 2 -
(.60

partly covered, probably sh 5. 4
(1L.60)

ss, pale vel. or., vfri., farn., mod- 4 3

sorted, tn., bd., crbd; med~scale, {(1.30)

wedge- and tab.-shaped sets of low-
angle cr-bd. with eros. 1. contact

partly covered, probably sh 3 7
(1.10)

ss, gr. or., mod, ind., farn., mod- 1 6
sorted (.35)

partly covered, probaly sh and ss 3 3

(1.00)

sls., v. 1lt. gr., well-sorted, biotur. - B
(.20)

wmarly covered, probably ss, pt. wood "7 9
(2.35)

r:””fw;g r Silty - 4




(1.41)

3-3 bentonite -

Bagse of member

Total measured thickness of Cathage Menmber
of Tres Hermanos Formation
43 ft 6 inches (13.25 m)

3-2 ss, yel. gr., viri. to fri., vigrn. 11 2
to fgrn., crns. upward, mod. sorted, (3.40)
crbd: sm.—- and med.,-scale, wedge-
and tabh.-shaped sets of low-angle
pl. cr-hd. with eros. 1. contact
iocal lenses of gs, v, 1t. gr., wea,
dusky vel. br.,fri. to mod. ind.,
mgrn., v. poorly sorted, sh partings,
wood frag., vios;

Crassostera snleniscus (Meek)

Base of member

Total measured thickness of Atargue Sandstone Membher
of Tres Hermanos Formation
11 ft 2 inches (3.40 m)

3-1 partly covered, probably silty sh ' | 10 6
(3.20)

Total measured thickness of Rio Salado Tongue of Mancos Shale
10 £t 6 inches (3.20 m)

3
i
i
i
3
I
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Section IV

La Jova quadrangle 7 1/2 minute, NW 1/4, sec. 5, T. 1 8.,
R. 2 E., Socorro County, New Mexico; measured July 21,
1980, by B. Baker using a Brunton Compass and a Jacob
staff. Section covers interval in the Crevasse Canyon

rormation.

Unit Description Thickness
7. In.
4-13 sh,‘med. gr., crns. upward 11 10
(3.60)
4-12 ss, vel. gr., mod. ind., vigrn., mod- 1 3
sorted, ripple marks ‘ (.40)
4-11 sh, med. gr., crns. upward 1 -
(.30)
4-10 ss, v. lt. gr., vfri., vEqrn., mod- 2 -
sorted, carb. {.60)
4-9 sh, vel. br.,, silty, abncarb. - 4
(.23)
4-8 ss, pinkish gr., vfri., vfgrn., mod- 9 8
sorted, carbh. (2.95%)
47 sh, br. gr., abhncarh, - 4
(.23)
4~5 coal - 6
(.15)
4~5 sh, mod., bhr., silty, abncarb. 1 6
{.45)
4-4 ss, yvel. br., vfri., vigrn., poorly- 2 1
sorted, carbh.,, tn. lam. {.65)
4-3 sh, br. gr. 2 5
(.75)
4-2 ss, mod., br., vfri., fgrn., yel. stained - 6



1

(143)

ss, v. pale or., vfri., vfgrn., mod- 3 3
sorted, concretions : (1.00)

Total measured thickness of Crevasse Canyon Formation
37 £t 1L inch (11.31 m)



(1.44)

Section V

Mesa del Yeso 7 1/2 minute quadrangle, SE 1/4, sec. 5, T. 1L
2 ©., Socorro County, HNew Mexicos: measured July,
by B, Raker using a Brunton COmMPAss and a Jacob
Section covers interval from base of Dakota Sandstone

8., k.
26-31,
staff.
to the

Unit

Crevasse Canyon Formation.

Description

sh, 1lt. br. gr., silty

ss, qr. or., fri., vigrn.to fgrn.,
poorly sorted, sh partings

sh, br. gr., silty

ss, pale vel. br., viri., vigrn.,
noorly sorted, vel. stained

coal

sh, pale br., abncarb., vel. stained,
plant frag.

ss, v. Lt., gr., vfri. to fri., vfgrn.,
well-sorted, v. tn, hd., carb. top

8 in. (20 cm)

sh, pnale br., anbcarb., vel. stained
ss, lt. br. gr., vfri., vigrn., interbd
carb.

sh, br. gr., silty

s, pinkish qr., fri., vigrn., mod-
sorted, carh., tk. lam,

partly covered, probably sandy sh

ironstone, gr. bl., wea. dr. vel. or, to
med. red br.,, cone~in-cone

Thickness
Ft. In.
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5-66 sh, med, dr. gr. 2 10
(.80)

5-65 sh, pale vel. br., silty, interbd., ss, 3 3
vfgrn., 4 in. (10 cm) tk. {(1.00)

5—64' partly covered, prohably sh and vfri. ss 19 -
(5.80)

5-63 ss, gr. or., wea. dr, vel. br., mod., ind., - 10
fgqrn., poorly sorted, tn., bd., cal. (.25)

v. poorlv sorted

5-62 ss, gqr. or., vfri,.,, fgrn. to mgrn., 5 6
(1L.70)

5-61 sh, mod., br., siltv, carb, - 4
{.10)

Base of formation

Total measured thickness of Crevasse Canvon Formation
61 ft. (18.59 m)

5-58 covered interval, probablv vfri, ss | 3 8
(1.10)

5-57 ss, lt. gr., vfri., vfgrn., mod. sorted 13 9
{(4.20)

Base of formation

Total measured thickness of Gallup Sandstone
17ft., 5 in., (5.30 m) .

5-54 sh, med, gr., silty, concrections, 140 -
1 fr. (30 cm) dia. (42.67)

5-55 ss, vel. hr., wea. pale vel. br., wind., - 6
mod. sorted, fgrn., tn. bhd., abhn. horz. {(.19)
hurrows and trails, local fos. lenses;
Lohpa sannionis (White)

5-54 ss, auskv vel., wea., wod. val. br., 3 3

vfri., vfgrn., well-sorted, cal., abn, (1.00)
concretions, 5 ft. 4 in., (1.60 m) dia., wea.
vel. gr., mod. ind,, vfgrn.,, cal.,
marker bed, fos;
UaGs Mesozola fossil locality D 10288
Lohpa sannionis (White)
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Forresrteria sp.
Baculites vokovamai
Tokugmaga and Shimizu

5-53 ss, gr. or., mod. ind., vfgrn., well- 1 -
. sorted, abn. horz. and inclined burrows, {(.30)
cal.

5-52 $s, v. pale or., vfri. to fri., vfgrn., 2 10
well-sorted, slcal., shell frag. (.85)
c¢rbd; sm.- to med.,-scale, wedge-
shaped sets of low-angle tang..cr-lam,
with nconeros. 1. contact

5-51 8s, gr, or., mod. ind., vfgrn., well- 1 -
sorted, nodular {.30)

5-50 sh, pale vel. br., cfns. uoward, interbd. 10 6
ss, 2 in. (5 cm) tk,, carb. (3.20)

5-49 ss, gr, vel,, mod. ind., vfgrn., 1 4
mod. sorted, tn. lam. {.40)

5-48 sh, pale vel. br., crns, upward 8 6

(2.60)

5-47 ss, lt. gr., fri., vfgrn., mod. sorted, 7 1§
shell fraqg. (2,.20)

5~46 sh, 1t. or. br., siltv, septarian 172 2
concretions, 40 ft. (12.20 m) above (52.43)
hase fos; Prioncveclus novimexicanus
(Marcou) concrection 28 ft. (8.5 m)
below fossilierous sandstone, in vfri ss

5-45 calcareinte, vale vel, br., wea. dr, 1 1
vel. hr., fgrn., tk. lam., abnfos; {.33)
Prionocyclus wyvomingensis Meek,

Lopha lugubris (Conrad),
Inocceramus sp.
5-44 sh, med. gr. - 8
(.20)

5-43 calcarenite, pale yel, br., wea. dr. - 6

vel. br., fgrn., tn. lam., ahnfos: (.15)

Prionocvclus wvomingensis Meek,
Scaphites warreni Meek and Hayden,
Lopha lugubris (Conrad),
Inoceramus spP.

Base of tongue
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Total measured thickness of D-Cross Shale Tongue of Mancos Shale
350 ft 7 inches (108.27 m)

5-472 partly covered, ss, carbonate apatite 1 7
. replacement nodules of pelecypods (.50 )

and gastorpods, Tovha bellaplicata
(Shumard)

5-41 ss, gr. or., wea. mod. yel. br., wlind., - 6
fgrn., mod. sorted (.15)

5--40 ss, vel gr., fri,, fgrn., mod. sorted, 7 5
tn. bd. (2.25)

5-39 88, gr. or. pink, wea mod. br., fri., 1 7
fgrn., mod. sorted (.50)

5-38 ss, dusky vel., fri., fgrn., mod. sorted, 7 7
blotur. top, horz. burrows, goethite {2.30)

replacement of pyrite

5-37 ss, or. gr., fri., fgrn., poorly sorted 3 -
(.20)

5-36 ss, v. lt. gr., vfri., vfgrn., well- 5} 11

sorted, purple stained, horz. burrows (2.10)

5-35 $s, gr. or., vfri., vfgrn., poorlv sorted, 1 10
vert. burrows (.55

Total measured thickness of Fite Ranch Sandstone Member
of Tres Hermanos Formation
30 £ft. 4 in. (9.25 m)

Faulted, Carthage and Atarque Sandstone Members missing,
top of Rio Salado Tongue and bottom of Fite Ranch Sandstone
Member also missing.

5-34 sh, med. dr. gr., silty 30 -
(7.00)
Base of tongue
Total measured thickness of Rio Salado Tongue
5-33 ss, med. 1lt. gr., vfri., top 3 ft. 63 -

(90 cm) vfos; Pyvcnodonte (19)
newherrvi (Stanton)

Base of tonque
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Total measured thickness of Twowells Tongue

of the Dakota Sandstone
63 £t (19 m)
5-32 sh, l1t. ol. gr., silty
5-31 bentonite
5-30 sh, med. gr., silty
5-29 sls, v. 1lt. gr.
5-28 sh, ol. gr., silty
5-27 bentonite
5-26 sh, med. gr., silty
5-25  bentonite
524 sh, med. gr., silty
5-23 bentonite
5~22 sh, med. gr., silty

5-21 bentonite

5-20 sh, med. dr. gr., silty, interbd.
fos; Incoreamus sn.

5-19 covered interval probably silty sh

5-18 3ls, 1lt. med. gr.

5-17 sh, v. lt. gr., silty, interbd, sls,
1-2 in. (1 cm) tk., fos; Inoceramus sp,

5*16 S8, th qgr., mod, ind.}‘fgrn., mod-
sorted, bhurrowed top, fos; Ostrea bheloiti

Logan

4

6

(15.70)

1

42

(.07)

(.50)

{(.07)

3

8

3

(12.80)

10

1

15

(.11

4

6

(3.20)

(.05)

(.35)

(.10)

(.20)

(.07)

2

4

8

1

9

(4.80)

9

2

" (2.80)

1

7

(.30)

11
(2.40}

(.10)

4



5-1% sh, med. gr., silty - 9
(.24)
5-14 hentonite - 2
(.06)
5-13 sh, lt. ol. gr., silty, interbd. sls, 16 8
slcal, tn, lam., fos; Inoceramus sp {5.10)
5-12 covered interval, probably silty sh 3 3
(1L.00)
S—li S5, V. pale‘or., fri., vEgrn. to fgrn., - 2
noorlv sorted, fos; {.06)

USGS Mesozoic fossil locality D 11352
Plesiacanthocerces wyvominginse Reagan,
Ostrea beloiti Logan

5-10 partly covered, probably sh - a
(.23)

5-9 ss, vel. gr., mod. ind., vfgrn., mod., sorted, - 2
fos: Ostrea beloiti Logan (.05)

5-8 ss, gr. or. pink, fri., fgrn., mod. sorted, - 7
fog; Ostrea beloiti TLogan (.18)

5-7 ss, vel. gr.,, mod. ind.,, fgrn., mod. sorted, - 3

woord frag., fos; shark teeth, skeletal frag., {.08)
USGS Mesosoic fossil locality D 11245
Calvcoceras (Conlinoceras) gilherti
Cohban and Scott
Ostrea heloiti Logan

5-~6 partly covered, probably vfri. ss, goethite - 10
and goethite replacing pyrite nodules (.25)

Base of tongue
Total measured thickness of lower tongue of Mancos Shale
202 ft. 6 in. (61.72 m)

5-5 ss, v. pale or., mod, ind., fgrn., crns. 3 3
upwardg, mod., sorted, abn. biotur., abn. (1..290)
horz. bhurrows, wh. nodules, forms dip slope

5-4 ss, dr, vel. or., vfri,, fgrn., mod-sotred 2 4
(.70)

5-3 ss, l1t, br. gr., vfri., vfgrn. to farn., 22 -
poorly sorted, interbd. carb. (6.70)

Hh-2 sh, med, dr. gr., silty 17 5

(5.30)
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ss, pale br., mod. ind., vfgrn. to fgrn.,
fines upwards, mod- to well-sorted, abn,
biotur., local pebble cong lenses, abn.
wood frag., carb., ripple marks

Base of formation

Total measured thickness of Dakota Sandstone
53 ft., 8 in. (16.35 m)

5

11

(1.80)
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APPENDIX B

Terminology used for description of
lithology and stratification

Color

Rock colors are taken from GSA Rock Color Chart (1979) and
desribes both fresh and weathered surfaces unless otherwise

~noted:

Abbreviation Color Munsell System
wh. white N 9

v. pale or. verv pale orange 10 YR 8/2
gr. Or. grayish orange 10 YR 7/4
dr. yel. or. dark vellowish orange 10 YR 6/6
nale vel. or. pale vellowish orange 10 YR 8/6
pale pink pale pink 5 RP 8/2
mod. or. pink moderate orange pink 5 YR 8/4
gr. or. pink grayish orange pink 10 R 8/2
gr. red gravish red 5 R 4/2
hl. read hlackish red 5 R 2/2
mod. red moderate red 5 R 4/6
dusky red dusky red 5 R 3/4
1t. br. light brown 5 YR 5/6
pale bhr. vale brown 5 YR 5/2
pale vel. br. pale vellowish brown 10 YR 6/2
1t. ol. hr. light olive brown 5 Y 5/6
mod. vel. br. moderate vellowish brown 10 YR 5/4
mod, br. moderate brown 5 YR 3/4
mod. red br. moderate reddish hrown ' 10 R 4/6
dr. red br, dark red brownish 10 R 3/4
dr. vel. br. dark vellowish hrown 10 YR 2/2
qr. br. gravish hrown 5Y 3/2
pale ol. pale olive 10 Y 6/2
mod. vel. moderate vellow 5Y 7/6
dusky vel. dusky vellow 5 Y 6/4
gr., vel, gravish vellow 5Y 8/4
vel gr. vellowish gray 5 Y 8/1
lt. ol. gr. light olive gravy 5Y 5/7
ol. gr. olive gray 5%Y 3/2
lt. br. gr. light brownish gray 5 YR 6/1
br. gr. brownish gray 5 YR 4/1
pinkish gr. pinkish grav . 5 YR 8/1
v. lt. gr. very light gray N 8

lt. gr. light qray N 7

med. lt. gr. medium light gray N 6
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med. gr. medium gray N 5
med. dr. gr. medium dark gray N 4
gr. bl, "grayish black N 2

Grain size
Grain size of the sandstones using the Udden-Wentworth Scale
(1922) were determined visually by the use of a grain size
chart containing actual grains of each size.
sorting

Sorting of the sandstones were determined visually with the
use of sorting chart from Folk (1968).

Abundances
abundant, very , > 30%
moderate* 30% - 5%
sparse, slightly < 5%

'+ percentage for terms used in Appendix A that have no prefix,
Stratification

Terminology for the strata thickness is from Ingram (1954):

Very thickly bedded >l m,
Thickly bedded 30 - 100 cm,
Medium bedded 10 - 30 cm.
Thinly bedded 3 - 10 cm.
Very thinly bedded 1 - 3 cm.
Thickly laminated .3 - 1 cm.
Thinly laminated " <,3 cm,

Classification of cross-stratified units is modified
from McKee and Weir (1953) and Allen (1963). The scale of
the cross-beds is based on the length of cross—stratuﬁ. The
scale is divided into three parts, small scale less than 30
cm, medium scale .3-6 m, and large scale greater than 6 m.
The shape of a set or coset of cross-beds is described as
tabular-, wedge-, or trough-shaped. The cross-beds are
grouped as either sets or cosets., The shape and angle of
the cross-stratum is described as planar or tangential with

a dip angle of high (greater than 200)-or low (less than
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26’). The thickness of the cross-stratum is described as

bedding (greater than‘l cm), or lamination (less than 1 cm).

The lower surface of the cross-bed is describad as either

erosional or nonerosinal.
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APPENDIX C

valeontology

T

1

AT

b
<7
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Figure C-1. Pycnodonte newberrvi {(Stanton) A-B

(scale in mm) ,Prionocvclus , ‘

novimexicanus (Marcou) C (scale 4

inches (10 cm)), and Crassostrea

soleniscus (Meek) D.



Table C-1l. Shark teeth faunal list.

Class Chondrichthves
Clade Hybodontiformes
Order Selachii
Suborder Ctenacanthoidel

Family Hybobontidei Owen, 184

At
Ch

szodus

Lonchidion Estes, 1964

Suborder Anacoracolidei
Family Anacoracidae Casier, 1947

3qualicorax Whitley, 1938

Squalicorax falcatus (Agassiz),

Sqgualicorax sp.

Oraer Lamniformes
Suborder Lamnoidei
Family Isurideae
Lamna Cuvier, 1817

Lamna appendiculata

Lamna semiplicata Agassiz, 1844

Order Heterodaontiformes

Family Ptychodontidae Woodward, 1912

Ptychodus Agassiz, 1839

Ptychedus whipplei Marcou, 1858

Calde Euselachiformes
Order FEuselachii
Suborder Squatinoidei
Family 3guatinidae Bonaparte, 1838

3quatina sp.



Family Orectolobidae

Brachaelurus

Brachaelurus greeni Cappetta, 1973

Brachaelurus sp.

Cantioscyllium Woodward, 1889

Cantioscyllium decipiens Woodward, 1889

Family Mitsukurinidae Jordan, 1898

S cepanorhynchus Woodward, 1889

Scapanorhynchus texanus (Roemer), 1852

Scapanorhynchus rhaphiodon (Agassiz)

Family Odontaspidae .

Odontaspis Agassiz, 1838

Odontaspis parvidens Cappetta, 1973

Family Cretoxyrhinidae Glyckman, 1958

Cretoxyrhina Glyckman, 1958

Cretoxyrhina sp.

Cretolamna Glyckman, 1958

Cretolamna sp.

Plicatolamna

Plicatolamna arcutata (Woodward)

Plicatolamna sp.

Family Alopiidse Bonaparte, 1838

Paranomo tocaon

Paranomotodon sp.




Order Rajiformes
Suborder Rhinobatoidei
Family Rhinobatidae

Rhinochatos

Rhincbatos sp.

Family 3 clerorhynchidae

Pucapristis Schaeffer, 1963

Pucaﬁ;istis n.sp.
Suborder Pristoideil
Family Pristicdae
Subfamily Granopristinae Arambourg,
Ischyriza Leidy, 1856

Ischyriza mira Leidy, 1856

Ischyriza aconicola Estes (1968)

insertae sedis

Ptychotrygon Jaekel, 1894

Ptyvchotrygon sp.

Suborder Dasvatoideil
Family Myliobatidae Bonaparte, 1838
Subfamily Mylicbatinae

Brachyrhizodus Romer, 1942

Brachyrhizodus sp.

Rhombodus
Rhombodus sp.

Dayatoides sp.

1935



Figure C-2.
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Shark teeth found in Atarque Sandstone

Member; 1 Brachaelurus sp. (x 30), 2

'Brachaelurus greeni {(x 15), 3

Paranomotodon sp. (x 5), 4 Plicatolamna

sp. (x 10), 5 Odontaspis parvidens (x

15), 6 Ptychotrvgon sp. (x 10), 7

Cretolamna sp. (x 7), 8 Saqualicdorax sp.

{(x 5), 9-10 Scapanorhvnchus texanus (x

5, 11 Hybodus sp. (x 15), 12

Ischirhiza mira (x 10), 13 Ischirhiza

avonicola (x 15), 14 c.f. Squatina (x

13).






