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PORVENIR FORMATION (NEW NAME)—
AND OTHER REVISIONS OF
NOMENCLATURE OF MISSISSIPPIAN,
PENNSYLVANIAN, AND LOWER
PERMIAN ROCKS, SOUTHEASTERN
SANGRE DE CRISTO MOUNTAINS,
NEW MEXICO

By ELMER H. BALTZ and DONALD A. MYERS

ABSTRACT

In the Sangre de Cristo Mountains in New Mexico, Precambrian rocks are overlain
at most places by thin sandstone and carbonate rocks of Mississippian age that were
deposited in shallow seas on a widespread erosional surface of low relief.

The Pennsylvanian and Lower Permian rocks of this region are syntectonic deposits
of the structurally deep Paleozoic Rowe-Mora basin which is now mainly the site of
the Sangre de Cristo Mountains; the eastern part of the basin is in the subsurface
of the Cenozoic Las Vegas basin. The mainly marine rocks of the Rowe-Mora basin
thicken northward from about 2,200 ft (670 m) near Pecos to more than 6,730 ft (2,050
m) near Mora. Nonmarine arkoses and red beds of Late Pennsylvanian and Early Permi-
an ages are locally only 300 ft (90 m) thick, but are as much as 3,000 ft (915 m)
thick in the deep parts of the Rowe-Mora basin. In the southern part of the present
mountains, unconformities within the section indicate that intrabasinal uplifts were re-
currently active in Pennsylvanian and Early Permian time; locally, Lower Permian
nonmarine rocks truncate all older sedimentary rocks and lie on the Precambrian base-
ment.

A varied stratigraphic nomenclature has arisen for the mainly marine rocks, which
were originally assigned to the Magdalena Group and were considered to be entirely
Pennsylvanian. Recently completed detailed mapping and biostratigraphic studies in
the Las Vegas-Mora area of the southeastern Sangre de Cristo Mountains provide
a basis for recommending some adjustments and revisions of the nomenclature of the
southeastern part of the mountains. This revised nomenclature retains, where possible
and useful, the previous terminology, and also reflects regional classifications based
on both lithologic and biostratigraphic data acquired in the last 25 years.

Pre-Pennsylvanian rocks are referred to the Espiritu Santo Formation and the overly-
ing Tererro Formation that, together, constitute the Arroyo Peiiasco Group. This group
is tentatively assigned entirely to the Mississippian.
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The use of the term Magdalena Group is discontinued in the southeastern part of
the mountains. To the north, where mainly marine rocks of Pennsylvanian age have
not been subdivided, the Magdalena Group is still in use.

The name Sandia Formation is retained for Lower and Middle Pennsylvanian rocks
that consist of marine and nonmarine shale, conglomeratic sandstone, sandstone, carbon-
aceous to coaly shale, and thin beds of limestone. The thickness of the Sandia ranges
from about 10 ft (3 m) at the south to more than 5,000 ft (1,526 m) at the north.
Brachiopods from the lower part of the formation are Morrowan age; fusulinids from
near the top are late Atokan age.

The Madera Limestone, or Formation, of earlier reports on this area is raised to
group status. The Madera Group includes the Porvenir Formation (named here) and
the overlying Alamitos Formation (name here adopted). The Porvenir Formation is
the lower, gray limestone member, and the Alamitos is the upper, arkosic limestone
member of the Madera Formation of former usage. The Porvenir Formation lies con-
formably on the Sandia Formation and is overlain disconformably, and, locally, uncon-
formably by the Alamitos Formation.

The Porvenir Formation is mainly marine and consists of three laterally intergrading
facies. At the type locality, and generally south of Sapello River, the Porvenir is mostly
limestone with interbedded thin to thick gray shale and minor amounts of sandstone.
North and northwest of the type section, the Porvenir is mostly gray shale that contains
thick units of limestone and some thin sandstones. Northeast of the type section, near
the eastern front of the mountains, the Porvenir consists of shale, limestones, sandy
and oolitic limestones, and thin to thick arkosic sandstones. At the type section, the
Porvenir is 1,065 ft (325 m) thick; north of the type section, the formation is about
1,615 ft (491 m) thick east of Rociada, about 1,170 ft (857 m) thick at the principal
reference section northwest of Manuelitas, and about 700 ft (213 m) thick at Mora
River. Fusulinids from the Porvenir are of early to late Des Moinesian age.

The Alamitos Formation is gray to greenish-gray and red-weathering silty to marly
shale interbedded with arkose, conglomerate, nodular limestone, and sandy and arkosic
limestone. Most of the limestone and shale and some of the sandstone is marine; some
sandstones, however, probably are nonmarine fluviatile deposits. The basal part of
the Alamitos is arkose and conglomerate or arkosic limestone that grades laterally
into sandstone. At most places, the basal arkoses contain interbedded maroon-weather-
ing shale. The top of the formation is mapped as the top of the highest marine beds.
Thickness ranges from a feather edge at the south to more than 1,285 ft (390 m)
at the north. The formation contains fusulinids of late Des Moinesian, Missourian, Virgi-
lian, and, locally, early Wolfcampian ages.

The Alamitos is overlain with local angular unconformity by nonmarine rocks of the
Sangre de Cristo Formation. The Sangre de Cristo Formation is mainly Early Permian
age at the south, but, at Mora River, it also may contain beds of Late Pennsylvanian
(Virgilian?) age.

INTRODUCTION

In the Sangre de Criste Mountains of north-central New Mexico
(fig. 1) rocks of Mississippian, Pennsylvanian, and Early Permian ages
are exposed widely. The lithologies, ages, thickness variations, and
facies of these rocks in the southern part of the mountains have been
known generally since U.S. Geological Survey studies by Read and
others (1944), Northrop and others (1946), and Read and Wood (1947).
However, the details of stratigraphy still are not known well because
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Armstrong (1967) continued to include all the pre-Pennsylvanian
sedimentary rocks in the Arroyo Pefiasco Formation, but he reported
Early Mississippian microfossils in the lower part of the formation
in the Sangre de Cristo Mountains and classified the entire sequence
as Mississippian. Later, Armstrong and Mamet (1974) accepted the
Tererro and Espiritu Santo Formations and extended these terms
through a wide region in northern New Mexico. They reclassified
Sutherland’s Del Padre Sandstone as the basal member of the Espiritu
Santo Formation, and, on the basis of microfossils, classified the Es-
piritu Santo as Early Mississippian (Osagean) and the Tererro as Late
Mississippian (Meramecian and Chesterian). They raised the term Ar-
royo Pefiasco to group status to include both the Espiritu Santo and
Tererro Formations.

PENNSYLVANIAN AND LOWER PERMIAN ROCKS

The first geologic map of the Sangre de Cristo Mountains in Col-
orado and New Mexico was published by Stevenson (1881) to accom-
pany his classic summary report on the geology of this region. He
summarized the previous scanty observations of the Pennsylvanian
rocks, published a composite stratigraphic section of these rocks in
the Mora-Sapello area of New Mexico, and gave lists of Pennsylvanian
fossils. He referred to the rocks only as “the Carboniferous rocks.”

The term “Sangre de Cristo conglomerate” was the first name ap-
plied to the Carboniferous rocks of the Sangre de Cristo Mountains
west of Trinidad, Colo. by Hills (1899). Later, Melton (1925, p. 811~
812) subdivided these rocks into the “Upper Sangre de Cristo conglom-
erate” and the “Lower Sangre de Cristo conglomerate,”specifying that
these rocks are Permian and Pennsylvanian. Melton named the marine
part of the lower unit the “Veta Pass limestone member.” Melton
(1925, fig. 1) correlated his “Lower Sangre de Cristo conglomerate”
with the mainly marine Pennsylvanian rocks in the southern part of
the Sangre de Cristo Mountains in New Mexico that had been referred
to the Magdalena Group by Lee (1909, p. 33-38) and Darton (1922,
p- 201). Melton (1925, fig. 1) correlated his “Upper Sangre de Cristo
conglomerate” with the nonmarine arkoses and red beds above the
Magdalena in New Mexico that had been assigned to the Abo Sand-
stone of Permian age by Lee (1909) and Darton (1922). Darton (1928a,
p- 2565-274; 1928b) continued to classify the mainly marine rocks as
the Pennsylvanian Magdalena Group and the overlying nonmarine
rocks as the Permian Abo Sandstone.

Read and others (1944) were the first to subdivide and to map vari-
ous lithologic units of Mississippian, Pennsylvanian, and Early Permi-
an ages in the southern part of the Sangre de Cristo Mountains. They
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applied parts of the then-existing terminology (fig. 3, left-hand col-
umns) of central New Mexico in the Sangre de Cristos. Marine and
mixed marine-nonmarine rocks of Pennsylvanian age, and the rocks
now known to be Mississippian, were included in the Magdalena
Group. Nonmarine arkoses and red beds above the Magdalena were
classified as the Sangre de Cristo Formation of Pennsylvanian and
Permian(?) age.

Read and others (1944) subdivided the Magdalena Group into the
Sandia Formation and the overlying Madera Limestone, formation
names that were derived from the Sandia and Manzanita Mountains
east of Albuquerque (Read and Wood, 1947). The Sandia Formation,
a mainly clastic unit of Early and Middle Pennsylvanian age, was
subdivided into a lower limestone member and an upper clastic mem-
ber. Later, Read and Wood (1947, fig. 1) excluded the (Mississippian)
lower limestone member from the Sandia, and, thereby, from the Mag-
dalena Group.

Read and others (1944) subdivided the Madera Limestone into a
lower gray limestone member and an upper arkosic limestone member
in the southern part of the Sangre de Cristo Mountains. Read and
Wood (1947) indicated that, from south to north, the upper part of
the arkosic limestone member of the Madera grades laterally into non-
marine beds of the overlying Sangre de Cristo Formation, so that,
in their view, the lower part of the Sangre de Cristo Formation be-
comes progressively older to the north. They wrote (1947, p. 225):
“Farther north, in the Sangre de Cristo Mountains, equivalents of
the Sandia and Madera formations show major changes in lithology
and marked thickening. Since this area is now being mapped, it is
not advisable to recommend a final nomenclature.”

The general rock-stratigraphic terminology of Read and Wood (1947)
for Pennsylvanian and Lower Permian rocks—the Sandia Formation,
the Madera Limestone and its two members, and the Sangre de Cristo
Formation—have continued to be used in U.S. Geological Survey re-
ports on the southern Sangre de Cristo Mountains, although the Mad-
era is called the Madera Formation, and its two members are called,
simply, the upper and lower members (for example, Baltz, 1972;
Johnson, 1973). -

Brill (1952), by a series of stratigraphic sections and paleontologic
analyses, extended the terminology of the Sandia Formation and the
Madera Limestone and its two members northward from the southern
Sangre de Cristo Mountains into Colorado.

Sutherland (1963) and Sutherland and Harlow (1973) reported the
results of extensive paleontologic and stratigraphic investigations of
the south-central and southwestern parts of the Sangre de Cristo
Mountains. Sutherland (1963, p. 30) reviewed the previous stratig-
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and megafossil data that provide corroborative evidence for extending
the Pennsylvanian and Lower Permian rock-stratigraphic units and
for correlating between areas where Cenozoic faults and erosion have
removed parts of the section. The paleontologic data also provide a
good basis for regional correlations and, therefore, for recommending
some revisions of the stratigraphic terminology of the southeastern
part of the mountains. In recommending these revisions, we believe
it is desirable to retain, where possible and useful, the terminology
of previous published literature that reflects the regional unity of ex-
tensive mapped bodies of rocks of generally similar lithology and age.
Our revised nomenclature for the southeastern Sangre de Cristo
Mountains is summarized in the right-hand column of figure 4.

PRE-PENNSYLVANIAN SEDIMENTARY ROCKS

The pre-Pennsylvanian sedimentary rocks of the southeastern
Sangre de Cristo Mountains are included by the present writers in
the Espiritu Santo and Tererro Formations of Baltz and Read (1960),
and constitute the Arroyo Pefiasco Group of Armstrong and Mamet
(1974). A locally thin sandstone at the base of the section is considered
to be the Del Padre Sandstone Member (as assigned by Armstrong
and Mamet, 1974) of the Espiritu Santo Formation. The overlying
carbonate part of the Espiritu Santo remains unnamed, as do the
informal carbonate units within this part of the Espiritu Santo that
were described by Baltz and Read (1960).

We tentatively accept the assignment of the Arroyo Pefiasco Group
entirely to the Mississippian by Armstrong and Mamet (1974). How-
ever, we continue to note the abundant evidence of unconformity be-
tween the Espiritu Santo and the Tererro in the Sangre de Cristo
Mountains, as reported by Baltz and Read (1960), Sutherland (1963),
and Clark and Read (1972). Identifiable megafossils still have not been
reported in the Espiritu Santo, and its Mississippian age in the Sangre
de Cristo Mountains is established by a meagre microfauna.

MAGDALENA GROUP

We recommend that the term Magdalena Group no longer be used
in the southern part of the Sangre de Cristo Mountains. As described
by Lee (1909) and Darton (1922, 1928a), the Magdalena Group of this
region originally included the entire undivided section of mainly
marine limestone, shale, and sandstone between the underlying Pre-
cambrian basement and the overlying arkoses and red beds that they
assigned to the Abo Sandstone. The Magdalena was thought then to
be entirely Pennsylvanian, and the Abo was thought to be entirely
Permian. As is now known, the Magdalena of this region included
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rock units of considerable lithologic diversity and stratigraphic com-
plexity that range in age from Mississippian through Early Permian,
and the overlying arkoses and red beds (Sangre de Cristo Formation)
are locally partly of Late Pennsylvanian as well as Permian age. Fur-
thermore, the continued use of the term Magdalena Group in this
region inhibits additional formal classification of its included units.

Rather than restrict the Magdalena Group locally, or raise its status
to supergroup, the most reasonable procedure seems to be to discon-
tinue its use in the southern part of the Sangre de Cristo Mountains,
as was proposed by Sutherland (1963, p. 30). The usage of Magdalena
Group already has been discontinued by the U.S. Geological Survey
for the Manzano and Manzanita Mountains of central New Mexico
(Myers, 1973). However, farther north in the Sangre de Cristo Moun-
tains, where marine and mixed marine-nonmarine rocks of Pennsylva-
nian age have not been subdivided, the term “Magdalena Group” is
still in use in a restricted sense for rocks between the Arroyo Pefiasco
Group and the Sangre de Cristo Formation (Bachman, 1953; Clark
and Read, 1972, p. 31).

SANDIA FORMATION

Throughout most of the Sangre de Cristo Mountains in New Mexico,
the Arroyo Peiiasco Group or, locally, Precambrian rocks are overlain
by a complex sequence of Pennsylvanian shale, sandstone, conglomera-
tic sandstone, and subordinate amounts of thin limestone. The shales
commonly are carbonaceous, and thin units of highly carbonaceous
shale and coal are present at many places. In the southeastern part
of the mountains these mixed marine-nonmarine rocks have been map-
ped as the Sandia Formation.

In the area of the Paleozoic Tecolote uplift (fig. 2), the thickness
of the Sandia Formation ranges from about 10 ft (3 m) at the south
(Northrop and others, 1946) to locally only 90 ft (27 m) near Mon-
tezuma (fig. 5). At the west, the Sandia is about 500 ft (152 m) thick
at locality 1 (fig. 6). To the north, a little south of Rito Cebolla and
about 1 mi (1.6 km) west of the structural front of the mountains,
the Sandia is about 1,000 ft (305 m) thick. Farther north, 1 mi north
of Mora River, the Sandia is at least 5,080 ft (1,548 m) thick, with
an unknown but probably small (400-600 ft; 120-180 m) amount cut
out by Cenozoic faults near the base (Baltz and O’Neill, 1980a).
Throughout this region, despite the changes in thickness, the overall
lithologies remain about the same as just described, with two notable
exceptions: from Sapello River north, a major part of the formation
is shale; and from Rito Cebolla north, the upper third contains several
thick units of coarse to conglomeratic, highly arkosic sandstone.
Feldspathic sandstones are present at the south, but there the feld-
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9.3 mi (15 km)
Alamitos Formation g'R
R
/ B. aff. rockymontana
~
Base of “marker”’ zone

FEET  METERS

200 —] B. aff. joyitaensis
— 50
100 —
0 10 B. aff. socorroensis

“ RG

B. aff. novamexicana
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W. ct. coloradoensis

B. aff. arizonensis
W. cf. excentrica
F. aff. dosensis

Approximate
interval of
sandstones of
Fragoso Ridge
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Sandia o — Formation

1), principal reference locality (locs. 3a,b,¢), and Mora River locality (loc. 4). Hori-
zontal distances not to scale. See figure 5 for regional location of sections. Symbols
used are explained in figure 8.
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Sandstone

Conglomeratic

Fine to coarse-grained
% Highly cross-bedded

Arkosic

Siltstone, shaly

Claystone, shaly

Shale
Sandy

Calcareous

Limestone

@ Thick- to thin-bedded
(=l =l 1=}
FEI=T=H  Shaly
ET=T13

Sandy

Nodules

CL
o)

5]
5]

10 Arkosic

]
[ ]
-] [S]

Calcarenite, bioclastic with quartz sand
Poorly exposed

Concealed

—B. sulphurensis Fusulinids. Leader shows bed from which collection was made

< B. aff. oakensis Fusulinids collected near locality of section. Arrow indicates stratigraphic
position as traced to section
Weathering-color symbols for some shale beds (shale beds not marked
by symbols are predominately gray)

R Reddish to maroon
G Greenish-gray to olive-green
P Purple

FIGURE 8.—Explanation of symbols used in stratigraphic sections (figs. 7 and 10).

fault (fig. 6) within the formation; however, based on observations
of this part of the section elsewhere in the vicinity, the amount is
believed to be small.
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At the type section, the lower 580 ft (177 m) of the Porvenir consists
mainly of ridge-forming, highly fossiliferous limestones with interven-
ing nonresistant units of calcareous shale, siltstone, and a few thin
beds of fine- to coarse-grained quartz sandstone that locally contains
traces of weathered yellowish-pink potash feldspar. Several <l-in.-
to 3-ft-thick beds of highly carbonaceous to coaly shale are present
locally. Bedding of the limestones ranges from almost shaly to mas-
sive. Several thick limestone units are dense and nearly structureless
internally, and, as shown by lateral tracing away from the roadcuts,
thicken and thin, suggesting that they are bioherms or biostromal
banks. Similar biohermal or biostromal-bank limestones are present
in the lower part of the Porvenir at many places in the Gallinas Creek
area, the foothills area, and also southward from the type locality
to the southernmost exposures of the Porvenir near Bernal that were
mapped as the gray limestone member of the Madera by Read and
others (1944).

At the type section, the ridge-forming lower part of the Porvenir
is overlain by gray shale, sandy and silty shale that contains fine-
grained to silty sandstone, and a few beds of shaly limestone. This
unit, including a concealed upper part, is about 310 ft (94 m) thick.
It can be recognized north and south of the type locality, although,
to the south it becomes more calcareous, and to the north more sandy.
This unit and overlying beds generally are absent in the eastern foot-
hills south of Sapello River because of unconformity with the Alamitos
Formation on the Paleozoic Tecolote uplift. In the eastern foothills,
the Porvenir is no more than 600 ft (180 m) thick.

The stratigraphically highest part of the Porvenir at the type section
is a unit, about 175 ft (53 m) thick, of fossiliferous limestone, shaly
limestone, calcareous shale, siltstone and thin beds of sandstone, and
a thin bed of limestone-pebble conglomerate. These rocks form minor
ridges. The rocks are predominantly gray, but contain two thin beds
of greenish-gray shale that weather purple locally. Notably, not far
above the base of this unit are several beds of cross-laminated to
cross-bedded, bioclastic calcarenite that contains much silt, sand, and
granules of angular quartz. We informally designate these beds as
a “marker zone” in the upper part of the Porvenir. As determined
elsewhere, the stratigraphically lowest occurrence of the fusulinid
Beedeina sulphurensis at places is within the marker zone. Although
the marker zone has not been mapped, it appears to be widespread
in the southeastern Sangre de Cristos. Similar sandy, bioclastic rocks
have been observed in similar stratigraphic position from north of
the San Miguel-Mora County line (fig. 5) to at least as far south as
east of San Geronimo southwest of Las Vegas. Locally, however, the
zone is absent by nondeposition. On the Paleozoic Tecolote uplift, this
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part of the section probably is absent because of the unconformity
between the Porvenir and the overlying Alamitos Formation.

CONTACTS WITH ADJACENT ROCKS

At the type section, the Porvenir Formation lies on shale containing
interbedded thin micritic limestones assigned to the Sandia Formation.
The basal contact of the Porvenir, previously chosen (Baltz, 1972)
because of its mappability, is at the base of ridge-forming thick lime-
stones and marks a relatively abrupt vertical transition from the pre-
dominantly shaly upper part of the Sandia that occurs throughout
the region south of Sapello River (fig. 5). North of Sapello River,
the contact is at the base of biohermal and stromatolitic-mound lime-
stones, and a complexly varied zone of interbedded limestone, sandy
limestone, sandy oolite, and conglomeratic sandstone, as will be dis-
cussed. Regionally, the contact is mainly conformable.

At the type section, the Porvenir Formation is overlain by a locally
thin, arkosic sandstone that contains subangular to angular clasts of
fine to coarse, reddish-pink, little-weathered potash feldspar. This
sandstone, assigned to the Alamitos Formation, is overlain by a se-
quence of red-weathering silty, shaly sandstone, thin limestones, ar-
kosic limestone, and arkesic conglomerate, all of which are fairly well
exposed in the roadcuts and are assigned also to the Alamitos. The
contact is disconformable locally because of slight channeling at the
base of the Alamitos but is unconformable in much of the eastern
part of the mountains where the upper part of the Porvenir is missing.

FACIES

Three facies of the Porvenir have been recognized (fig. 5): a south-
ern, predominantly carbonate facies; a shale-carbonate facies; and a
northern, sandstone-shale-carbonate facies. All the facies are laterally
intergradational through several miles, and each facies locally contains
lithologic units that are characteristic of the other facies. Because
of the gradual lateral transitions of the facies, no contacts can be
mapped between them and they are considered as regional lithologic
variations within the Porvenir.

The Porvenir at the type locality is characteristic of the southern,
predominantly carbonate facies that was deposited in shallow seas on
the tectonically slightly unstable Pecos shelf in the southern part of
the Rowe-Mora basin.

The Porvenir thickens northward from the type locality and the
proportion of gray shale throughout the formation increases north-
ward. This shale-carbonate facies is well exposed in the interior hog-
back belt at Sapello River north of Hermit Peak, and at Manuelitas
Creek east of Rociada where the formation is 1,615 ft (491 m) thick.
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Relatively thick units of limestone are interbedded in the shales, but
the limestones are, generally, thin even-bedded rocks; biohermal and
biostromal limestones are not common. Thick to thin sandstones are
present, but they constitute a minor part of the formation. Only the
lower 1,000 ft (300 m) of the shale-carbonate facies of the Porvenir
is preserved from Cenozoic erosion in synclines in the topographically
and structurally higher part of the mountains northwest of Hermit
Peak and Rociada. These rocks are similar to the lower part of the
Porvenir at Manuelitas Creek. They consist of units of even-bedded
limestone and intervening thick units of calcareous shale containing
a few beds of sandstone and thin beds of limestone. The sediments
of the shale-carbonate facies were deposited on the eastern margin
of the central deep part of the Rowe-Mora basin, as that configuration
of the basin existed in Des Moinesian time.

Northeastward in the interior hogback belt east and northeast of
Rociada (Baltz and O’Neill 1980b), the shale-carbonate facies of the
Porvenir thins, and contains increasingly greater amounts of
feldspathic to arkosic sandstone, until, near the San Miguel-Mora
County line, it becomes indistinguishable from the sandstone-shale-
carbonate facies described next.

Generally near and a little south of Sapello River, in the eastern
part of the mountains, the lower part of the carbonate facies grades
northward into a facies that contains thick, arkosic sandstones, gray
shale, sandy shale, and sandy limestones. The basal part of this sand-
stone-shale-carbonate facies sporadically contains biohermal and
stromatolitic limestones and interbedded lenticular conglomeratic
sandstone as far north as Rito Cebolla. This facies of the Porvenir
has been mapped to several miles north of Mora River (Baltz and
O’Neill 1980a) and has been recognized by the authors north of the
area of figure 5. The thickness of the sandstone-shale-carbonate facies
of the Porvenir is about 1,170 ft (357 m) at localities 3a,b, and c
(fig. 5) northwest of Manuelitas, about 1,140 ft (347 m) at the north-
west margin of Fragoso Ridge, and about 700 ft (213 m) at Mora
River (loc. 4, fig. 7). This northern facies appears to have occupied
a north-trending area of Paleozoic intrabasinal uplift (or slow subsi-
dence), that was structurally slightly lower than the Tecolote uplift
south of Sapello (fig. 2), but that was structurally slightly higher than
the part of the Rowe-Mora basin to the west in which the shale-car-
bonate facies was deposited.

PRINCIPAL REFERENCE LOCALITY
Because the Porvenir changes considerably northeastward from the

carbonate facies at the type locality to the sandstone-shale-carbonate
facies north of Sapello, a principal reference locality is specified for
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the northern facies (fig. 5). Parts of the northern facies are well ex-
posed at many places along New Mexico Highway 94 from about 1.5
to about 4.8 mi (2.4-7.7 km) northwest of Manuelitas. However, the
rocks mainly dip gently west and it is difficult to find a single locality
where they can be measured conveniently and continuously. There-
fore, a composite stratigraphic section (locs. 3a-3c, fig. 7) that was
measured westward from near San Isidro Cemetery and church, ac-
ross the lower valley of Canon del Horno, and west along the ridge
south of that canyon is designated as the principal reference locality.
A geologic map of the principal reference locality is shown on figure
9.

The basal part of the Porvenir and the upper part of the Sandia
Formation are fairly well exposed along the north edge of the valley
north of the Bahai school (loc. 3a, fig. 9). Part of the Porvenir above
the basal limestones is concealed here, but good exposures of this
part of the section exist northeast of San Isidro Cemetery and along
New Mexico Highway 94. A distinctive limestone exposed in the road-
cuts near the middle of locality 3a was traced south and was correlated
west across the valley of Canon del Horno to a similar limestone in
the valley at locality 3b. Beds near the top of section 3b were traced
west across an anticline to locality 3c near the crest of the ridge south
of Canion del Horno. The total thickness of the northern facies at
this reference locality is about 1,170 ft (357 m).

The basal part of the Porvenir at the principal reference locality
is a persistent zone of thin limestones that characteristically contain
small to large biohermal mounds. Isolated, small outcrops of the Por-
venir southeast of San Isidro Cemetery (fig. 9) are circular biohermal-
limestone mounds as much as 60 ft (18 m) in diameter; one of these
was illustrated by Baltz and Read (1956, p. 70). Small bichermal
mounds are well exposed near the mouth of Cafiada del Rocio south-
west of Bahai school. Similar small bioherms and small stromatolitic
mounds are present in the lower part of the Porvenir about 3 mi
(4.8 km) north of Sapello near the eastern edge of the mountains.
The basal limestone zone has been mapped south continuously from
the reference section to the Sapello River (Baltz and O’Neill, 1980b)
where it merges into thick limestones characteristic of the basal part
of the carbonate facies of the Porvenir.

Northeast of the reference section, the basal limestone zone contains
thin, lenticular beds of arkosic sandstone that locally contains lime-
stone pebbles. In places, as about 1.2 mi (2 km) north of Manuelitas,
these sandstones thicken locally to form a massive ledge and they
cut out underlying limestone, to rest disconformably on the Sandia
Formation. Farther northeast, the sandstones become thin again and
are underlain by limestone. The basal part of the Porvenir cannot
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and nonmarine. In the type section the Alamitos is about 1,275 ft
(390 m) thick. Its age in that area is late Des Moinesian, Missourian,
and Virgilian. According to Sutherland (1963), the Alamitos Formation
is approximately equivalent to the arkosic limestone member of the
Madera Formation as assigned by Brill (1952) in the Pecos area.

LITHOLOGIC DESCRIPTION

A composite stratigraphic section of the Alamitos (fig. 10) at the
type locality of the Porvenir Formation (fig. 6) is shown to illustrate
the general lithology of the Alamitos in the southeastern part of the
Sangre de Cristo Mountains. In the southeastern part of the moun-
tains, the Alamitos consists of a heterogeneous assemblage of gray
to greenish-gray silty shale and interbedded arkosic sandstones and
conglomerates, nodular gray limestones, sandy and arkosic limestones,
and some thick-bedded gray limestone. Nearly all the limestones and
shales, and some sandstones, contain marine fossils; however, some
of the sandstones have bedding characteristics that indicate they are
probably nonmarine, fluviatile deposits. Characteristically, many of
the shales are marly and commonly contain limestone nodules and
interbedded nodular limestones. Many shales weather to a distinctive
olive green; other shales weather distinctive maroon to purplish red.

Throughout most of the southeastern part of the mountains, the
lowest beds of the Alamitos are arkosie, crossbedded sandstones and
conglomerates that contain granule- to small-pebble-size angular to
subangular clasts of little-weathered reddish-pink potash feldspar. At
some places, the basal beds are arkosic limestones that grade laterally
into arkosic sandstone. Loecally, thin distinctively green arkosic sand-
stone is at or near the base.

At most places, red- to maroon-weathering shale is interbedded with
the basal arkoses of the Alamitos or is not far above them and provides
an excellent criterion for distinguishing the Alamitos from the Por-
venir, especially at the north where parts of the Porvenir also contain
arkose. At some outcrops of the basal arkoses of the Alamitos, red
shale is not present, but lateral tracing for short distances usually
discloses red-shale interbeds. At places, a few shale beds in the upper
part of the Porvenir weather locally to a purplish hue, as at the type
locality (loc. 1) and in roadcuts at Mora River (loc. 4). However, the
purplish hue is distinctive and almost always is of limited (a few
meters) extent.

Although arkosic sandstones and conglomerates are present
throughout the Alamitos, the thickest arkoses generally are in the
upper half or third of the formation. These rocks commonly contain
irregularly shaped pebbles of quartzite, other metamorphic rocks, and
granite. At many places in the upper part of the Alamitos, fluviatile
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FiGURE 10.—Composite stratigraphic section of the Alamitos Formation
along U.S. Forest Service road (loc. 2) and at the type locality of
Porvenir Formation (loc. 1). Localities shown on figures 5 and 6. Sym-
bols used are explained in figure 8. Base of section at locality 2 is
about 3,000 ft (915 m) northwest of top of section at locality 1.

arkosic conglomerates form massive units that commonly are interbed-
ded with unfossiliferous red shales. These rocks are similar to some
parts of the overlying Sangre de Cristo Formation and locally cause
confusion in determining the contact with that formation. However,
the uppermost part of the Alamitos contains fossiliferous marine lime-
stone, sandy limestone, and commonly olive-green shale. The top of
the Alamitos (the equivalent upper member of the Madera of past
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usage) is mapped at the top of the highest marine beds by Northrop
and others (1946), Baltz (1972), and Baltz and O’Neill (1980a,b).

THICKNESS

Near the eastern front of the mountains south of Montezuma, the
Alamitos is absent locally, and it is only about 180 ft (55 m) thick
about 1 mi (1.6 km) southwest of Montezuma. Farther west, the
Alamitos is about 715 ft (218 m) thick at locality 2 (figs. 6 and 10)
south of Gallinas Creek. The formation thickens northward and is at
least 1,285 ft (890 m) thick about 1.5 mi (2.4 km) northwest of Sapello
where part is cut out by a Cenozoic fault in the upper part of the
formation. Between Rito Cebolla and Mora River, the formation is
locally only about 100 ft (30 m) thick. At Mora River (east of loc.
4) the Alamitos is about 1,050 ft (820 m) thick.

CONTACTS WITH ADJACENT ROCKS

On the Paleozoic Tecolote uplift from Montezuma south, the
Alamitos lies unconformably on the Porvenir Formation and locally
overlaps it to the south. The Alamitos is overlain unconformably by
the Sangre de Cristo Formation that laps southward onto Precambrian
rocks (Northrop and others, 1946).

At the west, from the vicinity of locality 2 northward past Sapello
River, the contact of the Alamitos and Porvenir is locally disconforma-
ble but the hiatus may be small, inasmuch as Beedeina sulphurensis
is present in both formations. Not far east of locality 2, the Alamitos
is folded sharply along the Canon del Medio anticline and thins because
of local angular unconformity with the overlying Sangre de Cristo
Formation. (See Baltz, 1972, sheet 2, section F-F".)

In the eastern part of the mountains between Rito Cebolla and
Mora River, the contact of the Alamitos and Porvenir is locally uncon-
formable. In this area, where the Alamitos is thin (100-250 ft; 30-75
m), the contact with the Sangre de Cristo Formation apparently is
a local angular unconformity.

At Mora River (loc. 4) and farther north, the contact of the Alamitos
and Porvenir is unconformable, as is shown by thinning of the Por-
venir and because the fusulinid-bearing youngest rocks of the Por-
venir, just below the contact, are older than the marker zone of the
Porvenir farther south. The contact of the Alamitos and the Sangre
de Cristo here seems to be transitional, and the oldest part of the
Sangre de Cristo here could be Late Pennsylvanian (Virgilian?), al-
though our paleontologic data from these rocks currently are too
sketchy to be certain.
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AGE

Fusulinids occur at many places in the lower part of the Alamitos.
The stratigraphically lowest fusulinids are Beedeina sulphurenesis of
late Des Moinesian age. Near locality 2 of this report (figs. 5, 6, and
10), Triticites aff. T. creekensis Thompson was found in nodular lime-
stones about 40 ft (12 m) stratigraphically below the top of the
Alamitos at locality A (fig. 6) along an abandoned road. This form
indicates an Early Permian (early Wolfcampian) age.

North of New Mexico Highway 65, a few hundred yards northeast
of Western Life Camp (fig. 6), a limestone near the middle of the
Alamitos contains Triticites mebrascensis of early Missourian age.
West of Tecolote Creek about 1.3 mi (2 km) southeast of Blue Haven
Camp (fig. 5), fusulinids belonging to the group of Triticites secalicus
were found in limestone about 150 ft (45 m) below the top of the
Alamitos. These triticites suggest a mid-Virgilian age. Therefore, in
the western part of the Gallinas Creek area, the Alamitos contains
marine rocks representing Middle and all the Upper Pennsylvanian
Series, as well as part of the Lower Permian.

We did not find fusulinids in the upper part of the Alamitos farther
north. Most of the brachiopods, pelecypods, and gastropods we col-
lected from the upper part from Sapello River northward are defini-
tive only of Late Pennsylvanian age (J. T. Dutro, Jr., written com-
mun., 1980). However, shale just below the top of the Alamitos in
roadcuts a little less than 1 mi (1.6 km) west of Sapello contains Isog-
ramma cf. l. renfrarum Cooper, Stegocoelia (Taosia) cf. S. (T.) per-
costata (Girty), and Orthomyalina sp. which are suggestive of Virgi-
lian age (J. T. Dutro, Jr. and E. L. Yochelson, written commun.,
1980). Therefore, rocks of probable Virgilian age are present in the
Alamitos at least as far north as Sapello.

North of Rito Cebolla, where the Alamitos is locally thin, only the
Des Moinesian part containing Beedeina sulphurensis is present. At
Mora River (east of loc. 4) the Alamitos has thickened considerably.
The lower-middle part contains Beedeina sulphurensis. Brachiopods
and pelecypods from near the top of the Alamitos indicate a Late
Pennsylvanian, probably Missourian age, according to J. T. Dutro,
Jr.

REFERENCES CITED

Armstrong, A. K., 1955, Preliminary observations on the Mississippian System of north-
ern New Mexico: New Mexico Bureau of Mines and Mineral Resources Circular
39, 42 p.

1967, Biostratigraphy and carbonate facies of the Mississippian Arroyo Pefiasco

Formation, north-central New Mexico: New Mexico Bureau of Mines and Mineral

Resources Memoir 20, 80 p.




PORVENIR FORMATION, SANGRE DE CRISTO MOUNTAINS, N. MEX. B37

Armstrong, A. K., Kottlowski, F. E., Stewart, W. J., Mamet, B. L., Baltz, E. H,,
Siemers, W. T., and Thompson, Sam III, 1979, The Mississippian and Pennsylva-
nian (Carboniferous) Systems in the United States—New Mexico: U.S. Geological
Survey Professional Paper 1110-W, p. W1-W27.

Armstrong, A. K., and Mamet, B. L., 1974, Biostratigraphy of the Arroyo Pefiasco
Group, Lower Carboniferous (Mississippian), north-central New Mexico, in New
Mexico Geological Society Guidebook, 25th Field Conference, Ghost Ranch, 1974:
p. 145-158.

Bachman, G. O., 1953, Geology of a part of northwestern Mora County, New Mexico:
U.S. Geological Survey Oil and Gas Investigations Map OM-137.

1975, New Mexico, in Paleotectonic investigations of the Pennsylvanian System
in the United States, Part 1; Introduction and regional analyses of the Pennsylva-
nian System: U.S. Geological Survey Professional Paper 853-L, p. 233-243.

Baltz, E. H., 1965, Stratigraphy and history of Raton Basin and notes on San Luis
Basin, Colorado-New Mexico: American Association of Petroleum Geologists Bulle-
tin, v. 49, p. 2041-2075.

1972, Geologic map and cross sections of the Gallinas Creek area, Sangre de

Cristo Mountains, San Miguel County, New Mexico: U.S. Geological Survey Miscel-

laneous Geologic Investigations Map I-673, 2 sheets.

1978, Resume of Rio Grande depression in north-central New Mexico, in Invited
papers, Guidebook to Rio Grande rift in New Mexico and Colorado: New Mexico
Bureau of Mines and Mineral Resources Circular 163, p. 210-228.

Baltz, E. H., and O’Neill, J. M., 1980a, Preliminary geologic map of the Mora River
area, Sangre de Cristo Mountains, Mora County, New Mexico: U.S. Geological
Survey Open-file Report 80-374.

1980b, Preliminary geologic map of the Sapello River area, Sangre de Cristo
Mountains, Mora and San Miguel Counties, New Mexico: U.S. Geological Survey
Open-file Report 80-398.

Baltz, E. H., and Read, C. B., 1956, Second day, Kearny’s Gap and Montezuma via
Mineral Hill and Gallinas Canyon, Las Vegas to Mora to Taos, in New Mexico
Geological Society 7th Field Conference, 1956, Guidebook of southeastern Sangre
de Cristo Mountains, New Mexico: p. 49-81.

1960, Rocks of Mississippian and probable Devonian age in Sangre de Cristo
Mountains, New Mexico: American Association of Petroleum Geologists Bulletin,
v. 44, p. 1749-1774,

Booth, F. 0., 1976, Geology of the Galisteo Creek area, Lamy to Caiioncito, Santa
Fe County, New Mexico: Golden, Colo., Colorado School of Mines, M. S. thesis,
122 p.

1977, Geologic map of the Galisteo Creek area, Lamy to Canoncito, Santa Fe
County, New Mexico: U.S. Geological Survey Miscellaneous Field Studies Map
MF-823.

Brill, K. G., Jr., 1952, Stratigraphy in the Permo-Pennsylvanian zeugogeosyncline of
Colorado and northern New Mexico: Geological Society of America Bulletin, v.
63, p. 809-880.

Clark, K. F., and Read, C. B., 1972, Geology and ore deposits of Eagle Nest area,
New Mexico: New Mexico Bureau of Mines and Mineral Resources Bulletin 94,
152 p.

Darton, N. H., 1922, Geologic structure of parts of New Mexico, in Contributions
to economic geology, 1921; Part 2—Mineral fuels: U.S. Geological Survey Bulletin
726, p. 173-275.

1928a, “Red beds” and associated formations in New Mexico, with an outline

of the geology of the state: 1J.S. Geological Survey Bulletin 794, 356 p.

1928b, Geologic map of New Mexico: U.S. Geological Survey.




B38 CONTRIBUTIONS TO STRATIGRAPHY

Fitzsimmons, J. P., Armstrong, A. K., and Gordon, MacKenzie, Jr., 1956, Arroyo
Pefiasco Formation, Mississippian, north-central New Mexico: American Associa-
tion of Petroleum Geologists Bulletin, v. 40, no. 8, p. 1935-1944,

Foster, R. W., Frentress, R. M., and Riese, W. C., 1972, Subsurface geology of east-
central New Mexico: New Mexico Geological Society Special Publication 4, 22 p.
Henbest, L. G., 1946, Stratigraphy of the Pennsylvanian in the west half of Colorado
and in adjacent parts of New Mexico and Utah [abs.]: American Association of

Petroleum Geologists Bulletin, v. 30, p. 750-751.

Herrick, C. L., 1900, The geology of the White Sands of New Mexico: Journal of
Geology, v. 8, p. 112-126.

Hills, R. C., 1899, Description of the El Moro quadrangle [Colorado]: U.S. Geological
Survey Atlas, Folio 58.

Johnson, R. B., 1973, Geologic map of the Pecos quadrangle, San Miguel and Santa
Fe Counties, New Mexico: U.S. Geological Survey Geologic Quadrangle Map GQ-
1110.

Kelley, V. C., and Northrop, S. A., 1975, Geology of Sandia Mountains and vicinity,
New Mexico: New Mexico Bureau of Mines and Mineral Resources Memoir 29,
135 p.

Lee, W. T., 1909, Stratigraphy of the Manzano Group, in Lee, W. T., and Girty,
G. H., 1909, The Manzano Group of the Rio Grande Valley, New Mexico: U.S.
Geological Survey Bulletin 389, 141 p.

Melton, F. A., 1925, Correlation of Permo-Carboniferous redbeds in southeastern Col-
orado and northern New Mexico: Journal of Geology, v. 33, p. 807-814,

Myers, D. A., 1969, Geologic map of the Escabosa quadrangle, Bernalillo County, New
Mexico: U.S. Geological Survey Geologic Quadrangle Map GQ-795.

1973, The Upper Paleozoic Madera Group in the Manzano Mountains, New
Mexico: U.S. Geological Survey Bulletin 1372-F, p. F1-F13.

Myers, D. A., and McKay, E. J., 1976, Geologic map of the north end of the Manzano
Mountains, Tijeras and Sedillo quadrangles, Bernalillo County, New Mexico: U.S.
Geological Survey Miscellaneous Investigations Map 1-968.

Northrop, 8. A., Sullwold, H. H., Jr., MacAlpin, A. J., and Rogers, C. P., Jr., 1946,
Geologic map of a part of the Las Vegas basin and of the foothills of the Sangre
de Cristo Mountains, San Miguel and Mora Counties, New Mexico: U.S. Geological
Survey Oil and Gas Investigations Preliminary Map 54.

Read, C. B., Wilpolt, R. H., Andrews, D. A., Summerson, C. H., and Wood, G.
H., Jr., 1944, Geologic map and stratigraphic sections of Permian and Pennsylva-
nian rocks of parts of San Miguel, Santa Fe, Sandoval, Bernalillo, Torrance, and
Valencia Counties, north-central New Mexico: U.S. Geological Survey Oil and Gas
Investigations Preliminary Map 21. )

Read, C. B., and Wood, G. H., Jr., 1947, Distribution and correlation of Pennsylvanian
rocks in late Paleozoic sedimentary basins of northern New Mexico: Journal of
Geology, v. 55, p. 220-236.

Stevenson, J. J., 1881, Report upon geological examinations in southern Colorado and
northern New Mexico during the years 1878 and 1879, with an appendix upon
the Carboniferous invertebrate fossils of New Mexico, by C. A. White: U. S. Geog-
raphical Surveys West of the One-hundredth Meridian [Wheeler Survey], v. III,
Supplement, Geology, 420 p., and 38 p. appendix.

Sutherland, P. K., 1963, Paleozoic rocks, in Miller, J. P., Montgomery, Arthur, and
Sutherland, P. K., 1963, Geology of part of the southern Sangre de Cristo Moun-
tains, New Mexico: New Mexico Bureau of Mines and Mineral Resources Memoir
11, p. 22-46.




PORVENIR FORMATION, SANGRE DE CRISTO MOUNTAINS, N. MEX. B39

Sutherland, P. K., and Harlow, F. H., 1973, Pennsylvanian brachiopods and biostratig-
raphy in southern Sangre de Cristo Mountains, New Mexico: New Mexico Bureau

of Mines and Mineral Resources Memoir 27, 173 p.
Thompson, M. L., 1942, Pennsylvanian System in New Mexico: New Mexico Bureau

of Mines and Mineral Resources Bulletin 17, 92 p.

% U.S. GOVERNMENT PRINTING OFFICE: 1984—776-041/4016 REGION NO. 8









N
N e
B R R o L e D R ot e e e R e T A e e S e e e e R e e e o S e A e A S R s e e T e e S e

S T R R e e A B e L L R R S R e L e T e L R T e e L G s e L LR o L e T

|

;



