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Stratigraphy of Reference Sections in the
Popotosa Formation, Socorro County,

New Mexico

By Sigrid Asher-Bolinder
Abstract

The Popotosa Formation of Socorro County, New Mex-
ico, consists of detritus derived mainly from volcanic units of
the Datil-Mogollon volcanic field to the southwest and of some
interbedded, locally derived volcanic units. The Popotosa was
named by C.S. Denny in 1940 to encompass sedimentary rocks
of late Tertiary age between the Ladron and Lemitar Moun-
tains. No type section was named, but Denny ascribed the for-
mation’s origins to alluviation in a closed basin. The Popotosa’s
age range and areal extent have been expanded by various
authors as the Socorro paleobasin’s relation to the develop-
ment of the Rio Grande rift has become better understood.

Two measured sections are described in this report; a prin-
cipal reference section is designated at Silver Creek, and a
reference section is designated 11 km to the south at CaRoncito
de las Cabras. The reference sections consist of 1,316 and 1,447
meters, respectively, of conglomerate, granulestone, sandstone,
siltstone, and mudstone. Thirteen airfall and waterlaid tuffs at
Silver Creek and seven airfall and waterlaid tuffs at Cafoncito
de las Cabras are interbedded with the detrital units; one may
serve as a marker bed between the two measured sections.
Lithologic correlation between sections is otherwise difficult.

Low in the Silver Creek section, the Popotosa is inter-
bedded with a flow of the La Jara Peak Basaltic Andesite of late
Oligocene age. At Cahoncito de las Cabras, the Popotosa rests
in unconformable and fault(?) contact with the La Jara Peak
Basaltic Andesite. At Silver Creek, the west-dipping Popotosa
is truncated by the flat-lying Pliocene and Pleistocene Sierra
Ladrones Formation; at Cafoncito de las Cabras east-tilting
Popotosa is truncated by Holocene alluvium.

These two reference sections reflect sedimentation near
the depositional center of the closed paleobasin. Sedimentary
structures, lateral and vertical successions, and chemical altera-
tions of original lithologies suggest that the sediments were
deposited on alluvial fans and flats and on mostly dry playas.

Dated volcanic units in contact with the Popotosa show
that the closed paleobasin was faulted and filled, beginning
probably more than 26.4 m.y. to probably less than 7 m.y. ago;
no one section shows a complete range of ages. Laterally varied
lithologies, limited sections, episodes of postdepositional
faulting and tilting, and truncation by Pliocene and later
through-flowing drainage make basinwide correlations within
the Popotosa difficult at best.

INTRODUCTION AND
ACKNOWLEDGMENTS

The Popotosa Formation was named by C.S.
Denny in 1940. Denny (1940) specified no type section
but based many of his interpretations on exposures in the
Silver Creek area of Socorro County, N. Mex. As the
Socorro paleobasin’s history has become better
understood, Denny’s definition of the Popotosa has
become incomplete. The formation shows rapid lateral
facies variations and is interbedded locally with volcanic
units; it also has undergone syndepositional and
postdepositional faulting, rotation, and geochemical
alteration. Age interpretations, thicknesses, and eleva-
tions of various outcrops throughout the paleobasin sug-
gest a complex basin history. Airfall and waterlaid tuffs
within the reference sections provide general time correla-
tions between the two reference sections where lithologic
successions do not.

G.0. Bachman first noted high lithium values from
the Popotosa Formation (unpub. data); Brenner-
Tourtelot and Machette (1979) surveyed the tuffs and
clays in the southern part of the basin for lithium and
other elements. Chamberlin (1980, 1981) provided a
detailed picture of the stratigraphy and structural history
of the formation in the Socorro and southern Lemitar
Mountains. Chapin and others (1978) have also given a
regional picture of Popotosa sedimentation in the
southern part of the basin.

The purpose of this report is fourfold. (1) It reviews
usages of the formation name, Popotosa. (2) It brings
together previously published data from sections
throughout the basin to provide a more complete picture
of the formation’s depositional and structural history.
(3) The new, detailed lithologic descriptions of the
reference sections provide a framework for understand-
ing the depositional and geochemical histories of tuffs
which contain anomalous amounts of lithium (Asher-
Bolinder, 1982). (4) Brief interpretations of environments
of deposition of informal units are presented.
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I thank M.N. Machette and R.M. Chamberlin for
their time in the field clarifying regional relationships be-
tween structure and sedimentation. C.E. Chapin provided
insight into the influences of volcanic activity of the
Socorro caldera system on Popotosa sedimentation. Per-
mission to study the rocks along Silver Creek was given
by Mike Kiger, Sevilleta National Wildlife Refuge. And
C.H. Maxwell’s knowledge of Socorro area geology and
of volcanic eruptions made fieldwork more productive
and enjoyable.

Reviews of this manuscript by P.L. Hansley and
Fred Peterson served to clarify both my concepts and my
writing. The correlations and conclusions, however, are
my own.

METHOD OF STUDY

The lithologies of 1,316 m of exposure along Silver
Creek are herein described, and this exposure is named
the principal reference section of the Popotosa Forma-
tion. Lithologies of 1,447 m of exposure along the
Cailoncito de las Cabras are described as a reference sec-
tion of the Popotosa Formation.

Most of the reference section exposures were
measured by Jacob’s staff and inclinometer in the fall
of 1979 and in the spring and fall of 1980 (fig 1). The
La Jara Peak Basaltic Andesite and units 8 and 9 of the
Silver Creek principal reference section were measured
on aerial photographs and corrected for dip.

Rock colors were determined in the field using the
Rock Color Chart (Goddard and others, 1975); colors
were named from fresh, dry surfaces unless otherwise in-
dicated. Lithologies were determined in the field using
a grain-size and roundness chart. Very few beds contain
a single lithology; beds were named for their principal
lithology. The lithologies of a unit are listed in their order
of decreasing abundance unless otherwise noted. Units
were sampled for geochemical and petrologic investiga-
tion, both at the reference sections and throughout the
basin, with careful sampling of the tuffs.

Unit boundaries were picked in the field; most were
chosen to reflect differences in weathering styles, prin-
cipal rock types, or groups of rock types. Most contacts
between units are gradational and are conformable unless
otherwise noted.

The Silver Creek principal reference section dips
30°-42° W. and strikes essentially north. The Cahoncito
de las Cabras reference section dips 30°-36°E. and also
strikes north. The opposing dips of the sections, their
thicknesses, the commonly transitional nature of contacts
between units, and their central positions in the paleo-
basin (fig. 3) combine to pose a problem in interpreta-
tion: how much of the lithologic-sequence differences
between the sections are artifacts of different locations
in the paleobasin, created by measuring across the beds?
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If one assumes a constant 30° dip of beds, measur-
ing 1,500 m of true thickness requires 3,000 m of lateral
movement into or out of the paleobasin. In a broad,
mature basin 3 km of lateral movement might be negligi-
ble; in a small, tectonically active basin, 3 km of move-
ment could cross depositional boundaries. Thus, these
two reference sections may show rather dissimilar
lithologies due to artifacts of measurement as well as due
to intrinsic differences in their depositional histories.

PREVIOUS STUDIES OF
POPOTOSA FORMATION

The Popotosa Formation was named by Denny
(1940) for outcrops near Arroyo Popotosa (fig. 1). He
was aware of the extent and variability of the formation
within his study area, and he understood its origins and
its complexly faulted nature. His study of the San Acacia
area, which includes the Silver Creek principal reference
section of this report, did not extend north to the
Cafioncito de las Cabras section of this report. He as-
signed the Popotosa to the late Miocene(?) on the basis
of its stratigraphic position, and he noted regional varia-
tions in clast composition.

Bruning (1973) mapped the Popotosa’s extent in the
Socorro paleobasin, described three facies, provided
petrographic studies of individual localities, and named,
but did not describe, a type locality along the informally
named Cafiada de Tortola, T. I N., R. 1 W, (about 3 km
southeast of the base of the Silver Creek principal
reference section shown on fig. 1). His dissertation con-
tains descriptions of clast compositions, sedimentary
structures, unit thicknesses, pebble counts, and current
and source indicators.

Machette (1978), in his map of the San Acacia
7%-minute quadrangle to the east of Silver Creek,
recognized four major facies: the volcaniclastic fanglom-
erate facies, the playa bed facies, transitional beds, and
a facies of conglomerate derived from detritus shed off
the Ladron Mountains. His transitional units represent
the mixture of sandstone and pebbles that accumulate at
the toes of alluvial fans and upon alluvial flats adjacent
to playas. Machette’s playa beds are upper? Miocene to
middle? Miocene only, and they apparently represent a
single episode of playa development.

Osburn and Chapin (1983) described and placed
several formally and informally named synrift volcanic
units, as well as the Popotosa and the Sierra Ladrones
Formations, within the Santa Fe Group. Their correla-
tion chart applies to the northeast portion of the Datil-
Mogollon volcanic field south of Magdalena. They
characterized the sedimentary rocks of the Popotosa For-
mation as a sequence of mudflow deposits overlain by
playa claystones. They recognized the intertonguing

































Popotosa Formation (part)—Continued

contains 12 altered tuffs consisting of swelling
clays and zeolites. Gypsum and mudcracks are
present in the first cycle, and the unit contains
sparse to abundant mica flakes, both in tuffs
2 through 10 and in adjacent clastic rocks.
Pumice shards are sparsely admixed into any
of the lithologies.

Cycles begin with basal, thin, laterally con-
tinuous silty mudstones. Some swell upon
weathering, and some have calcareous cement.
Mudstones may be yellow gray, gray brown,
or red brown and may contain ripplemarks.
Small lenses of sandstone in the silty mudstones
grade upward into more continuous thin, and
then thicker, beds of light-gray, yellow-gray,
and gray-brown, lithic- and biotite-rich lami-
nated sandstones. These sandstones are mod-
erately indurated, clay and calcite cemented,
and may show soft-sediment deformation and
burrowing. These sandstones are similar to
type-2 sandstones in unit 7 of the Caifioncito
de las Cabras reference section (see p. 17 for
definition).

Cycles pass from type-2 sandstones upward
to thinly laminated red-brown to dark-brown
stringers, lenses, beds, and channels of fine-
grained, well-indurated, calcareous-cemented
sandstones similar to those called type 1 in unit
7, Caifioncito de las Cabras reference section.
Asymmetric ripples suggest sediment transport
from the west-southwest. Vertical burrows,
churned beds created by biota or loading, and
ripple marks are common in the middle por-
tions of the cycles.

The top portion of each cycle consists of
granulestone beds and a few matrix-supported
conglomerates similar in appearance to type-2
sandstones; these are interbedded with a few
silty mudstones. The top portion of each cycle
shows no crossbedding, loading, ripples, or
burrows. Lastly, the top of the uppermost cycle
contains an increased percentage of andesite
clasts.

The contact between the uppermost con-
glomerate and the overlying finer lithology of
the next-higher cycle is abrupt but nonerosive,
representing continuous deposition. These
upward-coarsening cycles are similar to those
of the Hornelen Basin, Norway (Steel and
others, 1977), which are ascribed to repeated
faulting along the basin margin. Stream-
transported sandstones of distal alluvial fans
overwhelmed playa sediments, followed by ever-
coarser fractions as larger fans with coarser
materials built out over the former playa sur-
face. Most of the rocks above the playa
mudstones show soft-sediment deformation
and vertical burrows, suggesting they were
deposited within the water table of the former
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playa. The last cycle’s increased andesite clast
content suggests that faulting or erosion had
reexposed a buried La Jara Peak Basaltic Ande-
site body.

The 12 altered tuff beds are white, yellow
green, yellow white, gray white, and light brown.
They vary from 5 to 120 cm thick; most of the
purely tuffaceous portions are 30-40 cm thick.
Their bases are in sharp depositional contact
with underlying units; their tops usually grade
upward into tuffaceous mudstones to sand-
stones. Mudstone balls may occur in the tuffs.
Pumice shards and balls occur in any lithology
and in the tuffs themselves. The tuffs grade up-
ward into detrital units showing complex flaser
bedding, interlaminations and crossbedding,
pumices aligned on parting surfaces, and dif-
ferential loading. C.H. Maxwell (oral commun.,
1981) suggested that these tuffs grading into
waterlaid sediments may have been created by
the torrential rains that commonly follow
volcanic eruptions.

The tuff beds are altered to mixtures of swell-
ing clays; talclike, shardy, or porcellaneous
zeolites, primarily clinoptilolite; and varying

amounts of siliceous and calcareous cements . ...

Sandstone, granulestone, conglomerate, and
rare muddy siltstones; light brownish gray to
grayish pink on fresh surfaces; pale red to pale
yellowish brown on weathered. Unit passes from
cliff-forming beds in lower 9 m to more diverse-
ly laminated and less well exposed beds in up-
per 24 m. Sandstones and granulestones form
lenses and planar units; matrix-supported con-
glomerates generally occur in channels. Rare
muddy siltstones form planar thinly laminated
beds with 20-1,000 m lateral extent in upper-
most third of unit.

The bottom 9 m of the unit contains thinly
laminated (0.5-cm), thick-bedded (5- to 50-cm)
sandstone, granulestone, and (rare) conglom-
erate. Sedimentary features include formerly
vertical burrows and horizontal trails, normal
grading, soft-sediment deformation, and low-
angle and low-amplitude crossbeds. Sandstones
are light brownish gray, fine to coarse grained,
contain abundant lithic fragments, and are
moderately indurated by clayey (tuffaceous?)
cement.

The top 24 m is thinly to thickly (0.5- to
40-cm) bedded, poorly sorted to normally
graded sandstones and granulestones that
become more muddy upward. Coarser sand-
stone and granulestone beds contain lenses less
than 3 m wide and show some soft-sediment
deformation.

The finer grained red-brown rippled and
ripple-crossbedded sandstones are better in-
durated and show soft-sediment deformation

Measured Reference Sections
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Popotosa Formation (part)—Continued
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and vertical burrowing; they are similar to the
type-1 sandstones in unit 7, Cafioncito de las
Cabras reference section.

The thinly laminated, normally graded, less
well indurated muddy siltstone-to-sandstone
beds near the top of the unit contain stringers
of sandstone and mudstone; they are laterally
continuous over tens of meters, except where
cut by channels.

Conglomerate-filled channels in the upper 24
m decrease in size and number upward. Con-
glomerates of approximately 70 percent basaltic
andesite (largest clasts) and 30 percent welded
tuffs and unknowns float in a matrix of
granulestone and muddy sandstone. Pebble im-
brications in one channel dip to the east-
southeast.

The unit reflects deposition of coarse to fine
alluvial-fan and alluvial-flat material into a
playa, as indicated by burrowing, soft-sediment
deformation, rippling, laminations, and nor-
mal grading. The better and less well indurated
sandstones suggest the interplay of fluvial and
sheetflood deposits, respectively, on the distal
portions of a fan or fans. Stringers of lami-
nated and graded muddy siltstone-to-sandstone
intervals may represent overbank deposits on
the fan, or temporary resurgence of playa con-
ditions. This unit is similar in appearance to

unit 3, this section .............cciivennn..

Heterogeneous mixture of primarily sandstone,
conglomerate, and granulestone at base,
fining upward to mainly muddy sandstone
at top of section; unit is grayish orange to gray-
ish orange pink. Forms moderately to poorly
exposed (clay-draped) cliffs to slopes with
indistinct bedding. Base of unit shows re-
working of materials from unit 3 into gravel-
filled channels. Channels of sandstone and con-
glomerate are common throughout unit,
becoming smaller and finer grained in the top
third.

The conglomerate channels near the base
contain cobbles less than 20 cm in diameter of
about three-quarters andesite and a quarter
welded tuff. Channels in the upper third are
less than a meter wide and are about 20 cm
deep; the pebbles contained therein are less than
7 cm in diameter, are subangular to subround,
and are matrix supported. These pebbles are
60-70 percent basaltic andesite; the remainder
are welded tuff.

A third variety of red-brown sandstone chan-
nels, greater than 10 m wide and less than 40
cm thick, contains asymmetric ripples and low-
angle crossbeds; ripple orientation suggests
water flow from west to east.

The laterally continuous lithologies include
massive, thin-bedded, medium- to fine-grained,
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Popotosa Formation (part)—Continued

angular to subangular, quartz-poor and
andesite-rich sandstone that is light gray on
fresh surfaces and weathers to pale red with
areas of green alteration. Also occurring are
friable, poorly indurated, mud-cemented sand-
stones in which the clay weathers out to form
clay drape. Thinly laminated to massive silty
grayish-orange-pink mudstone forms stringers-
to-beds in medium-light-gray clay-rich fine
sandstone.

Unit 4’s upward-fining sequences are cut by
channels of sandstone and conglomerate that
also become smaller and finer grained upward.
This suggests alluvial fan deposition on a
lessening gradient. The high clay content in the
sandstone indicates poor sorting of materials
delivered to the distal ends of fans or to an

alluvial flat by distributary chanmels ........

Primarily silty mudstones and sandstones con-
taining conglomeratic lenses, pale-red to
grayish-pink on fresh surfaces. Unit weathers
to brownish gray to grayish red purple; it forms
sandy, clayey, poorly exposed slopes and platy
to spherical knobs and chunks of sandstone.
The unit’s well-indurated and sparkly nature
and its distinctive knobs, plates, and chunks
are due to overgrowth by calcite and (or) gyp-
sum cements.

The mudstones are slightly silty and calcare-
ous, thinly laminated, and break into blocky
fragments. The sandstones are medium to fine
grained, subangular, and have calcareous ce-
ment; they contain quartz, feldspar, andesite
lithic fragments, and granules of various com-
positions. Sandstone beds are thin (2-5 cm) and
either pinch out over less than 20 cm or extend
for more than 5 m. Ripple crossbedding in the
sandstones was seen. A channel 70 cm deep by
15 m wide contained 80 percent basaltic
andesite cobbles as much as 20 cm in diameter
and about 20 percent welded tuff. Crude peb-
ble imbrications dip to the east-northeast.

The mudstones and sandstones were depos-
ited on a dry playa or alluvial flat subject to
sporadic deposition of coarser sediments from
nearby alluvial fans. The channel of mainly
basaltic andesite cobbles represents storm
runoff from a local exposure of La Jara Peak

Basaltic Andesite, probably to the east ......

Sandstone, granulestone, and conglomerate at
base grading up into half sandstone, granule-
stone, and conglomerate and half clayey sand-
stone at top; pale red to grayish red on fresh
surfaces. Thick (15 cm to 1 m) interlayered beds
at base contain low-angle crossbeds, featureless
beds, and normally graded beds; unit passes up-
ward into thinner, more laterally continuous
beds. Granules of andesite occur together in
green-altered forms and unaltered forms.
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Popotosa Formation (part)—Continued

Conglomeratic units are pale red to brownish
gray. Clasts (¥2-20 cm) occur in beds and lenses
10-40 cm thick extending 10-15 m, feathering
at edges to finer material; or discrete clasts may
occur within sandstone. Conglomerate makes
up more than 50 percent of unit but decreases
upward. Clasts are poorly sorted, subangular
to subrounded, 65 percent andesite, 30 percent
welded tuff, and 5 percent other; feldspars are
commonly weathered to a chalky material.
Clasts float in, or are cemented together by,
calcium carbonate, red-brown mudstone, sand-
stone, and lithic fragments. Conglomerate may
show normal, inverse, or no grading within
beds. Contacts between conglomerate packets
are indistinct to erosional. Conglomerate
breaks both across and between pebbles and
cobbles.

Sandstone is pale red to grayish purple on
fresh surface; pale brown to moderate
yellowish brown on weathered surface. Grains
vary from very coarse to very fine, are usually
graded, and may be subangular to subrounded.
Grains are quartz, feldspars, micas, and lithic
fragments; feldspars are chalky. Sandstones are
often in continuous gradational contact with
underlying conglomerate; or they may form
distinct beds about 1 m thick of laterally contin-
uous over more than 10 m, internally graded,
or low-angle crossbedded sandstone. Upper
contacts of sandstone beds may be eroded by,
or show loading from, overlying units. The
sandstones and siltstones-to-mudstones show
overall upward decrease in induration and ex-
posure; they vary from 20 cm to 1 m thick and
range from less than 20 to more than 50 m wide
in broad, thin channels.

Unit grades up into granulestone, sandstone,
and siltstone to mudstone at about 21 m. Con-
glomerates and granulestones contain more
welded tuff (80 percent) and less andesite (10
percent) clasts upsection. Overall clast size
decreases and channels show nested relation-
ships to one another, but most grains and clasts
still float in their matrix. Grains are poorly
sorted to normally graded to cross-stratified
with crossbed heights of 15-25 cm. Overall in-
duration decreases upsection.

The siltstones to mudstones are pale red to
grayish red on fresh surfaces and moderate red-
dish brown on weathered surfaces. They may
show grading over 2 cm vertically, laminations
of 1-2 cm, or may be massive to fissile depend-
ing on clay content.

The grain sizes and upward fining of the unit
suggest that deposition occurred on the prox-
imal to distal portions of alluvial fans. The up-
ward fining and decrease in size and number
of basaltic andesite clasts reflect the decrease

Meters
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in gradient produced by erosion of a nearby
source of basaltic andesite ..................... 82
Total thickness of Popotosa Formation ............. 1,447

La Jara Peak Basaltic Andesite in fault contact with
Popotosa Formation.
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