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ABSTRACT

The Popotosa Formation of Miocene age represents ‘the_ basal
Sa:nta. Fe Group and crops out in discoﬁtinuous exposures along the'
east edge of the Mogollon-Datil volcanic’ field in north-cent::;al Socorro .
County, New Mexico. - The formation is compose& 6f'faﬁgiomerate
and playa sediments depo site;l Adm:ing Basin a;;’ld Range defo;m;tion ‘
and consists of conglomerat-e, sandstone, .sﬂtstone, qustone, and
volcanic rocks., Deposition of the; I'Dopotosa Formation'bega'n about
24 m.y. B, P. during the emplace;inent of tihe upper third of La J'a.r%.
Peak And‘e site and continued at least to late Miocene time when -
rhyolitic flows and domes were emplaced from tize Soco?ro and
Magdalena Peak volcanic centers. The upper limit of Popotosa
; deposition has not been established buf:‘it is believed not to have
continued much beyond 11 m.y.B. P. |
The Popotosa Formation usually overlies' volcanic rocks of
Oligocene or Miocene age; locally, it overlies older prevolcanic
rocks. In gene;al, it is the youngest well—-induratéd sedimentary
ur;it present and is commonly overlain wi.th angular unconformity -
by poorly indurated sedimentary deposits of the upper Santa Fe -
Group which contain higher proportions of pr».'evolcan-ic detritus.
'I‘he‘rock units of the Popotosa Formation can be subdivided
into two basic lithofacies~~the fanglomerate facies and the playa

facies. These lithofacies are made u15 predominantly of clasts from
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silicic welded tuffs and andesites, but clasts from granite, schist,.
quartzite, chert', limestone, and sandstone are present locally.
Local fanglomeratés, i;ientifiahlé by unique lithologic character-
istics, are the fanglomez‘é.te of Dry Lake Caﬁyon (predomiﬁantly
andesitic detritus) and the fanglomerate of Lad-ron Peak (predom;
inantly frecambrian and late Paleozoic detritus). Maximum
exposed thickness of the fanglomerate fac:’ges, the fanglomerate of
L-a.dron Peak, and the playa facies is -about 5, 500 feet; however,
numerous faults make it difficult- to determine the true thickness.

Flow directions, as determined from sedimenta;s:y structures
and pebblé counts, were utilized to- J.ﬂ‘econstruct‘disper sa'l patterns,
;The source areas were the Colorado Pl'at'eau to the northwest; the
Gallinas, San Mateo, and Magdalena Mountains t:o the west, southwest,
and south; the'Ladron_Mounta.ins' to the north; and Polvadera Mounfain
in the center of the basin. Only the western half oaé the basin has heen
studied; the eastern half of the Popotosa basin probﬁbly haé .been
destroyed by uplift and erosion along the east side of the Rio Grande
rift, | |

The Popotosa Formation :L:'epresents alluvial-fan/playa depo s;'.n
tion in an arid to seﬁi—arid climate. Depo éition of the Popatc‘)sa' began
about 24 m.y.B.P. during the. emplacement of La Jara Peak Andesite.
The Colorédo Plateau began to rise shortly thereafter and shed detritus

from the northwest into the Popotosa basin. The original basin was
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'modified by uplift of the ancestral Magdalena Mountains whi.c}} were
eroded until they were buried beneath their own debris, buring this
period of degradation the Ladroﬁ‘Mountains were rapidly uplifted and
the fanglomerate of Ladron Peak developed. | Volcanism was sporad--
jcally active throughout the deposition of ?he Popot.osa. Foliowing the
deposition of the Popotosa Formation came a long period of block
faulting, erosion, and deposition which formed the p‘resent top;a graphy.
The Popotosa baéin was greatly modified during this period by uplift
of several intrabasin horsts, such as the Bear, Magdalena., and

Socorro-Lemitar Mountains.



INTRODUCTION

Purpose and Method of Study

'i‘he purpose of this study is to determine the origin‘and areal
extent of the Popotosa Formation in the north-central portion of
Socorro County., The Popotosa Formation is a 'suite of cbnglofnerates, :
sandstones, siltstones, and volcanic rocks of Miocen‘; age whose
distribution, thickness, and stratigraphic vgriatioﬁs were previc:usly :
poorly defined or un.;xnown. : | |

The investigation 'starte;d with the determination o:f‘i the éxternal
and internal geological framework of the Popotosa Formation. This
was achieved by detailed mapping (scale Il:Zé:, Gi)iO) in the typé a:i‘ea. |
between San Lorenzo Arroyo and the Ladron Mountains and:by recorn-
naissance mapping on the same scale of other areas in W'hich the
Popotosa Formation was thought to exist. The areal extent of the
Popotosa Formation and its subdivision into facies was delinéated by
this mapping as was the stratigraphic réla‘cions};ips between the ?0130—
tosa and younger and older rocks. The mapping also provided iﬁfor——
mation regarding régionall structures, thickness variations, az}d age
relationships of the Popotosa Formation., The érobable source areas
of the clasts in the Popotosa Formation were determined by examining
the lithologies represented in pebble and cobble counts of the Popotosa
conglomerates and by determining flow .d'i.rections- from a study of pebble

imbrications and of channeling and parting lineation.



The second part of the investigation determined the internal
geélogical framework within the Popotosa Formation, i.e.; thel
interrelationships of the sub-units. Se;iimentary structures such as
crossbedding, channeling, and parting lineation indi_cé.tea more precisely -
the mode and environment of depb sition. . Examina‘c.ion qf the fabric éf
the deposit, the sorting, roundness, and sizeﬂ of the cla.sts,. .aide_cl in
interpreting the manner of deposition. The type of ﬂcementation and
the diagenetic and authigenetic changes of‘th‘e minera.l‘s Wert; determined
from thin-section a:naljrsi-s of samples at various stratigr\aphic intervals.

" Interpretation of thg origin of the Popoto s'a. Formation utilized
" all the above analyses and descriptions. The time scale used\f.or inter-
preti"ng the c_hrpnological order of events for the deposition of the

Popotosa was that of Harland and others (1964).
Location and Accessibility

The Popotosa .Fo rmation crops out discontinuou‘sly in the

north-central portion of Socoxrro County. It occurs primarily in an
area approximately 35 miles long, from south of Socorro to north of
Bernardo, and 32 miles wide, from Socorro to about 12 miles west of
Magdalena (fig. 1).

| A nearly continuous north-south belt of the Popotosa Formation
is exposed oﬁ the eastern side of the studjr arvea. Othfer exposures, varying
from a few hundred squa.re feet to several square miles, can be seen 1n
Vﬁ-fater Cahyon, on South Baldy, on the southeast side 0"f Magdalena Pea.l_c,

and west of the Bear Mountains (pl. 1).
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The region is accessible by the paved roads Interstate 25,
U. S Highway 60, and State Road 52. Graded dirt roads such as the'r
Magdalena-~Riley-Bernardo road, - the road to Abbe Spring off N. M, ‘52,‘
and numerous other unnamed county and ‘:t:anc:h roads enhance .thel |
accessibility to the area. There are many arroyos which provide

easy access to almost any point by four-wheel-drive vehicles.
Previous Investigaﬁons

There have begn numerous investigations within t}-::ae studied
area. Prior to 1940 most of the work was primarilfof a reconnai?ssa.nce
nature (Herrick, 1900; Winchester, 1920; and Daﬁ:ton, 1928). D.enny
(1940) named the Popotosa Formation for the arroyo by that name in
T. 2N., R. 2W., and states ’cha.t-it is well exposed in the valley of .
Silver Creek, T. 1 N., R. 2 W. Accoréing to Denny the Popotosa
Formation may represent the transition between the Miocene epoch
of volcanic activity, now dated as largely Oligocene, and the period of
basin de?osition domingntly of Pliocene a'ge,‘ now dated as Miocene and
Pliocene. Spiegel (1955, p. 40) states that 'the Popotosa F'ormation is
inferred to be e.-quiva.lent in age and origin to the Abiquiu Tuff of Smith
(1938), the Picuris Tuff of Cabot (1938), and ‘cile Abiquiﬁ Formation of
Stearns (1953)." The Abiquin Formation of Stearns is thought to be 3
lower Santa Fe Group which is early or middle Miocene. Later, Spiegel
(1962) erroneously considered the Popotosa to be equivalent to Tonking's

{1957) Spears Member of t:he Datil Formation. Debrine, Spiegel and
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Williams (1963), Weber {1963), and Black (1964) have noted tl_lat the
Popotosa overlies the Baca Formation in the Bear Mountains, east of
the Rio Grande and northeast of the Ladron Mountains.

T. M. Woodward (oral communication, 1§72) has ‘mapl;ed the

Popotosa in the area west of Polvadera Mountain and has observed it
overlying older Tertiary volcanics., Outcrops of the Popoto s'a"Forma'.cion
on Socorro Mountain to the south have been mapped'.in part by Laskey
(1932), Smith (1963), Lowell (1967) and Burton (1971). Burton beneve;
that the entire section of the Popotosa is present and that it lies upon
Precambrian argillite and lower Pennsylvanian limestones and shales
and is capped by a' Pliocene (?) tuff. Outcrops of the Popotosé Forma-
tion in Water Canyon and on South_' Baldy have been mapped By Kalish
(1953), Stacy (1968) and D. A, Krewedl {oral comxnﬁnica.tion; 1972).
The Popotosa in this area has been observed to overlie oldex Tértiary
volcanics. In the area west of the Bear Mountain;.s, both Tonking (195-7)
and Brown (1972) have mapped fanglomera’c-es which they suggest may be
similar in age and origin to the Popotosa Formation.

The previous investigators have only observed Kisolated areas of
the Popotosa and, to date, a regional stratigraphic study of the Popotosa

Formation has been lacking.
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REGIONAL SETTING

The area in which the Popotosa Formation crops out is a
transitional zone between the Colorado Plateau province a;,nd the
Sonoran-Chihuahua system, a subdivision of the Basin and Rangé
province (Eardley, 1962}, The region is characterized by e‘xtens-ive
volecanic accumulation and moderately-dipping éedimentary strata
which have undergone late Cenozoic faulting., The faulting hals resulted
in topographic features which are characteristic of the Basiﬁ and Range
province. Most of the region averages between 6, 000 and S, 000 feet
in elevation. The lowest elevation is about 4, .500 feet in the drlainage
system of the Rio Grande near Socorro. The 'h“i.gheAsf elevation -is South
Baldy, 10,783 feet, in the Magdalena Mountains.

The major structural provinces withip the study area (fig. 2) are
the Colorado Plateau and the Rio Grande rift., Subdivisions within these

provinces are:

Colorado Plateau Rio Grande rift
1. Lucero Uplift . Bear Mountains
2. Acoma Embayment . Magdalena Mountainsg

Socorro-Lemitar Mountains
Ladron Mountains

La Jencia Basin ]
Mulligan Gulch Graben

3. Mogollon Slope

G*-U'ltl-\wt\lw

»

Colorado Plateau

The Colorado Plateau is a rectangular crustal block which
includes between 130,000 and 150, 000 square miles of northwestern

New Mexico, northeastern Arvizona, southeastern Utah, and western
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Colorado (Smith, 1970). It is the lesser defprmed par%: of the crust
" within the broad zone of Laramide orogeny. Most of the Plateau consists
of flat-lying sedimentary strata 6, 000 to 10, 000 feet thick overlying a
' Precambrian basement complex (Eardley; 1962). The nearly flat-
lying stratae are locally disturbed by large monoclinal ﬂexur-eAs of
Laramide age. Intrusive and extrusive igneous rocks of Tertiary age
also occur within the Colorado Plateau espelcia,lly around the margins.
Fitzsimmons (1959) differentiated the Lucero uplift, the Acoma embayment '
and the Mogo'llon slope within the Colorado Plateau in the study area. |
The eastern edge of the Colorado‘ Plateau in the study area is a
ngrth—trending belt of west dipping late Paleozoic and Mesozoic ro;:ks
knm;m as the Lucero uplift. Dimensions of thi;.s structure are about 40
miles north-south and 10 mileIs east;west (Fii’zsimmons, 1959, p. 114).
The topographic relief on the eastern flank of the uplift averé.ges onl'sr
about 1, 000 feet but the overall structural relief may be as much as
20, 000 feet because of downfaulting of the Rid Grande rift, Strati:graphic
displacemept of 3, 000 feet is common throughout the uphi’t (Kelly and
Wood, 1946). The present elevation of the Liucero upland above the
surrounding area is primarily a result of uplift and erosion in latest
'fertiary and Quaternary time. The Lucgro ui:lift separates the south-
exrn part of the Acoma embayment from the Rio Grande rift.
Cretaceous and older folded and faulted strata lie to the west
of the Lucero uplift in the Acoma embayment (Jicha, 1958). The southern

part of the Acoma embayment is modified by a number of north~trenai11g
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anticlines and synclines which exhibit faulting.of varying intensities.
Fitzsimmons (1959) reports that strata in the upper drainage of Ala;'ncusa
‘Creek and the Rio Salado dip about 20 degrees to the southwest; and
"Tonking (1957) observed a dip averaging due sou.th in the area no‘rth and
east of the Bear Mountains.

The Acoma embay*xﬁent passes. into the Mogollon slope, considered

by some to be the southern part of the Colorado Plateau. The Mogollon .

slope is not a single geomorphic surface but is rather an area of indi-

— '

vidual ranges and assoclated depositional slopes and flats (Fitzsimmons,
1959). The northern part of the Mogolion slope consists mainly of -

Mesozoic and Tertiary strata which dip to the south (Tonking, 1957).
Rio Grande Rift

- The dominant feature of the Ea.s’m and Range province in New
Mexico is the Rio Grande rift. It extends for about 600 miles from
the Mexican border to near Leadville, Colorado. The greatest topo-
graphic relief is about 8, 000 feet W‘i.th' an average of about 5, 000 feet
along the main basins (Chapin, 1971a). The Rio Grande rift is char-
acterized by Basin-and-Range-type faulting which has produced a series
of basins and mountain ranges arrané;ed eni echelon with a general north
trend. The time of initiation of rifting is difficult to determine with
- precision, but the presence of Middle and Late Miocene fossils in basall
alluvial fill together with K-Ar dates on interbedded volcanic :rocﬁcs
suggests that rifting began at least 18 nrlllioﬁ years ago . (Chapin, l‘)?la,;

p. 191).
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The Bear Mountains are a 13 mile long by 4 mile wide, no:gfh-
norl‘chwestutre_nding, westward-tilted uplift bordered on the nC_Brth' by
the Lucero uplift, on the ealst by a downfaulted basin knowr; as Snake
Ranch Flats or La Jencia;. Basin {(Brown, 19?2)‘, and on the west by the ‘
north-trending Mulligan Gulch graioen. Tertiary volcanic rocks .o'f'the

, Spears, Eells Mesa;, and La Jara Peak formations comprisé the major
portion of the l"xear Mountains. Numerous mafic dikes ayw.‘r.e also present.

The Magdalena Mountains, like the Bgar Mountains,l are a noxrth-
northwest-trending, westward-tilted uplift formed by late Cenozoic
block faulting (D. A. Krewedl, .oral communication, 1972). The stru'c-
tural horst, 13 miles 10ng’ and 7 miles wide, produces about 4, 560‘ feet
of topographic relief, the greatest in the study a:;'ea. The Magdalena
Mountains are bounded on the northeaslt by La Jencia Basin, on the
north-northwest by the Bear Mountains, and on the west by i;he Mulligan
Gulch graben. The Magdalena Mountains consist primarily éf Precam-
brian granites, argillites, and quartzites; late Paleozoic limestones,
quartzites, and shales; and Tertiary ash-flow tuffs, .a.ndesites_-, monzo -
nites and granites (Lougﬁlin and KOSchmann,- 1'942).

The Socorro-Lemitar Mountains are a 13 mile long by 3 mile
wide, north-trending uplift which is tilted on the west into La Jencia
Basin. Polvadera Mountain at 7, 292 feet and Soc-orro Peak at 7, 243
feet are the highest elevations. The rock units are Precambrian granites, -
argillites, and quartzites; late Paleozoic limestones, shales, and quartz-

ites; and Tertiary volcanic, intrusive, and sedimentary rocks. Socorro,
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Peak is a late M_io cene volcanic center consisting of vol‘ca,nic domes

and domal flows (Burton, 1971). P-récambrian and late Paleozf)ic racks
crop out almost co ntinuously along the easéern f'lank of Polvadera Moun-
tain but are exposed on the west flank only in a small nuplifted fault

block (T. M. Woodward, oral communication, i973). >These rocks are
also exposed in a small area on the northeast side of’Socorz.-o Peak.

The Ladron Mountains are located.at the southeast corner.of ‘

_the Lucero uplift and the Colorado Plateau ané nc'orthlo.f t-he Soco-rro-
Lemitar uplift (Fitzsimmons, 1959). They are a \}vestv‘a:ardutilted,
north-—tl':ending, fault block mountain range. The Ladron uplift -0ccupies
an area about four by five miles with a maxim;u'm elevation of 9, 176

feet. Schists, gneisses, quartzites, and granites of Precémbrian age
form the core of the raﬁge. Rocks of late Paleozoic and Meéozoéc age ©
form a westward-dipping hogback along the west flank of the Precambrian .
core {Black, 1964; Haederle, 1966).

La Jencia Basin, or Snake Ranch Flat, is about 14 miles long and

9 miles wide. It has been downfaulted against the uplifts of the Bear and
Magdalena Mountains on the west and the Socorro-Lemitar Mountaing on
the east. The basin is composed of late Tertiary and Quaternary sedi-
ments derived from the erosion of the surrounding uplifts (Debrine,
Speigel and William‘s,- 1963). The major dra;lnage from the basin is

La Jencia Creek flowing northeast to the Rio Salado; minor drainag;:

to the southeast is via Socorro Canyon and Nogal Canyon, but the south-
central portion of the basin has intermnal c’i:?ainage to a playa near Water

Ca-nyo n Lodge.
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Mﬁlligan Gulch graben is a narrow trough, three to five miles
wide, e}cu‘;ending from Mulligan Gulch on the south to Abbe Spring on
the north and separa:ting the San Mateo and Gallinas mountains from
the Bear and Magdalena mountains (Chapin and others, ';m preparation).
The graben appea;rs to be rather shallow and probably contains .1, 060 . .
to Z, 000 feet of detritus shed from th(? neighbo:t.-ing uplifts ;:nf the
Gallinasg, San Mateo, Bear, and Mag'dale.na; rr;ountalins; "I.‘his f;'.ll
consists of an anaesitic facies of the:: Popotosa Fofcma.’cion, the fan-
glomerate of Dry Lake Ca;nyon (Browﬁ, 1972}, capped by pediment

gravels and remmnants of the basalt of Council Rock.
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PRE-POPOTOSA GEOLOGIC HISTORY

Central New Me'xico was part of a brgad shelf -dﬁring Precam-
brian time on which accumulated a large quantity of ;:lastic: sediments
and a lesser amou-nt of volcanic rocks which were later intruded and
metamorphc;sed {Smith, 1963).

Geolo gic'ev.en‘l:s duringl early Paleozoic time are uncertain as
no sedimentaxry record now exists in the stu‘dy area. TheAearliest
Paleozoic depositional episode recorded in northérn Socorro County
occurred during Mississippian time wheﬁ the sea transgreséed from
the south and sediments were laid down at least as far north as‘ti?.e
southern end of the Ladron Mountains (Kelly and Wood, 1946). Rocks
‘of Missis sippian age are exposed also in the Magdalena" Mountains and
on Polvadera Mountain., The strata vary from 0 to 150 feet thick as a
result of early P.ennsylvanian and later erosion. These str;ta are
princi.pally carbonate deposits of the Kelly and 'Calosa. forma.tions of
Osage age (Armstrong, 1963).

During Pennsylvanian time, the sea transgress‘ed ovér most of
central New Mexico with the deepest part of the sedimentary basin lo--
cated in the southern part of the Lucero region (Kgllff and Wood, 1946).
Marine limestones, quartzose sandstones, and shales were deposited.
The Pennsylvanian strata lie unconformably on either Precambrian
granitic and metamorphic rocks or on Mis siséippialn ’r-oc‘:ks. The
Peunnsylvanian rocks in the Magdalena Mountains belong to the Magdalena

Group and consist of the Sandia Formation, 600 feet, and the ovérl}ring
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Maaera Limestone, 1,000 feet (Kottlowski, 1963). In the Socorro—‘
Lemitar Range, only the lower part of the Pennsylvanian section
remains beneath the early Tertiary erosion surface (Kottlowski, 1963).
Smith (1963) believes that of the 1, 200 feet of strata present on Socorro
Mountain, the lower 500 feet might be as signed to the SanAdia Formation
and the remaining 700 feet to the Madera Formation. The Sandia For-
mation is also recognized in the southern part of the Ladron Mountains,

In early Permian time red-brown shales, siltstones; and sand-
stones of the Abo Formation were deposited in littoral and fluvial envi-
ronments. These sediments lie conformably and unconformably on the
older Pennsylvan:ian strata. Then the ma.Lr:'me strata of the Yeso and
San Andres Formations were depogited in a tre-a.nsgressing sea (Kelly
and Wood, 1946). Limestones, sandstones, gypsum, and shales
accumulated in a basin characterized by sporadicallf restricted Iﬁarine
conditions. , At the close of Paleozoic time, the region was broadly up-
lifted but little deformation occurred during this period of emergence
(Kelly and Wood, 1946).

The area was relatively stable during the beginning of the
Mesozoic Era., Throughout lower Triassic time central New Mexico
was exposed to erosion and no sedimentary record exists. Sedimen-
tation began with the Chinle Formation during upper Triassic time.
Tonking (1957) has interpreted these red beds as having a similarh mode
of deposition to that of the Abo Formation. The finer-grained strata
represent floodplain sedimentation, and the lenticular conglomerates

and cvosshedded sandstones indicate channel or alluvial-fan deposition.
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Outcrops of the Chinle Formation are found in the Ladron Mountains
and in the region north of the Bear Mountains (Ton’k?ng, 1957; Black,
1964). The Chinle disconformably overlies the San And.res Formation.
Evidence of Jurassic deposition is lacking in the; stu@y’ area, but to the
north in the Lucero uplift, depo sition of the Morrison Formation took
place in an arid climate (Jicha, 1958). The area w;vas rélatixfel‘y' stable
with little erosion or deposition during ea.:r;ly Cretaceous time. Depo-
sition began again in late Cre’ca‘,ce'ous time with the épréading of broad
‘eiaicor';tinental seas in which was deposited the transgressive Dakota (?)
Sandstone, the overlying Mancos Shale and the regressive Mesavei-de
Group (Kelly and Wood, 1946). These Qre"cace-ous‘rocks have been '
mapped to the north and west of the study area.,

The close of the Mesozoic Era and the early Cenqzéic Era
were characterized by the widespread uplift and deforrﬁatié:n of the
Laramide Orogeny. A major uplift involved an arez;. extending from .
the southern Gallinas Range on the west t;_; Socorro Peak on the east
and as far north as Polvadera Mountain and the'J' oyita Hills, bu-t the
southern-extent is as yet undefined (C. E. Chapin, oral communication,
1973). This uplift and others to the north and east W;ere‘erc;ded during
the Eocene with concurrent deposition of as much as 2,500 feet o‘f“
arkosic sediments in adjacent basing to form the Baca Formation
(Snyder, 1971). Erosion continued to the close of Erocene time when
the highlands had been beveled and .'che basins filled, Cenozoic vol-

canism started in early Oligocene time in the center of the Mogollon
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Plateau in Catron County;; a volcaniclastic alluvial apron of andesitic
and latitic detritus formed around the volcanic ceﬁters and g:};ftending
north and east buried the Magdalena .a.rea. to a depth greater than 1, 000
feet. 'Volcanism in the study area began shortly thereafter and cul-
minated in middle Oligocene time, 32-30 m.y., with the building of
a 2, 000 foot thick ash—flm‘)v platea;,u across the Magdalena area (Brown,
19_72). The ash-flow tuffs thinned northx;vaz.-d and ea'stward but covered
most of ;che studyAa:cea. In late Oligc;cene time, the ash-flow plateau
was broken by north trending extensional fault zones into which numer- '
ous stocks and dikes of monzonitic tolgraniticé composition were intruded..
The Nitt and Anchor Canyon stocks have been dated at 28 m. y;. {Weber and
Bassett, 1963, p. 2205. Then a long period of erosion ensued during |
which many of the stocks were breached and ﬁogback ridges formed
'where faulting had previously tilted the strata. In eariy Milocene time
volcanism resumed with the extru;s.ic;n of La Jara Peak Andesite (23.8 %
- 1.2 m.y., Chapin, 1971b) in the area north and west of Magc‘ialena.- A.s
much as 2, 000 feet of basaltic andesitic flows accumulated with only
minor sedimentary interbeds. WNear the end of the eruptions, coarse
gravels c‘xf the Popotosa Formation were shed into the basin from the

south, probably from the Magdalena Mountains.



~-18.
NOMENCLATURE APPLIED .TO THE MAPPABLE UNITS

Rock units deposited prior to the Popotosa Formation have .
been grouped on the basis of lithology and agé tqysimplif_y' the map.
Only a brief discussion is given. Fér further informati;?n tl-le reader -
is referred to papers by Loughlin and Koschmaﬁn (1942); Kelly and
Wood (1946}); Tonking (1957); Brown (1972); Kréwedl- (in 'p'repax"a’cion};‘
and Chapin and others (in preparation). | | |

The oldest rocks mapped in the study area are Precambrian in ‘
age and consist of granite, gneiss, and ancient sedir;:lents now repre-
sented by'- schist, quartzite, and argillite. The late Paleozoic rocks
include the Kelly and Calosa formations ('ca‘,r_bon;ate rocks) of Mississip- .
pian age; the Magdalena Group (carbonates, ‘s‘hales,‘ ahd quartzites) of
Pennsylvanian age; and the Abo, Yeso, and San Andres Formations
{shales, siltstones, sandstones, and limestoﬁes) of Permain age.
Shales, siltstones, and sandstones of the Ch@nleFor?nation, 'Dakota, (2}
Sandstone, Mancos Shale, and the Mesaverde Group have beer; collec~
tively mapped as Mesozoic rocks. The. Tertiary rocks have been mapped_
as the Baca Format.:'mn, Tertiary intrusives, Tertiary felsic volcanic
rocks, and Tertiary andesitic rocks. The Baca Formation of Eoc'ene age
consists of conglomerate, sandstone and shale. The rock units rﬁapped
as Tertiary intrusives are mostly granites and monzonites. Tertiary
felsic volcanic rocks consist of the Spea;rs Formation,' Hells Mesa
Rhyolite, A. L. Peak Formation, and the Potato Canyon Rhyolite; most

are latitic and rhyolitic in composition, but local interbedded andesite
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flows have been included in this category, .The Tertiary andesitic
rock‘:s include La J é.ra. Peak Andesitg, the andesite of South Baldy,
the a.n.desite of Landavaso Reservoir, and numerous other andesites.
Descriptions of recently named :Eo:r:r;la.tions of Tertiary age may be
found in Deal an& Rhodes (in press), Chapir;. and others (in prepara-
tion), and Krewedl (in prepa,x;a’tion). .

The rc;ck u—nits of the Poéotosa Formation can bé subdivided into
two basic lithofacies, the fanglomerate facies and the playa facies.
The rélationsilips of these two facies are shown in LE‘_igur-e 3 where
coalescing fanglomerates of the highlands grade down sloi)e into the
f)layas of the basin., The change from fanglomera;’ce fac;ie's to pla.ya.‘
facies is gradual and occurs where subequal quam;titiesl of sanﬁstones
and cong_i'o.rnera.tes are interbedded. The thickness and 1a.tera1'ex‘-:ent
of these facies are deﬁendent upon several factors: rate of subsidence
of the basin, rate of uplift of the surrounding mountai‘ns-, tilic of the
basin floor, climate, resistance of roc:kslin the source areas, and
internal deformation of the basin. Consequently, the facies shift back
and forth as the basin fills, More than one playa def:o sit may develop
if the internal drainage of the basin is interrupted by 1ar-ge ailuvial
fans built into the basin ox by uplift of intrabasin h:')rsts..

Distinguishing between the different playa facies is ‘extremely
difficult, if not impossible, in areas of discontinuous expo sures.
Playa facies, although similar in lithology and stratigraphic position,
may not have developed within the same basin, Pla},'ra. deposits at dif-

ferent stratigraphic levels in the same basin may be indistinguishable.
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Mountains composed of the same rock units give rise to similar
fanglomerates which grade into similar playa deposits. Only when the
mountains are composed of different rock units can the basin deposiis
be distihguished on the basgis of lithology. In the Popotosa Formation,
the different pla.yé. facies are considej;'ed equivalent only in areas where
they are continuously e;;posad.

Fanglomerate facies also are not necessarily equivalent in SO'LIZ;.‘C&
and time o.f deéosition. Most of the fanélomerate facies are similar in
that the detritus was derived mai‘.nls} f rom felsic and basic volcanic
rocks of Tertiary age. Local fanglomerates, identifiable by unique
lithologic. charac.teristics, are present along the west side of the Bear
Mountains and the south and east sides of the Ladr-on Mountains., The
fanglomerate of Dry Lake Canyon-is made up predominantly of andesitic
detritus derived from La Jara Peak Andesgite which comprised the dip
slope olf the westward-tilted north end of ‘the Magdalena Mountains.

The fanglomerate of Ladron Peak has an unusuvally large component

of Precambrian and late Paleozoic detritus derived from rapid uplift

of the Ladron Mountains. - The lighter colored clasts give the facies

a silver-gray appearance which coﬁtrasts with the reddish to b1_1ff colors -
of fanélomerates derived principally from volcanic rocks. The si;r;:,ti—
graphic position of these facies with older rocks can be seen in Figures
4a and 4b, ) |
The nomenclature of the rock units overlying .the Popotosa. bas

also been simplified. The sediments mapped as the upper Santa Fe
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Group include pediment gravels and younger alluvium, The intrusive
rocks of the upper Santa Fe Group have been mapped as a separate unit.
Talus, Quaternary-Tertiary basalt flows, and stream gravels have been

mapped as individual units.
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DESCRIPTION OF THE POPOTOSA FORMATION

Type Area
Iithology

The Popotosa Formation was originally described by benny (1940)
in the area between San ILorenzo Arroyo and the Ladron Mountains. This
area was designated as the type area and the formation was named for -
Arroyo Popotosa, a south-draining tributary qf the Rio Salado., Denny
(1 940; p. 77), subdivided the Popotosa Formation in the valley of Silver .
Creek into two parts. The lower part consists of red tuffaceous sand-
stones and lenses of gravel containing angular pebbles of volcanic rocks
not movre than a few inches in diameter. The upper part rests conform-
ably on the lower part and is primarily cross—beddéd sandsiones and
congloméraﬁes. The detritus is predominantly volcanic in origin with
angular to sub.roun.ded clasts as much as six inches in diameter. . The
fo::rnlation regts both conformably and unconformably.on the andesite of
Silver Creek (15.81 1.5 nll,y.; Weber, 1971, p. 34). Aiong Popotosa
Arroyo, the Popotosa Formation consists of firie—gr#ined sand an.d red
and gray silly clay conformably overlain to the west by coarser gravels.
These gravels are composed predominantly of clasts of granite, schist,'
quartzite, and sandstone.

A type locality for the Popotosa Formation is herein designated
along the drainage system of Canada de la Tortola, T. 1N, R. 1 W.,

in the type area. This locality has been chosen because it constitutes
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the only region where all three facies, the playe facies, the fanglom-
;az:a.te facies, and the fanglomerate of Ladron Ped% are well exposed
(fig. 5). The areas previously described by Denny,’ in the valley of
Silver Creek and along Popotosa Arroyo, contain only two of these
facies.

Stratigraphic étudies of the surrounding ar.eas show that the
Popotosa is a bolson deposit of la’c;erally gradational facies. .-In the
' type area, the playa facies, the fanglomerate facies, and -thé unigque
fanglomerate of Ladron Peak are recoénized.

The playa facies crops out in the valley of Si'lver Crteek and in
the area west of the Loma Pelada fault, The outcr‘op mox‘phoiogy of
this facies varies greatly from one exposure to another., In the valley
of Silver Creek, it usually forms greyish-buff, steeply ﬁipping hogbacks
with the more indura,ted sandstones expos.ed 6n the dip slope (fig. 6).
The more easily eroded siltstones and sandstones are weathered out_
cauging an uneven surface on the front slope. Partial masking of
stratification in the plavya facies by cozing of maud over more indurated
strata occurs on the front slope (fig. 7). Spherical sandstone balls,
such as those in Figure 8, are common erosional characteristics of
the dip slope. This same hogback topography can be seeﬁ to the north
in the area west of the Loma Pelada fault. The color varies in this
area from reddish brown near the base of the section to greyish brown
and buff higher in the section. Locally, the playa facies is poorly-in-~
durated which jresults in an undulating surface covered with alluvium

derived from the sandstones.
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Figure_G. Steeply~-dipping, greyish-buff colored hogbacks of
the playa facies in the valley of Silver Creek. Whitish
water-laid tuffs cap hogback in middle distance; mesa in
background is upper Santa Fe capped by caliche,

Figure 7. Partial masking of stratification in playa facies
by oozing of mud over more-indurated strata.
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Figure 8. Lag gravel of concretion-like sandstone balls
formed on dip slope. of playa facies by differential erosion.
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The playa facies has well-developed Bedding which varies in thick-
ness from one-fourth inch in the finer-grained sandstones to as much as
four inches in the coarser-grained sandstones. These méder‘ately to well
sorted beds have about equal amounts of sandstone and siltstone lenses
which are locally cross~bedded. Gravel lenses may comp'r'ise as Iﬁuch as
ten percent of the playa facies in the valley of Silver Cree}'c. These
- lenses are usually one to two inches thick, bi;.t occésionalljr tiaey are
as much as one foot in thickness. They may bé as ﬁzuch as ten feet wide
but commonly are only three to six feet wide. Gravel lenses are absent
‘in' the area west of the Loma Pelada fault except near the boundary
between the playa and‘the_fanglomera‘ce facies. .

Massive, three-to-five-foot-thick grayish-white ash-fall and
water-laid tuffs, extending' from north of the Rio Salado 1:0. south of
San Lorenzo Arroyo, oceur within the playa facies. They contain broken
crystals of plagioclase, sanidine, quartz, and some biotite; lithic frag-
ments are abundant. 'I‘he'se tuffs occur in other areas of the playa
facies but not as extensively. They commonly were altered to mont-
morillonite, dther montmo rillon:lte deposits apparently not directly
associated with the tuffs also occur in the playa facies. One of the
deposits located about two and one—f:aurth miles north of the mouth o‘f
P0p‘0tosa Arroyo was mined in the 1950's bﬁt is now used only by ranchers
for lining water tanks. Secondary gypsum in the form of selenite crystals

is abundant west of the YL.oma Pelada fault.
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Field evidence suggests that the playa facie.s is interbedded with
a series of aphanitic, gray-to-black, basaltic andesite flows and flow
breccias which are known as the andesite of Silver Creek {Weber; 1971).
These flows vary from 5 to 15 feet thick with autobrecciated tops and
bottoms (fig. 9). Many of the rﬁbble zones confain manga;nese n‘mineral—-
izmation. 'I‘he flows are vesicu‘lar, with some c;tf the .vesicles filled ';vith
calcite. An exhumed volcanic cone cont.ai:ning a’'thick s.equence of
lapilli tuffs is present at the northern end of these flows.

The ;edimen‘cs in all Popotosa. facies have .been named a.ccording
-to the classification of Williams, ’I‘urnexland Gilbert (-1 954)., Rocks ‘:‘m‘
the playa facies are bredominantly- volcanic wackes and to a leséer
extent volcané.c arenites. These sandstones‘ contaﬁn between 20 and 30
percent feldspar, which is primaxrily plagioclase but minoxr amounts of
sanidine are also present. Quartz varies from 10 to 30 percent but
seldom is greater than 15 percent. Volcanic lithic fragments are
abundant and vuary from 15 to 40 percent. Biotitel, hornblende, c_lino-‘
pyroxene, chlorite, sphene, and magnetite are the common heavy min-
erals and usually constitute less than 15 percent of the rock. The sand
grains are moderately sorted anﬁ average about .2 mm in diameter; the
abundance of lithic fragments, about .4 mm in diameter, impar,ts a poorly
sorted appearance to the facies. The cement varies from about 10 to 30 ‘
percent; the common cementing agents are calcite or silica and clay.
Secondary overgrowths on sand grains ave genervally lacking but calcite.

overgrowths on quartz grains are present in one thin section.
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Figure 9. Thin 5 to 15 foot lava flows with auto-
brecciated tops and bottoms in the andesite of Silver
Creek,
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The lithology of the clasts in the type area is given numerically
4 ables 1 to 4 and diagrammatically on Plates 2 to 2D. The clasts in
tne playa facies west of the Silver Creek fauﬁ: (plate ZB).a‘re made up
“ntirely of igneous rocks of Tertiary .;:Lge. In the four pebble cou.r;ts
oo th'lAs area, felsic volcanic fragments show a slight increase to the
Farth af the expense of andesitic clasts. Monzonite clasts from Ter-
tianry plutons also increase in number to the north. Iﬁ the pldya facies
- 6ant of the Silver C?eek fault (plate 2D) the clasts from Tertiary
tunsous rocks a.ré the major constituent in the south, but bec;én;xe a; minor
‘Oriponent in the north. Andesitic detritus is not as abundant in this
A ey a,.s it is to the We'st. A noticeable influx of late Paleozoic clasts
Hlarts near Canada de la Tortola and re;'nains relatively constant to the
ey, Precambrian granitic clasts were found only north ouf the Rio
‘ “nlado; quartzitic material increases slightly to the north.. Clasts of
fnlyic voleanic rocks and late Paleozoic rocks increase sligﬁtly upward
.”H‘“ugh the section at the expense of andesitic material.

'_I‘he fanglomerate facies occt;rs in the valley of. Silver Creek
"l also on a tributary north of the Rio Salado. -To the east of the Silver
Urook fault, this facies is found only south of the Rio Salado. The steep
Wonlward dip and the high' degree of induration of the fanglomerate
‘r_'l ics results in hogbacks similar to those of the playa facies. These
““}‘.'hacks are more resistant, have greater relief, and lack the weathered
"Jrip stone" appearance on the front slope. In San Lorenzo Canyon,

w ‘\'\‘re the dip is low, differential erosion has sculptured steepsided
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bluffs of conglomerates and sandstones (fig. 10). Thi's facies is reddish-
buff in color except north of the Rio Salado where a large influx of
anldesitic material gives a purplish cast, |

The fanglomerate facies consists of inter‘;edded conglomerate
and sandstone lenses. Coﬁglomeratic lenses make up 10 to 20 percent
of the unit near the base and inc:r.ease to as much tas. 80 percent towards
~ the top of the section. @e gravel lenses are only three to five"i:-aches |
thick and 20 to 30 feet wide near the base but increase to as much as
80 percent towards the top of the section.i The gravel lenses are only
three to five inches thick and 20 to 30 feet wide neaxr the base but il‘;.--
crease to as much as ’ch::;ee feet thick and 200 féet wide near ’cI‘1e top.
Stratification in the sandstone is well developed and varies from a'few
inches to a -few feet in thickness, but cross-stratification is raie.
Poorly sorted subangular to subrounded clasts.in the gravel lenses
vary in ciia.meter from less than an inch {?o more than one foot., Boulders
gre'a’cer than a foot in diameter are most abundant neé.r th.e top of the
section. A thin byed of limeétone, three to four inches thick, is inter-
bedded with the sandstone in the area west of Silver Creek.

The sandstones within the fanglomerate facies are medium to
coarse-grained lithic wackes. Lithic fragments vary fr-om 20 to 65 per-
cent and coﬁmonly comprise about 40 percent of the 1‘oc1<." Feldspar
varies from 10 to 35 percent and averages abog‘k 20 percent; quartz also
varies from 10 tlo 35 percent but is seldom greater than 20 percent.

Other minerals present are biotite, horablende, clinopyroxene, chlorite
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Figure 10, Steepsided sandstone buffs sculptured by
differential erosion in San Lorenzo Canyon.



36

and magnetite; they comprise less than 15 percent of the rock. Poorly
sorted ang.ular.to subangular grains average .25 mm but range upward
to 1.30 mm. Calcite and/or silica and clay are the common cements
and generally make ‘up 20 to 30 percent of the rock. Overgro*;vths of | 7
calcite and silica are ra':t'e. |

Pc_eb'blev countsx re‘veal several vtrends in the fanglomerate facie:s
in the area west of the Silver Creek fault (plate 2A). And.e:sitic material
is the major constituent throughout most of this area and cdmprises more
than 90 percent of the clasts where this facieé overlies Ter'tia%y' andesites. -
Clasts of felsic volcanic rocks increase higher in the section. Iﬁ the
area of the Rio Salado, an influx of late Paleozoic and Precambl:ian
detritus is presént. Monzonitic and quartzitic material are sporadically
dispersed or locally concentrated. A

Andesitic clasts are not as abundant in tﬁe area east of the.

. Silver Creek fault (plate 2C), but Tertiary volcanic rocks still c;orﬁprise
the major 'polrfion of detritus in this area. A large influx of late Paleozoic
and Precambrian detritus and a smaller amount of qué,rtzitic material
occur in the area between the Canada de la Tortola and the Rio Salado.
Clasts from Tertiary plutons are minimal and were noted in only one.
pebble count.

The 'fanglomerate of Ladron 1;"eak is exposed only to the east of
the Silvgr Creek fault. A rolling hilly topography is-typical of this facies
and as a result vegetati‘on is more abundant and good exposures are less
common. The fanélomerate of Ladron Peak along the Popotosa Arroyo .

_consists of reddish-buff sandstones and conglomerates which have de-
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veloped hogback topography. In this area, the facies appears similar
to the other fanglomerate facies but the clasts were derived primaxrily
from late Paleozoic and Precambrian rocks,

Silver-—gray-conglomeratic lenses c;f siﬂ:angular to subrounded
pebbles, cobbles,and boulders comprise the major portion of the fan-
glomerate of Ladron Peak. Sandstone lenses are present in the lower
part of the section. About 60 percent of the é:onglorxiera.tes are pebble
conglomerates in which isolated pebbles 'float! in a coarser sand matrix.
The cobbles in the cobble-boulder conglomerates are bef:wéen two and
six inches in diameter, some boulders as much as two and one-half
feet across. These coarse lenses vary from three inches to two feet
in thickness but commonly are only six inches thick. They usually
havewidths of 20 to 30 feet but some are grea,tér .tha.n 100 feet. The
unit is poorly to moderately sorted with some local I;Lrgeﬂscale,-
20-foot, cross—bédding.

Pé’bble counts in the fanglomerate of Ladron Peak (plate 2B)
show a sharp decrease in Tertiary ignéous detritus and‘a marked
increase of late Paleozoic and/or Precambrixan“rocks. ;I’ertia.:ry
volcanic detritus is most abundant é.t the northern and southern outcrops.
Late Paleozoic clasts increase rapidly in nurmber from the south until
the count is diluted by a flood of Precambrian granitic detritus north of
the Rio Salado, after which they decrease in abundance northward.

Quartzitic material follows the trend of the Precambrian detritus.



~38-

Monzonitic material is absent. Both late Paleozoic and Precambrian
clasts increase upward through the section at the expeﬁse of Tertiary

volcanic detritus.
Thickness and Areal Extent

The Popotosa Formation is well exposed in the type area
except where it is locally obscured by pediment gravels and alluvium.
Stra.tigra.phic studies suggest that the combined fa;:ies of the Popotosa
Forma,tio'n,have a maximum estimated thickness at the type 1c.> cality of
about 5,500 feet. However, numerous faults rﬁaike it difficult to
determine the true thickness. |

']:.’he playa facies has an estimated minimum thickness of at
least 800 feet and a possible maximum thickness of 3, 506 féet. This.
facies is exposed west of the Silver Creek fault in an area about eight
miles north-south by one mile east—wes;t. Dips in this area are 25 to
50 degreies'to the west. The plava facies and the andesite of Silver
Creek are terminated to the north and to the eas.t by the Silver Creek
fault; to the south the playa facies grades into tile fa.n-glomerate facies
and tc; the west it is conformably overlain by ‘the fanglomerate facies.
‘Fast of the Silver Creek fault, the playa facies is more extens;ve and
forms an outcrop belt as much as three miles in width extending frorn'
south of San Lorenzo A;r:royo to the La@ro;z Mountains. To the east, the
pla;ra. facies has been faulted agains‘t sediments. of the upper Santa Fe ‘

Group along the Loma Pelada fault. To the west, and in the area north
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of the Rio Salado, the piaya facies appears to be conformably overlain
by the fanglomerate of Ladron Peak,

The fanglomerate facies ha's an estimated rﬂinimum thickness
of at least 2, 700 feet and a possible maximum thickness of 6,200 feet.
West of the Silver Creek fault and south ofl the R:lO Salado, this unit
conformabljr overlies the playa facies. and oider Tertiary rocks. In
this"area, the fanglomerate fa,cli.es is overlain by yc‘);u.nger Santa Fe K
sediments with a slight angular un;:on‘formity.| Noxrth 6£ the Rio Salé.do, :
the fanglomerate facies is faultetd on the east against th‘e fanglomerate
of Ladron PeaE along.the Silver Creek fault,- faulted on the‘ west against
pre-Tertiary rocks along the Cerro Colo:r.;a.do- fault,and on the ﬁqrth
apparently overlies Tertiary andesite, South of the Rio Sal‘a,do,- the
fanglomerate facies is exposed on the eal.st ;side of Silvel; Creek fault,
North of the San Lorenzo fault, this facies conforn;nably overlies the
playa facies and is either conformably overlain by the fangl(;merate of
Ladron Peak or is faulted against the andesite of Silver Creek. South
of the San Lorenzo fault, the fanglomerate facies interflinge:t-'s with the
playa facies and apparently overlies older Tertiary and Precazr.l-bria.n ‘
rocks.

The fanglomera‘te of Ladron Peak, exposed only east of the Silver
Creek fault, has an estimated minimum thickness of at least 500 feet and
2 possible maximum thickness of about 3, 000 feet. South of the Rio
Salado this facies conformably overlies the fanglomerate facies while

north of the Rio Salado, it conformably overlies the playa facies.
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'Age and Stratigraphic Position

The upper and lower contacts of the Popotosa Formation in the
type area are for the most part obscured by major faulting. The
relationship of the Popotosa F_o.rrhation and younger sediments can
be observed in the valley of silvei' Creék where the fanglomerate fa;.cies
is overlain with slight angular unconformity ﬁy younger Santa Fé Group
sediments (fig. 11) and along San Lorenzo Arroyo where the playé_
facies is overlain ‘.)v%th sharp angular unconforygity by younger Santa
Fe Group sediments (fig, 12). No e:%posures were found of the
depositional contact of the fanglomerate of Ladron Peak with younger
San’c‘a._ Fe Group sediments,

Contacts of the Popotosa Formation with oldex rocks are numerous
in the area south of San Lorenzo Canyon Whe.re the fanglo;nera’ce facies
unconformably overlies Tertiary andesites and rhyolitic ash-flow tuffs
of Oligocene age. To the east, the fanglomerate facies appears to
overlie Precambrian rocks. In the valley of Silver Creek, the playa
facies lies conformably on the andesite of Silver Creek dated by Weber
{1971, p. 34) at 15.8 m.y. Locally the two appear unconformable
where penecontemporaneous slumping of the playa facies has occurred.
The andesite‘interfingers with both the playa and fanglomerate facies of
the Popotosa Formation in the valley of Silver Creek and in San Lorenzo
Canyon. The andesite of Silver Creek is interbedded with the playa
facies both in San Lorenzo Ca.nyon and i-n the drainage system of Cahada

de la Tortola suggesting that deposition of the Popotosa Formation in
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Figure 11. Slight angular unconformity west-‘of' Silvef Creek
between the fanglomerate facies of the Popotosa Formation and
less-indurated, lighter-~colored gravels of the upper Santa Fe
Group : .

Figure 12. Sharp angular unconformity between the playa facies
of the Popotosa Formation and the light-~colored gravels of the
upper Santa Fe Group along San Lorenzo Arroyo.
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the type area began at least as early as 15.8 m., y. B. P. and may have
begun earlier since the lower contacts of the Silver Creek andesite
are not exposed, The upper limit of Popotosa depogition is indeter-

minate in this area.
Relationship to Major Structures

Structures within the typle area consist of three major nofth-
trending faults and numerous other faults with apparent‘ small displace-A
ments, A;:cording to Denny (1940, p. 102), the Cerro 'Cé)lorado normal
fault (plates 1 and 2) probably has a throw of several thousand feet
along which the Ladron upliftfook place. This fault zone; can be
traced north of the Rio Salado for about 8 wiles until it is lost beneath
upper Sant.a‘Fe Group sediments. The fault zone is a series of sub-
parallel normal faults which have locally downfaulted small siivers
of late Paleozoic and Mesozolic sedimentary rocks. A fault-line scarp
is visible locally where pre—Tertiary; rocks abut against the younger
Popotosa Formation |

The Silver Creek fault, a normal fauit xx;{th about 6, 000 feet of
displacement, is similarly related to the Ladron uplift "(Denny, 1945).
This fault can be traced from San Lorenzo Axrroyo north to the Rio
Salado, a distance of eight miles. At San Lorenzo Arvoyo, the Silver
Creek fault is offset about one mile to the west by a major northeast-
trending fault zone. The Silver Creek fault can be traced three miles

farther south; then it apparently bends toward the west. At the Rio
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Salado, the Silver Creek fzii- is offset to the west about one m-ile by

a northwest~trending fzult which ﬁla.y be an extension of the Ladron

fav;lt. The Silver Creek fzult can be t:t;a_ceﬁ northward, locally covered
by pediment gravels, uatil at the Cosby ranch it di'sappéars under younger
Sar;ta e G:é'oup sediments.

The Popotosa Formation is terminafed to the east by the Loma
Pelada fault zone. Denny {1940, p. 103) has estimate-d a possible throw
of 5,000 feet for this early Quaternary . fault and Evans (1963, p. 212)
has estimated a possible displaceme‘rit of at least 1, 000 feet. Along the.z
steeply dipping fault zone, the Loma Blanca facies of the upper Santa |
Fe Group is downdropped against the playa facies of the 'Pc.\poto sa fof
about 13 miles from Canada Vivoroso north to Canada Colorada. To
the east of Arroyo Rendija, the Loma Pelada fault has dc;wnfa,u'lted a
sliver of the fanglomerate o‘f Ladron Peak. . Another fault sliver occurs
in the Sierra Ladrones where the upper portion of the playa fac_ies has
been uplifted between the Popotosa Ar‘ro'yo and the upper drainage
system of the Arroyo Tio Lino,

Within the type area a horst of andesitic rocks is exposed in
the area between Canada Vivorosa and Arroyo Rendijal. " This horst
is bounded by a series of north-trending faults. In the area of pebble
count 29 (plates 1 and 2D), the transitional phase between the playa
facies and the fanglomerate facies, has been upliftcd with the horst.
This uplift has z;.lso caused anticlinal warping within the surrounding

playa facies.



4.
Sedimentary Structures

Within the type area several types of sedimentaxy structures
were observed ’chrc;ughout the Popotosa Formation, Trough-shaped
discorda.n‘.c contacts of cross-bedding formed by the scour-a:tnd;fill
action of strong currents occur in all three facies. Small-scale
crogs-bedding is present in the fanglomerate facies, Cros.s-bed;iing
is not abundant, as most of the scour-and-f{ill action produced laterally-
extensive shallow channels of gravel without much cross-bedding. Axes
of these channels, and of deeper channels, generally trend east-west.
Pebble imbrication is prominent ir:; both deep and shallow channels.
Parting lineation (fig. 13), although not common was also used in
determining flow direction, primarily within the playa facies where
gravel lenses are absent. Both clay balls ‘and clay clasts hav:e: been
observed in the playa facies but are not common. Graded bedding
occurs locally within the playa facies. Most of the siltstones and mud-
stones in the playa facies have planar bedding ( fig. 14). Clastic dﬂ;es
filling fracturesg in the andegite are relatively common in areas ;wvher;e

the Popotosa has been deposited on the andesite of Silver Creek.
Socorro-Lemitar Mountains
Lithology

The type area of the Popotosa Formation is bordered on the

south by the Socorro-Lemitar Mountains. Denny (1940) described the



Figure 13. Parting lineation in the lightebrowﬁ siltstone of
the playa facies. - e

Figure 14. Planar bedding in siltstones and mudstones of the playa
facies east of Popotosa Arroyo. Note gypsum seams parallel to strata
and also along fault planes.
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Popotosa only within the type area and did not follow the formation
farther south. South of San Lorenzo Arroyo, theAPopotosa Formation
consists of the fanglomerate facies and the playa facies; the fanglom-~
erate of Lad:‘fon Peak, compos;ad largely of pre-Tertiary detritus, is
absent in this area.

The fanglomerate facies represents basal Popotosa inx most of
the area south of San Lorenzo Arroyo and overlies the Precambrian
and Tertiary rocks of the Socorro-Lemitar uplif:t. OQutcrops of the
fanglomerate facies are exposed discontinut'jusly southward through -
these mountains; large, moderately dipping (35 to 40 degrees) hog-~
backs are especially conspicuous as Red Mountain and the hogback
west of Strawherry Peak. In the valley west of Polvadera Mountain,
the fanglomerate facies forms inconspicuous outcrops along the arroyos.
Farther south, within the So<:6rro Mountair}s, this facies crops out
both on ridges and in the arroyos. Andesite flows are ihterbedded
with the facies on the east flank of Socorxo Peak (Smith, 1963; Burton,
1971).

In the area of the Socorro-Lemitar uplift, the fanglomerate
facies varies from an extremely well—.indura’ced conglomerate with a
deep, reddish-brown color to a leés well-indurated conglomerate with
a reddish~buff to buff color. Most of the conglo:;nerate in the uplifted
area is the well-indurated, reddish-brown conglomerate., However,
in the areas northwest of Red Mountain and noxrtheast of Polvadera

Mountain, the well-indurated, reddish-brown conglomerates grade
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into the lesls—indurated; reddish-buff to buff conglomerate, which
ig characteristic of the type area. |

The fanglomerate facies in the Socorro- Lemitar Moﬁn’cains
consists of fluvial conglomerates and sandstones in which the con-
glomera.teé comprise 50 to 100 percent of the unit. Conglomeratic‘
mudflows are most pre;valent near tl:-te base of the Popotosa and become
increasingly coarser to the south. These mudflows 10(:3',.113;" comprise
as much as 70 percent of the conglomerates pre;sent. Saﬁc'iston;a lenses -
may comprise as much as 50 percent of the fanglomérate facies in areas
where it grades into the playa facies. Sandstone beds as much as 60
feet thick are interbedded with conglomerates iﬁ the A.r"royc‘) del
Puertecito.

The sandstones lenses are mostly four to ten inches thick and
10 to 20 feet wide: lenses two to three feet thick are rare. The fan-
glomerate facies is conspicuously stratified but sorting Withip individual
conglomerate units is crude; the poorly~sorted clasts of pebble to boulder
size usually are “ﬂoa‘ting”.in a fine-grained matrix. The clasts vary
from less than an inch to three and one half feet in dié.méteir, but average
three to six inches. In addition to the wide rﬁange in size, the clasts
vary great'ly in degree of rounding; they are coﬁlmonly subangulaxr to
subrounded but range from angular to well-rounded. Sedimentary
structures, such as cross-bedding and pebble imbrica.;cion, are not
abundant in this facles except where it grades into the pla.ya,‘facies.

The grayish-white ash-fall and water-laid tuff which is prevalent within
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the playa facies in th;a valley of Silver Creek, and elsewhere in the
type area, also occurs in the fanglomerate facies in the vé.ll.ey west
of Polvadera Peak,

The-major portion of the fanglomerate facies is-composed of
volcanic conglomerates in which the volcanic clasts vary from 60 to
80 percent and are embedded in a well-indurated, reddis‘h—.brown mat:;i:;:.
The matrix is composed of small lithic fragments (40 to '"'('0 percent),
crystal fragments (15 to 25 percent), and red well~indurated clay.
Sanidine and quartz are the most abunéant crystal fragments; biotite,
hornblénde, clinopyroxene, chlorite,and magnetite make up the rest
of the detrital minerals and total less than five peicen’c of lthe rock.
The detrital mineral grains are generally 0.4 mm to as much as 1.8
mm in length. The common cements of the:xﬁatrix are hematite and
silica with smallér amounts of calcite; about 15 to 30 percent of the |
matrix is cement. Traceamountsof zeolites are also present. Hematite
ordinarily. rims both the lithic fragments and the mineral g'rains. .

The interbedded sandstones are petrographicaliy similar to
those of the type area. They a‘re volcanic ;x;*acltes and contain about
35 percent feldspar, 15 to 20 percent quari':z and about 35 to 45 percent
volcanic lithic fragments., Biotite, horablende, clinopyroxene, chlerite,
epidote,and magnétite comprise about 10 to 15 percent. The sandstones
are poorly sorted with angular to subangular grains averaging .2 mm in
length. The grains are cemented by calcite and silica; the amount of

cement varies from 15 to 30 percent of the rock.
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The lithology of the clasts in the Socorro-Lemitar Mountains
is given numexzrically in Tables 3 and 4 and shown diagrammatically
on P]:a'tes 2C and 2D, The lithic fragments found in this area have
been derived fromi Tertiary volcanic rotks; they range from pink, ‘
gray, and white crystal-poor to crys’cal'- rich tuffs and flow~banded
rhyolites to red or bluish-black andesites and basalts. Fei-sic volcanic
clasts are more abundan;c than andesitic clasts except in exposures
near U. S. Highway 60 and in the valley west of Pélvadera Moﬁﬁtain.
Andesitic _ma,‘terial is the primary constituent in areas Whére the fan-~
glomerate facies overlies Tertiary andesites. Clasts from Tertiary
plutons or from late Paleozoic and Precambrian rock; have not been
note‘d in this area by the writer; however, Lowell {1967) o'bserve@
clasts of Precambrian granite sparsely' dispers e& in this facies in
the southern part of Socorro Mountain.

The playa facies is not as well exposed as the fanglomerate
facies. It can be traced south from the fype area to where ithac“les
into the fanglomerate facies west of the Silver Creek fault and to where
it conformably overlies the fanglorﬁerate facies east of the fault. .Fa.rther
so*;:tth the playa facies is found in two outcrop areas, one to the eaét of
S’crawll)erry Peak and the other immediately north of U. S. Highway 60.
Still smaller exposures cccur on Socorro Peak, Hogbacks, similar to
those of this facies in the type arca, appear to the east of Strawberry
Peak and farther south. WNorth of U, 8. Highway 60, the playa facies

is covered in part by younger basalt flows, talus and alluvium,.
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The playa facies is not as well induratec'i. as the fanglomerate
facies. The color varies from brown and reddish-brown to buff and,"
1oca.11y', to shades of bluish-green, green or yellow (fig. 15). Bedding
within the playa facies is well developed and varies from less than
an inch to as much as one foot in thickness. Much of the bedding in
outcrops of the playa facies has been destroyed by vgeathering which
has formed a crumbly cauliflower’-like surface. Cross-bedc-iing is
abundant locally. Generally the sandstones a;'ld siltstpnes are present
in about equal amounts; ”bult locally one or the other may be as much
as. 90 percent. Gravel lenses are lacking in the playa facies exéep?

-in areas where it grades into the fanglomerate facies. In these areas,
reddish-buff to buff conglomeratic lenses comprise as much as 50
percent of the outerop.

: Gravel‘lenses are usuaily three to six inches thick and SJ.X to
ten feet wide, but some are as much as one foot thick and 40 feet wide.
The subrounded clasts are two to three inches in diameter wi{:h.a few
as great as ten inches. A basalt flow, '25 to 30 feet thick, is interbec’id—ed
in the playa facies east of Strawberry Peak., Gypsum, in the form of
selenite crystals is locally abundant; some gypsum veins are as much as

two inches. thick.
Thickness and Areal Extent

The upper and lower contacts of the Popotosa Formation are not

exposed in the Socorvo-Lemitar Mountains. Most of the exposures in
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Figure 15. Light-green mudstones and siltstones interbedded with
typical reddish-brown strata in the playa facies east of Strawberry
Peak. DNote white veins and lenses of selenite. : '



52~

this area a:c:e either of the fanglomerate facies or of the playa facies.
Exposures of the two facies in contact occur in the Socorro Mountain
region where a total thickness of 1, OdO feetvhas been estimated for the
Popotosa Formation. The thickness is difficult to ;-zstimate because of
faulting.

The fanglomerate J_Sacies extends séuth from the type area until
truncated by the Socorro-Lemitar uplift. It crops out discontinuously
in the area west of Pc;lvadera Mountain and south t6 Straf;;vbera::y Peak, -
In this area, the thickness varies from 20 f;o 30 feet to as much as
1,200 feet. Smaller exposutres occur fgrther south i1;1 the areas of
Sc;corro Peak, Blue Canyon, Socorro Spring, Sedillo Spring and
U. S. Highway 60, Thickness at these exposures vavies fr<‘)r.'n 30 feet
to 250 feet and possibly to 500 feet.

The playa facies, located in a two by three mile a.réa east of
Strawberry Peak, may be as much as 1, 000 to 1,500 feet thick.- Farther .
south, in the Socorro Mour-ltains, exposures vary in thickness from 30 to
350 feet and possibly to 500 feet, North of U. S. I—I:-ighv;vay 60, this facies
is obscured by younger basalt flows and talus but may be at least 360

feet thick where it makes up the slopes of Black Mesa,
Age and Stratigraphic Position

Throughout the Socorro-Lemitar Mountains the Popotosa Fox-
mation is faulted against younger and older rock units. In the areas

north and west of Polvadera Mountain, the fanglomerate facies overlies
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a basaltic andesite which is very similar in appearance to both La
Jara Peak Andesité and the andesite of Silver éreek. A short dis-
tance to the north, in San lLorenzo Arroyo, the Popotosa Formation
is interl:;edded with the andesite of Silver Creek. Whether the andesite
beneath the Popotosa Formation inthe north and 'west flanks of
Polvadera Mountain is the andesite of Silver Creek ér Yia Jara Peak
Andesite is uncertain. This andesite rests directl‘y on ash—ﬂo‘w tuffs
of the Potato Canyon Rhyolite and the A. L. Peak Formation, .sug—»
gesting that it may be La Jara Peak Andesite. Farther south this
andesite is missing and the fanglomerate fagies lies‘depositionélly
on crystal-rich to crystal-poor rhyolitic tuffs of the Potato Canyon
Rhyolite dated at 30 m. y. by Deal and Rhodes {in press). Clastic
dikes composed of the finer grained matrix of the fanglomerate
facies are abundant wherever the facies overlies the Potato Canyon
Rhyolite (fig. 16}, To the east of Strawberry Peak where the section
is faulted against pre-Popotosa rocks, the fanglomerate facies is.
conformably overlain by the playa facies.

Socorro Mountain is a volcanic center which was active during
late Tertiary time. In this area the Popotosa Formation has been
intruded by, and interbedded with, volcanic dome‘s and flows of
andesitic to rhyolitic composition. A grayish-white air-fall and
water-laid tuff, similar in appearance to the one interbedded with
the Popotosa faAri:her north, but consiﬁerably thicker, is; interbedded

with and overlies the playa facies and locally appears to underlie the
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Figure 16. Contact of the Popotosa Formation with the underlying
Potato Canyon Rhyolite, Note small clastic dikes and typical reddlsh—
brown, well-indurated fanglomerates of the Popotosa. »
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fanglomerate facies. It also unconformably overlieks late Paleozoic
sediments. This tuff is well exposed near Socorro Sp'ring and crops
out discontinuously northward élong the east face of the mountain
block., Elsewhere, the fanglomerate facies overlles rhyollte :Elows.
East of the Socorro Peak, Smith (1963) and Burton (1971) reported
that the Popotosa Formation is interbedded with a series of por-
phyritic andesite flows as mu;:h as 125‘ feet thick. .

" The fanglomerate facies is .usually exposed ‘as ridg;as where
the overlying plava facies is absent. I—Iowevc;:r, ‘tAhe playa facies
does conformably overiié the fanglomerate 'fa,cieé, m some localities.
The playa facies crops out extensively soﬁth O;E Blue Canyoﬁ but is
exposed only 10ca11§' on Socorro Mountain; itvis overlain by _eif:her'
the Tertiary-Quatervary basalts of Black Mountain or by the tr.a,chér-
andesite flows and associated tuffs of Socorro Feak. The trachsp-
andesites have been dated by the K/Axr method at 11.5 million years
(C. T. Smith, oral communication, 1971) and 10, 7 million years
(Burke and oth.ers, A1963). Deposition of the Popotosa Formation
in the Socorro-L.emitar Mountains probably begaﬁ cénquA:r-ently-

with deposition in the type area which was at ieaét 16 m.y.B.P. as
dated by the andesite of Silver Creek. Deposition may have :been.
initiated considerably earlier since the Popotosa is interbedded with‘r
L.a Jara Pealk Anc'l_esite (24 m.vy., Chapiﬁ, 1971h) in the northern

Bear Mountains west of the Socorro-Lemitar Mouﬁtains.
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Relationship to Major Structures

North;f:r ending faults of major discplacement which uplifted
the Socorro-Lemitar Mountains probably exist both to the east a-nd
to the west of the mountains but are buried beneath younger Santa
Fe sediments., However, faulting of lesser ﬁagniﬁude is abundant
throughout the uplift, Numerous north-trending longitudinal‘ f;ults
and east-trending transverse faults have abutted ZF;:recambria.n and -
late Paleozoic rocks against younger Tertiary rocks, A series of
east-northeast-trending transverse faults are prese-nt‘in the area

of Polvadera Mountain (T. M. Woodward, oral communication,

~z
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1972} where the northeastntrending San Augustin 1inearﬁent of the
Rio Grande rift has trunca‘;ed the uplift {(Chapin, 1971a}. 'I‘hese.
faults have dropped the fanglomerate facies against Pfécambrian
rocks northeast of Polvadera Mountain and against late Paleozoic -
strata northwest of Polvadera Mountain. East of St;n'awberry Peak,
both the playa and fanglomerate facies have been faulted against |
Terxtiary volcanic rocks and late Paleoxzoic and Precamb:t:‘ian rocks
by longitudinal faults bounding the east side of the uplift.” To the
south, in Socorro Mountain, the playa facieé is locally faulted.
against the younger trachyandesite.

Faulting within the Popotosa is common in the northern
portion of the uplift in which the displacement appea.rs to be small
except for the southern extension of the Silver Creek fault. Near

San Lorenzo Canyon, the Silver Creek fault has exposed the contact
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.between the fanglomerate facies and the andesite of' Silver Creekn
along the western margin of the fault and ;':he contact between the
fanglomerate and playa facies along the eastern margin of the
fault. Faulting has taken place within the Popoto sé. Forma.tién_
to the east of Strawberry Peak. However, most of the faults
appear to have litile displacement except for the north-trending
fault along the western portion of this area which has uplifted

the fanglomerate facles against the playa facies to the east,
Sedimentary Structures

The fanglomerate facies in the Socorro-Lemitax I\/I:our}tains
is moderately weil stratified but individual conglqmera.te beds are
relatively structureless. Conglomerati¢ mud flows have random
fabrics and even the fluvial conglomerates are poorly sorted.
Pebble imbrications (fig., 17) are present in the better soxrted
units; channeling and cross-bedding occur locally in areas where
fluvial conglomerates are predominant. La,teralxly extensive,
shallow channels of gravel are abundant in the northern portion
of the uplift and are similar to those in the ty‘pﬂe area. Cla.stié‘
dikes peﬁetrate the underlying volcanic units,

The playa éacics contains sedimentary structures which
are similar to those found inthe type area. Trough~shaped dis-
cordant contacts of cross-bedding are abundant locally (fig. 18); .

but most of the bedding in this facies consists of parallel laminae.
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Figure 17. Pebble and cobble imbrication in the fanglémerate
facies of the Popotosa Formation near Strawberry Peak,
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Mud clasts such as those in Figure 18 are seldom observed and

parting lineation is uncommon.
Bear Mountain ~ Mulligan Gulch Graben
Lithology

The Popotosa Forn;la.tion in the Bee;,:t' l\bu_ntain-—l\/lulliga.n
Gulch graben region cropsout extensively in two areas. One area
isto the west of the Bear Mountains in T, 2 S., R. ‘5 W. and was
mapped by Tonking (1957). He described the sedimentary strata
as a fanglomerate deposited during Santa Fe time.‘ The Popotosa
Formation in this area is a bedded sequence é)f'conglomerates, sand-
stones, siltstones, and mudstones. The sandstones, siltstones,and
mudstones comprise the playa facies which is located in the south-
east portion of the area, This facies is well exposed in éec. 23,

T. 1 N., R. 5 W., where a landslide has exposed about 300 feet
of section (fig. 19). The remaining portion of this area consists
of the £anglomerate facies which is a sequence of interbedded con-
glomerates and sandstones with abundant clasts of felsic volcanic
rocks.

The second area in which the Popotosa forms extensive out-
crops is located directly to the south in Dry Lal%e Canyon. The
Popotosa Formation in this area has be-cn mappedAby Brown {1972)
and D, B. Simmons ( ox'ai communication, 1973). Brown named this

facies of conglomerates, mudflow-deposits,and sandstones of domi-~
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Figure 18. Cross-bedding in fine sandstones and mudstohes of the
playa facies east of Strawberry Peak. Note mud clast to left of
pencili, ‘ ‘

Figure 19. About 300 feet of the plava facies exposed in a landslide
scar west of the Bear Mountains. Note interbedding of thin andesitic
gravel lenses of the fanglomerate of Dry Lake Canyon at lower right;
the fanglomerate of Dry Lake Canyon also caps the hill.



~61-

nantly andesitic detritus the fanglomerate of Dry Lake Canyon. Still
farther south, along U. S. Highway 60, additional exposures' of the
fanglomerate of Dry Lake Canyon occur.

The playa facies in the Bear Mountain-Mulligan Gulch graben
area consists of 'pinkish-—buff interbedded sandstones, silttstones, and
mudstqnes with minor gravel lenses. 'The gravels increase-rapidly
in number and thickness at the transition to the fanglomerate facies.
The sediments of the playa facies are weli stratified with bedding
varying from less than an inch to as much as 18 inches thié:k. .The
éravel lenses are usually only a few inches thick and about ten feet
wide. Pebbles are subrounded to rounded and vary from one inch
in diameter to as much as five or six inches in _dia.meter, with' the
smaller sizes predominating. Cross-—beddi_n.g is Elqcally abundané.

The sandstones in this area are arkosic wackes in which
feldspar is about 40 percentl, quartz about 30 percent and lithic
fragments about 20 pexrcent. Biotite, hornblende, chlorite, sphene,
and magnetite are the commc;n heavy minerals and .usually consti-
tute between 10 to 15 percent. The sand grains are poorly to mod-
erately sorted and average about 0.3 mm in diarr;eter with some
grains as large as 0.8 mm. 7The cementing agents are principally
silica, clay, and calcite in quantities from 10 to 15 percent of the
rock. Secondary overgrowths have not been observecjl.

The lithology of the clasts for this area is given numerically

in Table 5 and diagrammatically on Plate 3. Four pebble counts were
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talken in th;a playa facies- and all but one are similaxr. Three pebble
counts consist of about 60 to 70 percent felsic volcanic clasts and
about 30 to 40 percent andesitic claskis but pebble count 58, located
in the landslide scax, consists entirely of andesite and appears to
‘be an interbedded gravel lens from the fanglomerate of Dry Lake
Canyon, Clasts derived from late Paleozoic strata occur.only' in
pebble count 60; clasts from Tertiary plutons only in pebble count
50, Andesitic fragments tend o increase in abundance to the north
and east where La Jara Peak Andesite is extensiveiy exposed,

The fanglomerate facies consist of poorly sorted gravels and
sandstones with the sandstone content decreasing to the west, The
unit is usually light-buff in color but where the detritus is composed
largely of andesite, a purplish cast develops. The sandstone beds
are moderately to well stratified and the beddiag varies from 3 to 24
inches in thickness. large-scale cross-bedding is moderately
abundant., Gravel lenses interbedded with the sa‘ndstoneé vary from
three to four inches to as much as 18 inches thick and are 5 to 20
feet wide. Pebbles are generally subrounded but angular to well-
rounded clasts are present; most of the clasts are three to six inches
in diameter with some as much as two feet in diameter, In areas
where this facles is entirely conglomeratic, coarser conglomeratic
lenses similar to those described above are interbedded with poorly
sorted pebble conglomerates in which the pébbles are legs than an

inch in diameter. Cross-bedding is present throughout most of this
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facies. In Carrizozo Canyon and near Cedar Spring the facies is
interbedded with La Jara Peak Andesite.

The sandstones within the fanglomerate facies are medium-
to coarse-grained volganic wackes. Feldspar and quartz vary be-
tween 15 and 30 percent with feldspar commonly about 25 perc.ent .
and quartz about 20 percent. Lithic fragments usually comprise 45
percent but may be as great as 70 percent, Heavy n;inerals are
biotite, hornblende, clinopyroxene, chlorite, and magnetite; they
comprise about 10 percént of the rock, The strata are poorly sorfed
with subangular to subrounded grains averaging 0.3 mm in didmeter,
but occasionall:y reaching 1, 8 mm in size, Silica, clay, and calcite
are the commeon cements and make up between 16 and 30 percent of
the rock.

The detritus in the fanglomerate faci'es is derived principally -
from Tertiary volcanic rocks, .Clasts of crystal-—riéh and cr;rstal-
poor welded tuffs and andesitic lava flows domiﬁate. Felsic ;:folcanic
fragments are most abundant in the southwestern portion of file areas
fhe number of andesitic fragments increases slighily to tl;xe ea;st and
greatly to the north. Lithic fragments from Tertiary plutons have
been observed locally; fragments of late Paleoxoic and Precambrian
rocks were not noted in this facies and quartzitic material was observed
in only one pebble count.

The fanglomerate of Dry Lake Canyon facies of the Popotosa

Formation forms a prominent dip slope along the west side of the Bear
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Mountains and is well eﬁposed along Dry I_;ake Canyon and in road
cuts alo:c;Lg U. S. Highway 60, 4,5 miles west of Magdalena, sec, 35,
T. 2 8., R. 5W, This facies consists predominantly of light-brown
to buff, poorly sorted conglomerates, and mudflow deposits with thim
interbedded sandston‘es. The conglomeratic beds are crl;.dely stratified
and vary in thickness‘from one inch to three feet.. ’I‘helpe..bbles are
mostly subangular and subrounded .bui: angular and rounded clasts are
present; the clasts are commonly fiv.e to six inches in diaméter with
some as great as 15 inches, Moderately stratified éa.ndstone beds,
varying from one to three inches to as much as three feet thick,
locally may comaprise as much as 10 to 30 percent of this fadles.
The fanglomerate of Dry Lake Canyon appears to be interbedded with
a basalt flow and a white tuff in Council Rock Arroyo; however, these
volcanic rocks may have been faulted into this position since the contacts
with the fanglomerate of Dry Lake Canyoen are obscured by younger
sediments. |

Pebblg counts in the Dry Lake Canyon facies are consistent as
shown numerically in Table 6 and diagrammatically on Plate 4. The
detritus was derived almost entively from La Jara Peak A#l;i;asii:e;
andesitic clasts constitute over 90 percent of the lithic fragments
present. Detritus from the A, L. Peak Formation and the Hells
Mesa and the Potato Canyon Rhyolites compa-rise the remaining 0 to
10 percent of lithic fragments. The larger lithic fragments are em-

bedded in a finer grained matrix of feldspar, quarts,and smaller
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lithic fragments, Heavy mineral grains of biotite, hornblende,
clinopyroxene, and magnetite make up about five to fen percent of

the matrix, Silica, clay, and calcite are the major cementing agents.
Thickness and Areal Extent

The Popotosa Formation in the Bear Mountain-Mulligan éulch
graben area is generally obscured by pediment gravel and alluvium
and only locally is it well expo ded. The attitude of the Popo%:o sz in
this area is qﬁi‘ce variable which, along with poor e@osures, makes
thickness estimation difficult. .The total estimated thickness of the
three facies is a minimum of 1, 000 feet and a maﬁm@ of 2, 000 feet.

The playa facies has an estimated thickness of Aabout 400 feet,
This facies crops out in a seven-square-mile area to the southeast of
Abbe Spring. The most extensive exposure is the landslide scar on the
mesa east of Mesa Cencerro at the location of pebble counts 58 and 59.
The fanglomerate facies has an estimated thickness of 700 feet. Dis-
continuous outcrops of this facies occur to the north and west of the
playa facies in about a2 14-square-mile area. An accurate thickness
estimation for the fangloxl;lerate of Dry Lake Caﬁyon could Ilo{;"be.-
obtained because of faulting and extensive pediment cover, onwﬁ
(1972) estimated a thickness of 500 feet for this fanglomerate which

seems to be a reasonable value.
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Age and Stratigraphic Position

Stratigraphic contacts between the three facies of f:hle Popotosa
Forrriation in the Bear Moun’cain—Mullig:.a‘n éulch graber; area are rarely
exposed, The playa fac:;es is interbedded with the fanglc:merellte facies
near the base of the formation at the north ené of the Bear Mountains}
the Dry Lake Canyon facies overlies these two facies in this a.rea; and
farther to the south., The playa facies exposed in a landslide s;car east"_
of Mesa Cencerro contains interbeds of thin andc;sitic graire;.t léiases ‘
and is capped by andesitic gravels of the fanglorﬁéraf:e of Dry Lake
Canyon (fig. 19).

The Popotosa Formation at the north anci of thé Bear Mountai.nsl
is in both depo sitional and fault contact with older Tertiary and Meso-
zoic rocks. Most of the contacts between the Popotosa and older rocks
are obscured by a thin veneer of alluvitim,., Field ew’.dence_ suggests
that faulting has taken place between the Popotosa Formation and La
Jara Peak Andesite on an east te;ibuta:ry of Carrizozo C_anyon. In
Carrizozo Canyon and also near Cedar Spring on the; east side of the
range the basal portion of the Popotosa Formation is interbedded with
the dppermost part of La Jara Peak Andesite (fig. 20}, In éarrizbzo
Canyon as much as 150 feet of the fanglomerate facies is interbedded
with La Jara Peak Andesite. The fanglomerate facies lies deposition-
. ally on a 60-foot-thick flow of La Jara Peak Andesite ,(figs. 21 and 22)
which overlies abc;ut 40 feet of interbedded fanglomerate. The un:der—-

lying andesite flow is about 100 to 150 feet thick and overlies another
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Figure 20. Interbedding of the Popotosa Formation with the La Jara
Peak Andesite in Cartizozo Canyon northwest of the Bear Mountains.

3}
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Figure 21. Depositional contact of the Popotosa Formation and the
La Jara Peak Andesite in Carrizozo Canyon northwest of the Bear

Mountains.



re

Figu—~= 22, Contact of the Popotosa Formation with the underlying
La Iz=za Peak Andesite in Carrizozo Canyon northwest of the Bear
Moumr:-zins. Note large clastic dike,
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fanglomerate xlvhich is about 100 to 110 feet thick. - More interbedded
fanglomerate facies may be present at depth. It is apparent that
interbedding of the Popotosa Formation, and La Jara Peak Andesite
has occurned over a stratigraphic thickness of about 300 feet.. At
Cedar Spring about 200 feet of La Jara Peak Andesite ovel'iies about
40 feet of the fangloimerate facies. A sa.mple-from the uppermost
interbedded andesite in Carrizozo Canyon was taken for radiometric
dating by the K/Ar method and yielded an age of ,30 m,y. This date |
is six million years oic’ler than a previous date obtained by Chapin
(1971%) from a sample of La Jara Peak A:ndesite collected in Cedaxr
Springs Canyon which probably came from above the interbedded

' Popotosa. S.tra.tigraphic studies by Brown (1971) and C. E. Chapin
{oral communication, 1973) suggest that the 24 m. y. date for La.
Jara Peak Andesite is probably correct. The older date is probably
anomalous and needs to be confirmed. The date of 24 m. y. is cor-1~
sidered to be the maximum age fox the initial deposition of the Popo=
tosa Formation.

The Popotosa Formation is extensivgly overlain by pe:dimeﬁ:
gravels of late Pliocene or Quaternary age in the Mulligan G%lchr
graben, A much dissected series of basalt flows caps these pediment
gravels along the east side of the Gallinas Range from Council Rock

south to 'Cat Mountain, The basalt has not been dated.
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Relationship to Major Structures

Faulting is common in the Bear Mountains-Mulligan Gulch
graben area with vertical dispiacemenﬁs var.ying from a few feet o
as much as 1, 000 feet or more. The predominant fault trend is
north-northwest paraliel to tila,‘t of -nume:rous dikes (Tonking, 1957). |
Northeast—»tr'en&ing faults are abundant in the southern Bear Mountains
and Silver Hill areas where the San Augustin 1i:ae‘ament of the Rio
Grande rift has superimposed its structural grain on the older north~
northwest fabric (Chapin, 1971a). One of the lar:gest faults in this -
area is the north-trending Hells Mesa fault which can be traced for
more than 30 miles from the Lucero upli;ft southward along the eastern
flank of the Bear Mountains and then soﬁth-—souf:hwesf:ward to where it
merges with the bounding faults of the Mulligan Gulch graben in the
Silver Hill area. Brown (1972, p. 86) notes that more than a i:hous_and
feet of La Java Peak Andesite has been downfaulted to the west c;f this
normal fault. Farther north, in the Puertecito Quadrangle, Tonking
(1957, p. 38) estimated a maximum vertical displacement of abhout |
500 feet, The greatest displacer‘nfant ﬁrobably' occurs in the Silver
Hill-U. S. Highway 60 area where the fanglomerate of Dry Lake
Canyon is downdropped against the A, L., Peak Formation. The Hells
Mesa fault appears to be part of a system in which sub-—par;allel faults
have been progressively stepped down toward Ithe Mulligan Gulch graben

(Brown, 1972).
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ievoral types of sedimentary structure have been observed.
throughont the Bear Mountain-Mulligan Gulch graben area. ‘Large
scala ¢ t'uég..:bedding, 5 to 25 feet, is 1ocai1y present in both the
fanglomiapate facies and the fanglomerate of Dry Lake Cany‘on (fig.

23). Smaller scale cross-bedding is presené in the playa facies.
Latorally oxtensive shallow chammels produced by scour;and-fﬂl '
oceur in uil three facies. Deeper channels are rare but some do )
oceowur-ln Lhe fanglomerate facies with the channel axes trénding
southonniwaed, Pei;ble imbrication is prominent in all three facies;
pPeting Hueation is most common in the playa facies with the lineation’

to tha tnoutheast,

Magdalena Mountains

Litholo ny

I the Magdalena Moﬁnta.ins, the Popotosa E‘ormatior; is exposed
in Watow Canyon, on South Baldy, ami on Magda.le;na Peak. Only the
fanglomepeale facies was observed in these areas. In the Water
Ganyou a veqa, the Popotosa Formation forms a steep escarp:f'nent for
aboul ane and a half miles along the east wall of the canyon and
entondy rmu[-hcastlwal:i about two miles to form a broad mesa between
Waloy Camyon and South Canyon. Outcrops of this facies on‘Souf;h Baldy

WO pourly enposed and so badly disturbed by frost heaving that it is
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Figure 23. Large scale cross-bedding in the fanglomerate facies
west of the Bear Mountains. ; : ' ' :
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difficult to obtain accurate attitudes, On the southeast side of
Magdalena Peak, the fanglomerate facies crops out between the
volcanic rocks of midnTertié,ry é,ge and the rhj-folite flows of Miocene
age which cap the peak, Only about 100 fec;_t of conglomerate is
present. | |

In Water Canyon and South Baldy, the fanglomerate facies
consists principally of well-indurated reddish~brown mudflow
deposits and fluvial conglomerates similar to thoé& in the Socorro-
Lemitar Mountains; mudfiows are predominate in Wg.ter Canyon.
near the base of the formation. On Magdalena: Pe‘ak the faziglomerate
facies is buff colored and less well—iﬁdurated and may be sf)_mewilat )
younger in age.

Stratification of this facies is prominent in the escarpment
along Water Canyon. The beds vary from one inch to as rr):ucll as
ten feet in thickness, apd average six inches to two feet in thickness,
Lithic fragments vary from less than an inch to three feet in diam-
eter and average three to eight inches in diameter; they. rangé in
roundness from angular to well rounded hut are mostly subangulazx.
Sandétone lenses were not observed.‘ Pebble conglomerate lenses
with pebbles less f;“han one inch in diameter oceur locally. Imbri-
cation and crude cross-bedding are also present, ‘

The lithology of the clasts in the Magdalena Mountains is

given in Table 7 and shown diagrammatically on Plate 5, The pebble

counts for the Water Canyon area and the South Baldy area are similar;
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detritus from. the underlying Tertiary an;'iesites comprises between
60 and 70 percent of the clasts. The remaining clasts were derived
from felsic volcanic rocks of mid-Tertiary age, primarily the Potato
Canyon Rhyolite, On Magdalena Peak felsic volcanic fragments are
the major constituent and comprise about three~fourths of’ the clasts;
the remaining detritu,-s was derived from andesitic rocks and late
Paleozoic rocks, The clasts are embedded in a matrix which is
petrographically similar to that in the Socorro-Lemitar Mountains.
The matrix is composed of lithic fragments,. felﬁspar, and ciuartz
grains. ‘The common cements of the matrix are silica,‘and hernatite;

hematite is much less abundant in the Magdalena Peak area.
Thickness and Areal Extent

The Popotosa Formation.in the Magdalena Mountains varies in
thickness from less than 100 feet to a maximum of about 600 feet. The
most extensive exposures of the Popotosa are in the area between
Water Canyon and South Canyon along the escaréments forming the
west and north sides of the mesa. A rﬁaximﬁm thickness of 600 feet
has been estimated for this avea. The fanglomeraiie facies :3.; dis-
continuously exposed between South Baldy and Langmuir Laboratory;
th,e thickness of the Popotosa Fovmation in this area probably varies

from 10 to 100 feet. A thickness of 100 feet has been estimated fox

the Popotosa exposed on the southeast side of Magdalena Peak.
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Age and Stratigraphic Position

The fanglomerate faci.es of the Popotosa Formation represents
the youngest indurated rock units present in both ﬂ;e Water Cényon and
South Baldy areas. In these areas, the Popotosa usually overlies the
Potato Canyon Rhyolite or locally overlies a.ndesites;ﬂ on. Seuth Baldy,
the andesites have been mapped as the andesite of South Baldy by
D. A, Krewedl {oral communicatioﬁ, 1973). The fanglomerate facies
on Magdalena Peak overlies the andesite of Landavaso Reservoir
(C. E. Chapin, oral communi;ation, 1973) which is laterally equiv~
alent to the andesite of South Baldy and occupies a stratigraphic.po s;':,-
tion between the A, L. Peak Formation and the Potato Canyon Rhyolite.l
Cross-bedded, white, air-fall tuffs, belonging to the craf:-'er of the
Magdalena Peak dome, overlie the Popotosa Formation on Magdalena.
Pealk and, in turn, are overlain by rhyolite flows dated at 14 m.y. by
Weber and Bassett (1963). Deposition of the Popotosa F.ormaf:ion in
the Magdalena Mountains took place‘following deposition of the Potato
Canyon Rhyolite at 31 m.y. B.P. (Deal and Rhodes, in press}); on
Magdalena Peak, the beginning of Popotosa deposition can be dated
as preceding emplacement of the Magdalena Peak rhyolite flows af;

14 m.vy. B. P.
Relationship to Major Structures

The Magdalena Mountains area has been actively faulted and

uplifted from Laramide time to the present. The area was first up-
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lifted during the Laramide orogeny and was beveled by erosion in
Eocene time, The configuration of this uplift is poorly known;
however, the later uplifts have resulted in four major fault trends
{Chapin and others‘, in preparation). The area was uplifted in early
Oligocene time during deposition of the Spears Formation, aloz;lg a
major west-northwest t:l:ending transverse fault extending from North
Baldy to the southern Gallina}s Mountains. Late Oligocene e:l;tensiona.l
faulis with north-northwest trends followed the emplacement of the
youngest ash flows. The Anchor Canyon and Nitt stocks dated at

28 m.v. (Weber and Bassett, 1963) were emplaced during t_his period
of faulting. North-trending faults related to the 513asi.n and E[{ange
deformation began in the early Miocene and have continued to the
present (Chapin and others, in preparation), The latest faulting has
offset exposures of the Popotosa Formation in Water Canyon frorﬁ
those on South Baldy by about 3, 000 feet, During this period of Basin
and Range deformation, the northern end of the Magdalena Mountains
was downdropped by a series of northeast-trending faults related to

the San Augustin lineament.
Sedimentary Structures

Sedimentary structures within the fanglomerate facies are poorly
developed in the Magdalena Mountains, Crude cross-—bedding-is occasion-~
ally observed in the Water Canyon area. Pebbles usually do not show a

preferved orientation, bub pebble imbrication is present in some areas.
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CORRELATION OF THE POPOTOSA FORMATION

Denny (1940} described the Popotosa Formation only in the
typa area and in the Joyita Hills; how.ever, field evidence indicates
that the Popotosa is far more extensive. An eme.nded definition of
the Popotosa Formgtion based on lithology, age and stratigraphic
position is proposed in order to correlate thg Popotosa of the type
area with that of the other areas.

+ The Popotosa Formation of Miocene age consists
of conglomerates, mudflow deposits, sandstones, silt-
.stones, and mudstones in which voleanic rocks are inter-
bedded. The Popotosa can be subdivided into several
facies: a fanglomerate facies which is generally well-
indurated and varies in color from reddish-brown to silver
gray and a playa facies which is less well-indurated and
varies in color from reddish-brown to buff, Along the west
side of the Bear Mountains, a unique facies, the fanglom-
erate of Dry Lake Canyon, consists almost entirely of
detritus from the La Jara Peak Andesite. Another unique
facies found along the south and east sides of the Ladron
Mountains, the fanglomerate of Ladron Peak, has an un-
usually large content of Precambrian and late Paleozoic
detritus derived from the rapid uplift of the Ladron Moun-
tains. The change from a fanglomerate facies to a playa
facies is gradual with subequal quantities of interbedded
sandstones and conglomerates present. Detritus is pre-
dominantly from Tertiary volcanic rocks but clasts of
Precambrian and late Paleozoic rocks are abundant lo-~
cally, The Popotosa is the basal formation of the Santa
Fe Group in Socorro County. It usually overlies Oligocene
or Miocene volcanic rocks; locally it overlies prevolcanic
rocks. In general, the Popotosa is the youngest well-~
indurated sedimentary formation present and is usually
overlain with angular unconformity by poorly indurated
sedimentary deposits of the upper Santa Fe Group.

This definition is adequate for differentiating between the
Popotosa Formation and rock units that are similar in appearance.
Several fanglomerates which were tentatively assigned to the Popo-

tosa Formation during the early stages of this project were eliminated
g ¥ J
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on tiu? basis. of this defi.nition. In the Mule Shoe Ranch area, three
miles to the southwest of South Baldy, a reddish-brown, well-indur-
ated conglomerate very similar to the fanglomerate facies in the
Socorro-Lemitar Mquntains crops out. This conglomerate, however,
is interbedded with Late Oligocene volcanic rocks approximately
29-30 m.y. in age and represents moat-fill sediments of the Mt.
Whithington caldera (E. G. Deal, oral communication, 1972). In

the area northwest of the Ladron Mountains faﬁglc;tﬁerates, siﬁilax
in both appearance and induration to thelfanglomerate facies in the
Silver Creek valley, are ex}_:;osed. The;e conglomerates, composed
of Precambrian and late Paleozoic detritus, have been called Popo~’
tosa Formation by Spiegel (1955). Although they are probably similar
in age and origin to the. Popotosa, they appear to have been depoéited
in the Belen basin and are composed of non-volcanic detritus; there-~
fore, they are not considered to be Popotosa in this report. IrJ_L the
arvea northwest of Magdalena, along the west side of the Silver Hill
district, éndesitic flows are interbedded with reddish-brown, well-
indurated conglomerates similar to the fanglomerate facies i;a the
Socorro-Lemitar Mquntaiﬁs. These conglomerates until rgc;ntly
were considered by tﬁe -Writer to be correlative with the fanglomeréf;e
facies of the Popotosa Formation in the area éo the north described
by Tonking (1957). However, field work by D, B, Sim.pn and C. E, -
Chapin (oral communication, 1973) has sho;vn that these conglomérates
overlie stock rocks dated at 28 m.y. and underlie La Jara Peak Andesite

dated at 24 m, y. ; therefore, they predate Popotosa deposition,
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Lithology

- Outcrops of the Popotosa Formation in the type area, the
Socorro-L.emitar Mountains, the Bear Mount;linsuMullig#n Gulch
graben, and the Magdalena Mountaiﬁs are lithologically sim;ilar,
except for the two unique facies, the :Eanglon.aerate of -Dry- Lake
Canyon and t]‘ae fanglomerate of Ladron Pe;ak. The fanglomerate
facies consists of interbedded conglomerates and sandsto-nes in which
conglomerates predominate, Conglomeratic mudflow deposits are
locally prominent near the base of the Popotosa. This facies is
usually well-indurated and reddish-brown in color; minor varianté
are buff and silver-gray. Detritus is predominantly from Tertiary
volcanic rocks; clasts of andesitic rocks comprise a significant
percentage (2(0 to -90 percent) and clasts of felsic volcanic rocks
make up most of the remainder. Detritus f:rém Precambrian and
late Paleozoic rocks may be present and are locally abundant in
the northern portion of the type area in the fanglomerate of Ladron
Peak.

The playa fa:cie_s occurs in all areas except ‘,che Malgdalena.-
Mountains, The reddish-brown to buff sandstones of this facies
are less well-indurated than the fanglomerate facies; the siltstones
and mudstones are poorly indurated, Conglomerate lenses may
comprise as much as ten percent of the wnit in areas where sand-
stones predominate and are absent in the finer-grained sec'{in'lelnl‘f:s.

In areas transitional to the fanglomerates, lenses of gravel-size
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clasts increase in number until they become predominant. The
lithology of the sediments in the playa facies is similar to that in
the fanglomerate facies except for generally finer grain size and the

presence of bentonitic and gypsiferous beds in the former.
Age and Stratigraphic Position

The upper énd lower contacts of the Popotosa Formation
within the study area are rarely exposed. Lower contacts of the
Popotosa were observed in the Socorro-Lemitar Mountains where
the Popotosa overlies the Potato Canyon Rhyolite (30 m.y., Deal
and Rhodes, in press) and basaltic andesites similar in appé,arance
to the La Jara Peal{' and Silver Creek basaltic andesites; locally
the Popotosa appears to directly overlie Precambrian rocks. In
the Bear Mountains, the basal Popotosa beds are interbhedded with
La Jara Peaic Andesite (23.8 1 1.2 m.vy., Chapin, 1971b). In the Mag~
dalena Mountains, the Popotosa overlies the Potato C'a.nyon Rhyolite
(30 m.y., Deal and Rhodes, in press) and the slightly older andesite
of South Baldy (D. A, Krewedl, oral communication, 1973}, On
Magdalena Peak, the Popotosa overlies the andésite of Land.avaso
- Reservolr, which is equivalent stratigraphically to the andesite at
South Baldy (C. E. Chapin, oral communication, 1973}, The lower
contact of the Popotosa ormation has not been observed at the type
arca, but the playa facies is interbedded \Viﬂjl the andesite of Silver -

Creek which has been dated at 15.8 + 1.5 m.y. {Weber, 1971)..
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The upper contact of the Popotosa in the type area is an
angular unconformity with poorly indurated gravels of the upper
Santa Fe Group. On Socorro Peak, the Popotosa Formation is
overlain by a trachyandesite flow and associéted tuffs which have
been dated at 11.5 m., y. (C. 'T. Smith, oral communication) and
10. 7 m.y. (Burke énd others, 1963), Rhyolite flows equivaleﬁt
to those overlying the Popotosa on Magdalena Peak havie been dated
at 14 m.y. by Weber and Bassett {(1963). Elsewhere in the study
area, the Popotosa is ove:;-lain by late‘Pliocer;e-Quaterna’ry pediment
gravels and basalt flows,

At least-5, 000 feet of Popotosa was deposited in the étudy
area during the interval 16 to 11 m.y. B. P, Depositioz;l of the
Popotosa Formation began aboul 24 million years ago dﬁring erm-
placement of the upper third of La Jara Peak Andesite and continued
at least to late Miocene time when rhyolitic flows and domes were
emplaced from the Socorro Peak and Magdalena Peak volcanic
centers., However, the upper age limit of Popotosa deposif;ion has

not been established,
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ORIGIN OF THE POPOTOSA FORMATION
Environment of Deposition

The sedimentary structures and 'internal fabric of the
Popotosa Formation are characteristic of a bolson deposit that
developed in an arid to semi«-arid_ climate, The fanglomerate
facies, including the fanglomerate of Dry Lake Canyon and the
fanglomerate of Ladron Peak, are the result of ailuviahfan de-
position. | These alluvial-fan deposits graded down s'lope into basin
deposits which are now represented by the playa facies, This mode
of deposition has beeﬁ ex?ensively studied with respect to modern
alluvial fans by Eckis (1928), Blissenback (1954), Lustig (1965),
Denny (1967}, Hook (1967 and 1968), and Bqll (1968 and 1972).

The recognition of the coarse conglomeratic units-of the
Popotosa Formation as an alluvial-fan deposit ié based upon a
number of criteria. The conglomeratic units of the Popotosa
Formation consist of poorly sorted deposits of angular to rounded
clasts in which the individual partigles rang;a_ in size from boulders
to clay; similar detrital configuration has been noted in recent fan
depo sits by Blissenback (1954). The matrix of the Popotosa -and that
of recent fan gravels is sand to mud in size and arkose tol graywacke |
in composition. The Popotosa is mostly volcanic wacke {(Williams,
Turner, and Gilbert, 1954) in composition, The Pop‘otosa Formatiop.

and modern alluvial-fan deposits have facies which change from
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coarse-grained detritus to fine-grained detritus represented by
fanglomerate and playa facies, respectively, The tectonic setting
of the Popotosa Formation, a centrla.l basin bounded by fault-block
uplifts, is typical of recent alluvial-fan deve@opmenﬁ. Further
evidence for alluvial-fan deposition is indicated by the scarcity
of organic remains in the Popotosa Formation. Recent alluvial
fans are oxidized deposits that rarely contain well-preserved or-
ganic material. The only organic material observed by the writer
in the Popotosa is an undescribed "flotsam'' of plant re:;'naiﬁs fow‘.md
in the playa deposits on Socorro Peak. Simiiar criteria have been
utilized in the ‘recognition of other ancient alluvial-fan deposits by
Fernand;az. and Enlows {1966), Nordstrom (1 970); and Steidmann {1971).
Alluvial~fan deposition of the Popotosa Formation resulted
in both water-laid and debris-flow deposits. Water-laid dep.o sits
on recent fans consist of sheet-floodand strean:l—channel sediments
(Bull, 1972). The Popotosa consists principally of sheet-flood
sediments which were deposited by surges of sediment-laden water.
that spread out from the end of the stream éhaﬁél over a fan.
Deposition is caused by a widening of the flow into a network of
braided distributary channels or sheets that decrease in depth and
velocity of flow (Bull, 1972). These sha.lloxlv distributary channels
are rapidly filled with sediment and then shifted a short distance
to another location; the resulting depc;sit of sand or gravel is shegf:—-

like. Fluvial sediments are found throughout most of the Popotosa
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and were formed by stream channels that were temporarily‘en—-
trenched into the fan, -These strearﬁ channels Were deeper and had

a greater velocity than the shallow channels associated with sheet-
flood deposits. The increased stream velocity enabléd these streams
to carry a wider size range of detritus which upon deposition re-
sulted in deposits that are generally coarser grained, more poorly
sorted, and less well-stratified than the shget-flood sediments.
Pebble imbrication and cross-stratification are present in all the
water-laid deposits.

Debris-flow deposits in the Popotosa are most prevalent in
the Socorro-Lemitar and. Magdalena Mountains. These deposité
occur in arid to semi-arid regions where there is intense rainfall
over short periods of time at irregular intervals, steep slopes with
insufficient vegetative cover to prevent rapid erosion, and source
rocks that provide a matrix of mud (Blackwelder, 1928; Fishex, 1971;
and Bull, 1972). The debris-flow deposits in the Socorro-Lemitar
and Magdalena Mountains suggest that such F:onditions existed in
these a‘reas. The source area of the debris flows appears to be
the Magdalena Mountains which because of their elevation 'p'rbbably
received more precipitation than the other upliifts bounding éhe
Popotosa basin., With this higher precipitation conditions conducive
to debris-flow deposit‘ion are met. Debris-flow depoéits in the
Popotosa are unsorted and lack well-defined bedding wif:hin individ-

ual flow sequences; upon close examination, bedding planes beiween
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flows can be discerned in outcrop. The nearly random distribution "
of the larger clasts (Bull, 1972, p. 70) indicates that these flows
were quite viscous. Bubble cavities are locally abund_ant in these
debris flows and may have formed frém:" (1) air incorporated by
the debris flows as they moved down slope, or (2) air trapped in
the soil beneath the mudfiow which moved ﬁpward and became en-

" trapped in the mudflow to form bubble cavities (Bull.. 1963).

Eolian sands may be incorporated in bolson deposits in dry
regions (Blissenback, 1954, p. 182). Dune sand can be derived
 from four sources: (1) from the breakdown of older récks or
recently cemented sedimentary rocks, (2) from sediments dfe:pos—-
ited on alluvial fans by ephemeral streams, (3) from deflation of
playa deposits, and (4) from coastal beaches bordering the desext.
The first three sources were .pre.senf: in this region and coﬁld have
been available for dune-sand develdpment i;}. the Popotosa Formation.
Ho;vever, eolian deposits have not been observed in the Popotosa
Formation within the study area. The prevailing winds during the
Miocene probably were from the southwest, as they are today, and
would have carried ;che sand across the playas to the northeast.
Eolian deposits may be present to the northeast of the type area
outside the I;egion investigate& by the author. The San Augustin
Plains southwest of Magdalena are now a likely source of dune sand,
but the topographic features of this region were not the same in the

Miocene as they are now. The San Augustin lineament (Chapin, 1971a),
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responsible for the dexreioément of the San Augustin Plains, appar-
ently did not form until after the deposition of the rhyolif;es on
Magdalena Peak dated at 14 m.y. by Weber and Basset (1963).
Most of the Popotosa deposition pre-dates formation of the San
Augustin lineament.

Alluvial-fan deposifs commonly interfinger with deposits
of adjacent alluvial fans as well as deposits of -ﬂood-—plain and
lacustrine enviromments (Buli, 1972}, Alluvial—f_an cléposits'of the
Popotosa Formation iiltertongue with sands, silts, and c;la.ys. accum-~
ulated in playas within closed ba(sins. - 'The fine- gr‘ained, uniform
texture and the regular planar stratification of these sediments are
indicative of a playa environment. Cross-stratification, parting
lineation, clay clasts, and clay balls are scarce indicating that
streams flowing into the playa were not numerous and probably only
carried water during intense rainfall., Mud cracks and ripple marks,
which are generally present in a playa facies are scarce in the
Popotosa Formation which indicates that the playa may have contained
water for only short periods of time and during the 10:nger' intervals
of dryness these structures were destroyed by deflation.

A similar mode of deposition (alluvial-fan/playa) has been
postulated for part of the Santa Fe Group at San Diego Mountain
about 100 miles south of Socorro. In this area, the basal Santa Fe
is represented by the HMayner Ranch Formation; both it and the over-
lying Rincon Valley Foxmation are Popotosa-like deposits wh.ich have

becn described by Hawley, et al. (1969), Hawley (1970), King, et al.
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(19-?1), and Seager, Hawley, and Clemons (1 971)'. The Hayner Ranch
Formation cousists of conglomerates and mudstones similar in |
character a.ncl mode of deposition to the Popotosa Formation. The
Rincon Valley Formation occupies essentiallly the same closed basin '
and coﬁsists of poorly sorted volcanic-pebble conglomer-ates which
appear to transitionally overlie the Hayner Ranch Formation. The
conglomerate facies has been interpreted as all‘uviall-fan deposition
which intexrfingers with the alluvial and lacustrine basin floor sedi-

ments.
Source Areas

Deposition in the Popotosa basin resulfced from erosion of
several highlands at various times, The location of these h‘ighlancls
has been determined by pebble~count and 'paleocurrent éata colle;:’ced )
throughout the Popotosa Formation, Inxthe pebble counts, c.la.sts
greater than one inch in diameter were counted ul-qtil about 100 peﬁbles
were identified. The lithologies were catagorized as Tertiary in-
trusive rocks, Terxtiary felsic volcanic rocks, Tertia.:-c'y andesitic
rocks, late Paleozoic rocks, .Precambrian rocks, and quartzites
of various ages. Tertiary intrusive rocks include clasts from mon-
zonitic and granitic stocks; Terfiary felsic volcanic rocks are made N
up predominantly of clasts from welded tuffs varying from rhyolite
to latite In composition but with some detritus from felsic lavas.

Clasts devived from the Spears Formation were seldom observed,
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proba_bly b;cause of Iimited exposure of the Spears Formation at the
time of Popotosa deposition; these clastls when observed were included
with the Tertiary felsic volcanic rocks, "Tertiary andesitic rocks are
predominantly andesitic clasts but éome of l;asaltic composition are
included. Late Paleozoic rocks include clasts from sandstones, silt-
stones, and limestone. Precambrian rocks include clasts from
granites, gneisses and schists., The quartzites iﬁclude quartzitic
rocks of both Precambrian and late Paleozoic agé because of the
difficulty in distinguisﬁing between them. ‘ Paleocurrent data was
collected principally by pebble imbrication mea.surémeni:.s and b.“;r
parting lineation and channeling. Paleocurrent data was not cor-
rected for bed rotation as only an average of three and one-half
degrees per measurement was noted between the apparent flow
direction and the true flow direction., Although cross-—sératification
is one of the more reliable paleocurrent indicators (Pettijohn, 1962),
it was not used because of its scarcity and poor development.

In the type area, flow directions in the fanglomerate facies,
except the fanglomerate of Ladron Peak, indica;ﬁe that the detfritus
was derived from highlands to the west. The present highlands of
the block-faulted Be;ctr Mountains are to the west; but the north end
of the Magdalena Mountains, now down-~faulted b}r the San Augustin
lineament (Chapin, 1971a), was probably the source ?f most of the
volcanic detritus found in the type area. ihe Lucero uplift of the

Colorado Plateau and the Ladron Mountains presently lie to the
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northwest of the type area. The Colc;i‘ado Plateau formed the
northxx}ést bounding highiands of the Popotosa basin during fnosi: of
the deposition of the Popotosa Formation. The Ladron Mountains
are a relatively young uplift which shed detritus southeastward to
form the fanglomerate of Ladron Peak, -

Paleocurrent directions in the Socorro-Lemitar Mountains
indicate that streamflow was principally from the west and south-
west anci to a minor extent from the south and northwest. In this
area, only Oligocene volcanic detritus is abundant in thé conglom-
erate lenses in the Popotosa. The wéstwardly flow direction, as ‘
in the type area, suggests that these clasts were derivéd from the
Magdalena Mountains, Flow directions from the south and northwest,
found on opposite sides of Polvadera Mountain, suggest that Polvadera
Mountain was a slightly positive area during depo sition.of the
Popotosa Formation.

The Popotosa Formation in the Bear Mountains consists of
Tertiary volcanic clasts which were derived from the south, west,
northwes{;,, and northeast. The Popotosa that is interbedded with and
directly overlies La Javra Peak Andesite contains imbricated pebbles
‘which suggest a soﬁrce to the south, possibly the Magdalena Méun—
tains. The overlying fanglomerate facies and the playa facies reveal
flow directions from the west and northwest suggesting a source
area in the uplifting Colorado Plateau. The fanglomerate of Dry

Lake Canyon, composed largely of andesitic detritus, contains im-
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bricated pebbles showing flow direction to northwest, west,and
southwest from the now down-faulted north end of the Magdalena
Range'. |
On Magdalena Peak, pebble imbrication shows a southwest
- source area for the Tertiary volcanic clasts within the Popotosa.
The source areaL for these clasts was probably the San Mateo
Mountains.

The detrital material of the Popotc;sa Formation i.ﬁf:he study
area was derived from uplifts to the west, northwest, and souti'lwest.
Flow directions from the east have not been observed, but only the
western half of the basin has been studied. The easxtern h:a-.]f of the
Popotosa basin probably has been destroyed by uplift and erosion
along the east side of the Rio Grande rift, Sedimentary structures,
internal fabric, tectonic setting, and facies changes were used o
interpret the environment of depositiox; of the Popotosa Formation.
The environment has been interpreted as a bolson deposit that devel-
oped in an arid to semi-arid climate. The surrounding éault—block
highlands shed detritus down slope into- an enclosed basin; the coarse
material was deposited as coalescing alluvial fa_ns while the finer
material was deposited farther down slope as playa muds and sands.
Paleocurrent and pebble-count data show that the source areas for the

detritus were to the west, northwest, and southwest and suggested that

only the western half of the Popotosa basin has been preserved,
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Tectonic History

An understanding of both the source areas and the environment
of deposition is necessaxry to interpret the tectonic events which have
led to the development of the Popotosa Format:ioﬁ. Deposition of the
Popotosa began about 24 m.y. B, P., in early Miocene time, during
- deposition of the upper one-third of Ia Jara Peak Andeéite which
occupied a su‘bsidi'ng basin to the north and northwest of Magtialena
{fig. 24}, Coarse detritus was shed northwar&, proba_.bly- from the
Magdalena area, over andesiti.c flows. A northward flow of detritus
continued for a short time following emplacement of La Jara Peak
Andesite,

Shortly after the last La Jara Peak andesitic flows were em-~
placed, the Colorado Plateau and the San Mateo-Gallinas uplift began
to rise as depicted in Figure 25. T.ertiary volcanic rocks which
capped the Mesozoic strata of the Colorado Plateau along the north
edge of the Datil volcanic fiéid were eroded and transported io the
southeast; similar detritus spread eastward from the San Mateo-
Gallinasvuplift. The coarser material was deposited as coalescing
alluvial fans; the finer material was dc;,po sited in playas now uplifted
along the west flank of the Bear Mountains, and some fine detritus .
may have been carried as far as playas in the Socorro-Lemitar and
type areas. ’

The next major tectonic uplift was that of fhe Magdalena Moun-

tains to form a westward-tilted faunli-block range, the north end of
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Whic'h was capped by La Jara Peak An;:'[esite (fig. 26). The Colorado
Plateau probably was still rising but not as rapidly as earlier, Some
detritus from the Colorado Plateau may have been carried southward
intoA the graT:;en between the Gallinas Mountains and the ancesiral
Magdalena Mountains, but most of the Popotosa in this area is
covered by pediment gravels and exposures- are not adequate to
evaluate this possibility. Detritus from the Coloradé Plgtea:u lying
north of the Ladron Mountains probably was depo si‘éec;i in the Belen
Basin, At this time, there were slightly positive areas in both the
Ladron and Polvadera Mo{;ntains as'indicated by flow directions in
basal Popotosa in i:hesé,- areas,

The northern Magdalena Mountaiﬁs began to rise raﬁidly. The
north end of thé rz;,nge was located at least as far noxrth as Bear Springs
Canvyon along the east éide of the present Bear Mountains, It was not
until after 14 m.y. B, P, that the M:':Lgclalena, Mounf:a.ins north of U. S,
Highway 60 were downfaulted along the San Augustin lineament and
this portion of the range became the series of norf:h—trendl’tng hogba;:ks

‘observed today betwéaen U. S. Highway 60 and Bear Springs Canyon
(fig. 27). Detritus derived from the éip slope of Lia Jara Peakr

Ande site-capping the north end of the Magdalena Mountains was shed
westward into the Mulligan Gulch graben. The clasts are composed
almost entirely of andesite and form the distinctive andesitic fanglom-
erate of Dry Lake Canyon. The development of the fanglomerate of

Dry Lake Canyon encroached upon the playa facies which had been shed
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Figure 27. The northern part of the Magdalena Mountains downfaulted
into the San Augustin lineament is now represented by a series of
north~trending hogbacks in the center. The Magdalena Mountains are
located at the right and the Bear Mountains at the upper left of the
picture, : ,
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southeast from the eal‘lic;r uplift of the Colorado Plateau. , This
encroachment can be obsgrved in the 1§ndslide scar west of Mesa
Cencerro where thin gravel lenses of the fanglomerate of Dry Lake
Canyon are interbedded with the playa facies, As the northern
Mapgtalena Mountains continued to rise, coarse gravels of the
fanglomerate of Dry Lake Canyon spread out across the playa
facies,

Erosion of lthe stéep east-facing escarpment of f:hé Magdalena
Mountains formed coalescing alluvial fans which spread eastward
into the type area where they o;rerlie thé earlier playa deposits.

' These alluvial fans probably coalesced with fans from the Colorado
Plateau to the north and graded down slope into a playa lake east

of the type area, Coalescence of these fans is suggested ny the-
presence of pré—Terﬁary.detritus in the ‘ff’opotosa in the northe:t:n
portion of the type area. During this time the andesite c'>£ Silver
Creek (16-m. v. } and other unnamed andesites were emplaced. After
the emplacement of the andesite; of Silver Cl-'eek, a whi£e, air-fall
tuff was erupted from an unknown source; it was partly reworked by
alluvial processes and occurs about 100 feet above the andesite of
Silver Creek in the type area. This tuff is also present in the Socorro
Mountain area where it is interbedcied with playa facies, underxlies
the fanglomerate facies, and overlies P-:t‘ewTerf:iary' strata.

Uplift of the souf:h"ern Magdalena Mountains continued until

after 16 m.vy. B, P, with the fanglomer;ates spreading into the Socorro
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area where they overlie playa sediments. Degradation of the
Magdalena Mountains followed the uplift and continued until th.e'y

were nearly or completely buried beneath their own debris (fig. %8).
During this stage of degradation, alluvial fans were deposited in

the Water Cany(;n and South Baldy areas. South of Socorro Mountain,
the playa facies overlies the fanglomerate facies inéicating that

as the supply of coarse detritus diminished, the ailuvial fané fe:-,
treated and the finer grained sedimentation begame dominant., Rapid
uplift of the Ladron Mountain occurred at this time and the fanglom-
eré.te of Ladron Peak developed. The expanding aﬂu§ia1 fans of the
Ladron Mountains coalesced with the retrea'f:'i-ng 'a.lluvia,l faﬁs of the
northern Magdalena Mountains in the area to:the south and southwest
of Ladron Peak. To the east and southeast, the alluvié.l‘fé.ll’:.s frc;m the
Ladron Mountains encroached upon playa c’leposits;; this encroa-chment
can be observed along the Popotosa Arroyo. Rhyolitié lavas were
erupted from a vent at I\/Iagdalené Peak at about 14 m. yv. and flowed
southward along the west flank of the Magdalena Mountains where they
overlie fanglomerates derived largely from the San Mateo uplift to

thé southwest, Volcanism then spread to the Socom'c\o Peak arvea where
the fanglomerate and playa facies are intruded. by, interbedded with,
and overlain by volcanic domes and flows of andesitic to rhyolitic com-~
position, On Socorro Peak, the Popotosa Formation is overlain by a
trachyandesite flow and associated tuffs which have been dated at 10.7"
m.y. (Burke and others, 1963}, No record has been found of Popotosa

sedimentis youngex than the Socorro Peak volcanism.
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POST-DEPOSITIONAL HISTORY OF THE POPOTOSA FORMATION
Diagenesis

The variation in the rocks of the Popotosa Formation with
respect to induration and color is largely due to post-_dépositiona.l
alteration., The degree of induration appears to be controlled by
the composition of the cement and by particle size. Blissenbach
(1954) states that the most common cement in alluvial-fan deposits
is calcium carbonate which is precipitated from ascending or de-
scending ground water and coats fan particles as solid layers or
concretions, or is disseminated as minute calcite crystals in the
matrix, The conglomerates and sandstones in the Popotosa are
moderately to well indurated whereas the finer grained sandstonés,
siltstones, and claystones are poorly to moderately indurated,
Varying amounts of clay in the matrix and hematite' and silica
cement are also common throughout much of the Popotosa. Rocks -
which are cemented by calciurm;l carbonate commonly occur adjacent
to rocks which are cemented by silica and hematite; furthermore,
some samples are cemented by all three materials. In most samples'
it is difficult to discern which cement came first; in one sample, over-
growths of calcite ;m quartz suggest that quartz came first. Although
the coarser grained rocks are as a rule better indurated than the fine
grained rocks, all types of rocks cemented by silica and hematite are

better indurated than those cemented by calcite., Extremely well-
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indurated rocks of the Popotosa cccur in the Socorro and‘ Magdalena
mountains., These rocks were depos;ited as alluvial fans from the
Magdalena Mountains and are generally cemented by hemaéif:;a with
varying amounts of silica. Apparently, an abundance -of clay, héma—-
tite, and silica dispersed throughout the matrix develop a strong bond
which is responsible for the extreme induration.
The colors of recent alluvial-fan deposits are due to the .{v:y'pe |

- of rocks which are present and also the the depositional climate
(Blissenbach, | 1954). Color variations in the Popotosa; are due, in
part, to lithology; for example, the fanglomerate of Ladron Peak :?.S
generally silvex;~ gray in color as a result of abundant late Paleozoic
limestone clasts. The fanglomerate facies co:mmo.nly dgzvelops a
.purplisﬁ cast where there is a large component of andesitic detritus.
However, most of the fanglomerate and playa facies in the Popotosa
are .reddish—bro_wn in color but contain only minoxr é.mounts of red-
colored clasts. One possibility for the red color is the reworking

of Mesozoic and late Paleozoic red beds, However, in areas where
_the red coloration is most pronounced, the detritus isfrom Tertiary
volcanic rocks with little or no detritus from older red beds. A more
plausible explanation for the red color is an in situ alteration such as
postulated by Walker (1963, 1967a, 1967b and 1968) and Walkex and
others (1967). Walker attributes the development of reddish-brown.
coloration in sediments to the alteration of ferromagnesian minerals

by oxidizing interstitial waters in a semi-arid terrestrial depositional
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environment, Examination of thin sections of the matxix shows
extensive alteration of the detrital hornblende anci biotite to reddish-
brown iron cxides.

Authigenic quartz, feldspar, and zeolites are present in minor
amounts in some samples., Such authigenic minerals are common -
in volcaniclastic sandstones. A possible source of the chemical
'constituents of these minerals is volcanic glass which, as it de-
vitrifies, provides pore water with all the components needed to :
form the authigenic minerals (Pettijohn, Potter and Siever, 1972,

p. 428). However, volcanic glass was :m;)t an abundant const‘ii:uent
of the detritus which formed the Popotosa Formation. Dliagene{:ic
alteration and intra-stratal solution of the volcanic détritus seems

a movre likely source.
Deformation and Erosion

A long period of regional tectonic adjustments, principally
uplift and block faulting, followed the deposition of the fanglomerate
of Ladro:ﬁ Peak, the depgradation of the Magdalena Mountains, and
the volcanism in th.e Magdalena and Socor:t:o.Peak areas. Exteﬁsive
volcanic activity in the Socorro area ceased about 11 m.y. B. P. ‘i‘he
Popotosa basin was subsequently disrupted by a number of Intra-basin
horsts, such as those of the Socorro-Lemitar Mountains and the Bear

Mountains, and Popotosa beds were tilted and eroded,
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During this period of uplift and erosion, the Popotosa Forma-
tion was stripped from the northe.rn Magtiale‘na Mountains and the Bear
Mountains were uplifted and tilted to the west. A thick gection of La
Jara Peak Andesite and the interbedded and overlying conglomerates
of the Popotosa Formation were exposed along the western flank of
the Bear Mountains. During Pliocene and Quaternary time, erosion
dissected the tilted fault blocks of the Bear Mountains and developed
extensive alluvial fans and pediment su'rfaces ,s10ping into both La
Jencia Basin on the east and the Mulligan Gulch graben on the west,
In the Mulligan Gulch graben, pediment gravels sloping eastward
off the Gallinas uplift have bul‘iedv much of the fanglomerate of Dry
Lake, Canyon., A playa facies intertonguing with the fanglomerate of
Dry Liake Canyon may exist farther to the west beneath these pedifnent
gravels.

As a result of continued sporadic uplift in Pliocene .and
Quaternary time much of the Popotosa in the southern Magda-lena
Mountains was removed by erosion. The retreating alluvial fan
depicted in Figure 28 is now represented in the present Magdalena
Mountains by the fanglomerate facies located on Sout]*.; Baldy and in
Water Canyon. During this latest episode of deformation, outcrops
of the Popotosa Formation have been uplifted by as much as 5000
feet in elevation rclative to the basins, The Popotosa has been
almost completely eroded on South Baidy and must have been

greatly reduced in volume in the Water Canyon area.
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The Socorro-Lemitar Mountains were uplifted and tilted
to the west by numerous north-trending faults of Basin and Range
style. The large vertical displacement along the eastern flav‘zﬂ‘: of -
the Socorro-Lemitar Mountains and the d:own droéping of La Jencia
Basin to the west have imposed a westerly dip on most of thé strata.
Erosion following this deformation stripped much of the -I’c;poto sa
that once covered the Cligocene volcanic rocks, The Popotosa
Formation in the type area would also have been greatly reduced
in volume if it had not been preserved by down-faulting along the
San Augustin lineament. This prominent fault system truncates
the north end of the Lemitar Mountains and forms the southern
boundary of a downthrown trough that lies between the Lemitar
Mountains on the south and the Ladron Mountain on the north
(. M. Woodward, oral communication, 1973), According to
Woodward, the vertical displacement on the southern fault system
of the San Augustin lineament is at least 2, 500 feet in thc;, area
northeast of the Lemitar Mountains. The Cerro Colorado lfa,ult
zone bounding the southern and eastern portions of the Ladron
Mountain has a vertical displacement of several thousand feet and
probably represents the bounding fault system of the lineament on
the north. The type area has been extensively deformed by move-
ments along the north-trending faults which were responsfble for -
the uplift of both the Socorro-Lemitar and Ladron Mountains.

During the Pliocene period of deflormation and erosion, younger



alluvium of the Santa Fé Gr'oup was deposited; upon the tilted Popotosa
Formation. In Late Pliocene or Early Pleistocene, another period
of uplift deformed these younger Santa Fe beds (Denny, 1940, 1941).
The major structural trends responsible for the tectonic; development
and deformation of the Popotosa Formation in the study ar ea. ai:e
shown in Figure 29,

These late Tertiary tectonic adjustments have greatly
modified the original Popotosa basin. The we;tern limit of the
Popotosa basin has not been established with certainty but probably
was the east flank of the Gallinas-San M:;,teo uplift. The eastern
limit of the basin has not yvet been delhzeated; howex.rer, e}-":posures
of volcanic conglomerates and mudflow breccias which are very
similar in appearallqcé to the Popotosa Formétion occur in the Joyita
Hills and suggest f:ha‘t the basin extended at least that fai' to the east.
This would indicate that the Popotosa basi:t} was at least 35 miles
wide in ar; eagt-west direction, The northern I?ounda'ry of the basin
probably is along the southern border of tﬁe Colorado Plateau but
the southern boundary prior to the uplift of the Magdalena Mountainé
is unknown. The uplifts of the Laéiron, Bear,r Socor:t-o—Le:c‘nitar, and
Magdalena Mountains are intrabasin horsts which have greatly modifie
the original Popotosa basin., Decformation is still active in the study
area as indicated by the high seismicity in the So<:or£o area {Sanford,
1963, 1968, and Sanford, et al., 1972) and by ﬂle presence of numerou

P].eistocehe and Holocene fault scarps (Budding and Toppozada, 1970),
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CONCLUSIONS

1) The Popotasa Formation represents the basal Santa Fe
Group along the east edge of the Mogollon~Datil volcanic field in
Socorre Coﬁnty. It usuvally overlies volcanic rocks of Oligoéepe ér
Miocene age, but locally it overlies prevolcanic rocks. In gener‘al,
it is the youngest well-indurated se.dimentary unit present and is
commonly overiain with angular unconformity by poorly indurated
sedimentary deposits of the upper Santa f‘e Group which :.:onta‘in |
higher proportions of prevolcanic detritus. DepositiOn of the Popo-
tosa Formation began about 24 m. y. B. P. during the emplacement of
the upper third of L.a Jara Peak Andesite and continued at Iéa;st to
late Miocene time when rhyolitic flows and domes were emplaced
from the Socorro and Magdalena Peak volcanic centers. The upper
limit of Popotosa depositioﬁ has not been established but it is
believed not to have continued much beyond il m. y. B. P. |

2} The Popotosa Formation is made up of conglomerates,
sandstones, siltstones, and mudstones and to a lesser extent volcanic
rocks., The sedimentary units contain a variety of clasts including
silicic welded tuffs, andesite, basalt, granite, schist, quartzite,
chert, limestone, and sandstone. Volcanic detritus greatly pre-
. dominates except in the fanglomerate of Ladron Peak. TFlow directions
and diverse lithology indicate multiple source ar-eas: “the Colorado

Plateau to the northwest; the Gallinas, San.Mateo, and Magdalena



~108-

Mountains to the west, southwest, and south; the Ladron Mountains
to the north; and the Polvadera Mountains in the center of the basin.

3) Maximum exposed apparent thickness of the fanglomerate
facies, playa facies, and fanglomerate of Ladron Peak is a,bout 5,500
feet; however, numerovus faults make it difficult_to determine thc-;
true thickness. The western half of the basin of deposition extends
for a distance of at least 25 miles eastward from the Gallinas Moun-
tains to the type area. The castern half of the ’pasin is outside the
study area and appears to have been largely desﬁroyed by erosion. i
The basin extends north; south at least 30 miles from the Magd(alena.,
Mountains to the Ladron Mountains. The original size and shape of
the basin can be only partially reconstructed from the outcrop evidence
not available,

4) The Popotosa Formation represents bolson deposition
in an arid to semi-arid climate. Erosion of the surrounding high-
lands produced bordering alluvial fans which are now the fanglom-
erates. The coarse conglomerate facies were deposited principallgf
by sheetfloods and partially by stream channels and debris flows,
The alluvial-fan deposits are made up of poorly to moderately sorted
fragments raﬁging from bouider to clay in size with 2 wide range in
angularity. The coarse-grained sediments of the alluvial-fan deposits
intertongue with the finer-grained sediments of the playa deposits.
The change from the fanglomerate facies to the playa facies is

gradational through an interval in which subequal quantitics of inter-
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bedded sandstones and conglomerates are present. The playa
deposits consist of sandstone, siltstone, and mudstone of uniforfn
texture that were deposited as thin, planar beds.

E{) Deposition of the Popotosa Formation began about 24 m.y. B, P.
during the emplacement of La Jara Peak Andesite. The Colorado
Plateau began to rise shortly tl'lereafter and shed detritus from the
northwest into the Popotosa basin, The original basin was modified
by uplift of the Magdalena Mountains} a long period of erosion en'.sued
until this highland was buried beneath its 6wn debris. During the
degradation of the Magdalena Mountains, the Ladron Mountains were
rapidly uplifted and the fanglomerate of Ladron Peak developed.

6) Sporadic volcanism occurred during deposition of the
Popotosa Formation., The upper one third of La Jara Peak Andesite
(24 m, vy, ) was emplaced during Popotosa deposition; very similaft'
basaltic andesites were erupted later in the type area (andesite of
Silver Creek, 16 m.y.) and along the Lemitar-Socorro Mountains.
White ash-fall and water-laid tuffs were er'upted from an unknown
source shortly after emplacement of the andesi£e of Silver Creek.
Silicic domes and flows were erupted at Magdalena Peal (14 m. y.)
and Socorro Peak {11 m.y.) where th"ey intrude Popotosa sediments.

7) A long period of block faulting, erosion, and deposition
has formed the present topography. The original Popotosa basin
has been greatly modified T;y uplift of several intrabasin horsts,

such as the Bear, Magdalena, and Socorro-Lemitar Mountains, The



north end of the Magdalena Mountains has been truncated by down-

faulting along the northeast~trending San Augustin lineament; the
Popotosa Formation in thé type area haet been preserved by down-
favlting along this lineament. Differential uplift of the central and
southern parts of the Magdalena Mountains has vertically displaced
the Popotosa by 3, 000 feet between South Baldy and Water Canyon.
The study area is still being actively deformed as indicated by the
high seismijcity and the presence of numerous éleistocene and

Holocene fau.li: scarps.
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APPENDIX

Statistical Data for Pehhles

Legend of Abbreviations:

Detailed Lithology of Clasts

And
XRT
XPT
Ash
FBR
Gr
Mo
Qtz
Se
Ls
Cht
8s
MISC
P
TC

= andesite

it

iU

crystal-rich tuff
crystal-poor tuff
ash

= flow-banded rhyolit

LS | I

i

granite . :
monzonite
quartzite

schist

limestone

= chert

i

sandstone

miscellaneous

total percent

total number of clasts counted

Generalized Lithology of Clasts

T And
T ¥V
TI
TV
LP

re
Otz
MISC
TP

nwnrononon

[

]

Tertiary andesites; And and MISC

Tertiary felsic volcanics; XRT, XPT, Ash, and FBR

Tertiary intrusives; Mo

Total Terxtiary volcanics

Late Paleozoic; Ls, Cht, and Ss
Precambrian; Gr and Sc
Quartzites

Miscellaneous

Total Percent




Table 1. Litholopy of clasts in the fanglomerate facles west of the Silver Creeck fault,

100.0

Location 83 71 73 86 72 27 5 6 20 21-22 23 9-10 3 13
Detailed Lithology of Clasts

And 4.0 9%.,0 7.9 57,7 99.0 75.5 80.6 71.4 75.5 29,4 28.2 64,3 78.0 90.2

XRT 3.8 12.5 12.8 8.2 7.1 48,2 50,0 10,0 3.4

XPT 4,0 1.0 18.3 26,9 1.0 3,2 11,2 11.9 13.2 12.8 13.6 3.8

Aszh 1.2

FBR !

Gr ’ 2.7 1.9 W7

Yo 7.4 1,2 1.8 1,0 3.4 3.8

gtz 1.0 . & 1.9 1.3 2.0

Sc 1.9 1.0 3.5

Ls 1.9 3.0 1.9 2.7 1.7

Cht .6

58 1,1 8.5 13,7 14,1 3.4

MIC 2.0 _ 1.0 ' C

TP 100.0- 100,0 100,0 ' 100,0 100.0 100,60 100.0 100.0 100.1 100.0 100.0 9.9 100.1 100.0

TC 100 100 100 104 100.0 94 08 84 53 87 100 125 59 51
Generalized Lithology of Clasts for Plate Za

T And 96,0 99,06 77,9 57.7 99.0 75.5 80.6 ~7L.4 76.5 29.& 28,2 64.3 78.0 90,2

T FV 4.0 1.0 22,1 39.4 1.0 16.0 9.4 19,0 13.2 48.2 50.0 24,06, 17.0 3.9

TI 7.4 100.0 1.8 1.0 3.4 3.9

v 98.0 100,0 100.0 97.1 100.0 98.9 90.4 88,7 79.4 79.2 88,3 98.4 98,0

LF ' 1.1 7.2 10.4 17.3 16,0 6.1 1.7

BC 1.9 1.2 2.7 2.9 4.2

QTZ : 1.0 1.2 . o6 1.0 1.3 2.0

TP 100.0 100.0 100.0 100,0 100.0 100.0 100,0 100.1 100.0 100.0 99.9

100.1 100.0

A



Table 1. (cout.) Lithology of clasts in the fanglomerate facies west of the Silver Creek fault,

Location 15

Detailed Lithology of Clasts
And 100.0
XRT :
XPT
ASh
T'BR
Gr
o
Otz
Sc
Ls
Cht
Ss
MIC
TP . 100.0
TC 35

A

Generalized Lithology of Clasts for Plate 7z

T And 160,.0 -

T FV

TI

Vv

LF
"BC

OTZ

T2




Table 2. ‘Litholony of clasts in the playa facies west of the Silver Creck fault and in the fanglomerate of Ladron Peak.

playa facies

Location 84 85 26 25
Detailed Lithology of Clasts

And 87.2 -77.7 51,8 . 70,9

XRT 1.0 3.9 : 13.3 7.6

T . 11.8 16.3 28.9 6.3

Ash 4.8

FBR

Gr

Mo 1.2 . 15,2

Qtz

Se

Ls

Cht

Ss

MIC 2.0

TP 100.0 100.1 100.0 -100.0

TC 102 103 83 79

Generalized Lithology of Clasts for Plate 2b

T And 87.2 79.7 51.8 70.9
. T FV . 12.8 20.4 : 47.0 13.9

TI : ﬂ 1.2 15.2

TV 100.0 98.1 100.0 100.0

Ly

BC

QTZ

TP

100.0 ' 100.1 100.0 100.0

~eZI"



%able 2. (cont,) Lithology of clasts in the playa facies west of the Silver Creek fault and in the fanglomerate of Ladron Peak
fanglomerate of Ladron Peak
Location 1 &7 48 46 24 7 i 17 37 38 39 13
. Detalled Lithology of Clasts
E And 32,2 29,1 26,0 51,1 30.0 14,1 18.8 23,8 17.7 28,3 68,8 59.7
i XRT 5,7 11,5 12,5 147 5.6 4.7 12.9 5.7 1.1 3.9
5 X7 0.0 17.5 9.6 7.4 12,9 1.0 6.3 9 21,5 2,6
Ash 6.7 . 1.0
FBR , ,
Gr 1.0 1.9 3.2 20,0 21,2 25.7 31.0 58,5 4,3
Mo 1.1 .
Qtz 2.2 1.0 1.9 3.2 3.3 3.5 : 13.7 2.8 3.2 6.5
Se 8.9 2.0 1.0 1.1 16.5 4.7 44,6 9.5 ‘9.4 18.2 ,
Ls 2.1 23,3 36,5 12.8 36.7 40,2 27.1 15.8 2.6 .
Cht . N
Ss 13.3 &8 8.7 5.4 44 1,0 2,6 3,9 . 1.1 6,5 '
3 MIC 1.9 : .
i TP 00,1 100,2 100,0 100.2 100.0 100.0 100,0 100,0 99,9. 99.7 100.0 100,0
: TC 90 103 104 94 90 8z 85 101 158 . 108 93 77
: Generalized Lithelogy of Clasts for Plate 2b
A T And 32,2 29.1 27.9 51.1 30.0 14.1 ig.8 23.8 17,7 28,3 68,8 59.7
T ¥V 22,4 35,0 22,1 22.3 5.6 4.7 25.8 2.0 12,0 I 22,6 6.5
TL 1.1 '
TV 54,6 64,1 48,1 74,5 35.6 18,8 44,6  25.8 29.7° 29,2 91,4 66,2
Lp 34,4 32,1 45,2 18.2 61.1 41,2 29.5 3.9 15.8 1.1 9.1
PC 8.9 3.0 2,9 4.3 36.5 25,9 70.3 40.5 67.9 4,3 18,2
QTZ 2.2 1.0 1.9 + 3,2 3.3 3.5 - 13.9 2.8 3.2 6.5
TP 100.1 100.,2 100,.0 100.2 100.0 100.0 100Q.0 100.0 99.3 99.9 100.0 100.9

O PR 5 A TR e s AL T S L B s N



Table 3, Lithology of clasts in the fanplomerate faciles cast of the Silver Creek fault.

Location 57-92 87 94 . 28 68 96 82 80 81 70 67 69 77

79
Detailed Lithology of Clasts
And 72,8 47,2 19,3 41,4 34,4 37.4 23,2 50,5 7l1.4 55.9 45.5 48,4 35.2 30.3
XRT R 5.6 10,1 3.6 2,1 52,3 .12.5 21.3 5.1 24,7 5.2 12.0 7.9
XPT 3.1 10.1 8.2 18.0- 63,5 10,3 64,3 28,2 23,5 43,0 24,7 42,3 47,2 59.6
Ash 1.1 2,1
FBR 23.2 37,1 61,4 36.9
Gr 1.0
Ho :
Qtz 2.1 3.7 2.2
S¢ : ' 1.8
Ls 1.0°
¢t ]
S8s 1.0
MIC
TP 100.,0 100.0 100.0 99.9 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.1 99.9 100.0
G 102 89 ° 109 111 98 107 112 98 98 93 97 97 108 103
_ Generalized Lithology of Clasts for Plate 2c ‘
T And 72.8 47,2 20,3 41.4 34,4 37,4 23,2 50,5 71.4 55.9 45.5 48.4 35.2 30,3
T FV 27.2  52.8 79.7 58,5 65.6 62.6 76.8 49.5 28.6 44,1 -51L.5 47.5 59.2 67.5
TI o , : _
TV ' 100.0 99.0 99,9 100.0 100.0 100.0 100.0 100.0 100.0 97,0 95.9 94,4 97.8
P ; 2.0 2.1
rC 1.0 1.8
QTZ ' ' : 2.1 3.7 2,2
TP 100.0 100.0 100.0 99.9 100.0 100.0 100.0 100,0 100.0 100.0 100.0 100.1 99.9 100.0

YA R



in rhe fanrlomerate facies east of the Silver Creex tault,

Location 2 3 % 35
Detailed Lithology of Clasts -

And 37.0 38.0 30,9 .8

XRT 23.4 24,1 23,6

XPT 4.9 16,5 14,7 .8

Ash 1.2

FBER

Cr 30,2

Mo 1.2

qez 4.9 13 5.9 14.3

Sc 3.7 6,3 7.4 19.8

Ls 12.3 1.3 5.9 32.5

Cht .8

Ss 11.1 12.7 11.8 .8

MIC '

TP 99.7 160.2 100.2 100.0

TC 81 79 68 126
Generalized Lithology of Clasts for Plate Ze

T And 37.0 38.0 30.9 .8

T TV 29,5 40,6 38.3 .3

TI 1.2

TV 67.7 78.6 - 69.2 1.6

LP 23.4 i4.0 17.7 34,1

PC 3.7 6,3 7.4 50.0

QT2 4.9 1.3 5.9 14,3

TP 99.7 100.2 100.2 100.0

~921-



Table 4. Lithology of clasts in the playa facles east of the Silver Creek fault,

Location 91 97 95 78 29 32 31 34 36 76
Detailed Litholoev of Claste
And 28,6 23,2 47,1 34,2 45,2 47,1 38,8 31,4 24,4
XRT 7.6 3.2 24,5 16.8 8.6 16.7 14.3 14,7 3.4
XpT 0,5 72,6 25,5 26,5 43,0 15,7 23,5 11,9 1.7
Ash 2,2 :
FBR 53.3 1.1
Gr 23,5
Mo 35.7
Qez 2,9 1.8 1.1 7.8 8.2 1.8 11.8
Sc £.,2 12,5
Ls 3.9 3.1 6.4 28,6 25.0
Cht 26.8
Ss 3.8 12,2 13.8 2.7
MIC
TP 100.0 100.1 100,0 100,0 100.,1 100.0 100.1 100,0 100.3 100.0
IC 105 95 102 113 93 102 98 109 119 112
Generalized Lithology of Clasts for Plate 24
T And 28,6 23,2 47,1 54,9 45,2 47,1 38,8 51,4 24.4
T FV 7L.4 76,9 50,0 43,3 53.8 32,4 37.8 26.6 5.1
TT : _ .
v 00,0 100.,1 97,1 98,2 99,0 79,5 76,6 78,0 29.5
LP ' - 12,7 15,3 20,2 31,3 26,8
" PC 27.7 60.7
0TZ ‘ 2.9 1.8 1.1 +7.8 8.2 1,8 11.8 - 12,5
TP 1060.0 100.1 100.0 100.0 100,1 100,0 100.1 100.0 100.3 100.0

“LZI-



Table 5, Lithology of clasts in the fanglomerate and playa facies west of the Bear Mountains.
fanglomerate facies
Location 65 64 61 53 62 63 51 90 52 33 99
Detailed Lithology of Clasts
Angd 27.7 25,7 37.2 17,1 23.4 23.0 54,3 67.3 67.9 76,0 9.5
XRT 41,0 35,4 11.6 35.1 26.6 44,0 @ 1,1 2. 2.6 16.8
XPT 31.4 38.9 50.0 47.7 46.8 32.0 44,7 31,8 25.7 21.0 33.7
Ash 1.2
FAR 1.0
Gr
Mo 3.2 1.0 3,8
Qtz 2.0
Se
Ls
Cht
S8
Mic
TP 100,31 100.0 100,60 99,9 100,0 100.0 100,11 100.,0 100,0 100,0 100.0
TC 83 113 86 111 94 100 94 107 78 100 101
Generalized Lithology of Clasts for Plate 3
T And 27,7 25,7 37.2 17,1  23.4 23,0  54.3 67,3 67.9 76.0 49,5
T FV 72.4 74,3 62.8 82.8 73.4 76.0 45,8 32,7 28.3 22.0 50,5
TI . 3.2 1.0 3.8
TV 100,1 100.0 100.0 99,9 100.0 100,0 100,1 100.0 100.0 = 98,0 100.0
LY
PC .
0Tz . . - . 2.0
TP 100.,1 100.0 100.0 99,9 100,0° 100,0 100,1 100,0 100.0 100.0 100,0

-8Z1~



Table 3. (cont.) Lithology of clasts in the fanpglomerate and playa facles west of the Bear Mountains,
plava facies
Location 60 59 50 89
Detaiied Lithology of Clasts
And 38.0 100.0 36.6 28,7
XAT 17.7 2.4
XPT 40.5 56,2 71.3
Ash 1.3 1.2
T8R
Gr
o 3.7
Rtz
Sc
Ls
Cht
Ss 2.6
HIC )
P 100.1. 100.,0 100.1 100.0
TIC 79 85 82 94
Generalized Lithology of Clasts for Plate 3

T And 38,0 100.0 36.6 28,7
T FV 59,5 59.8 71.3
TI. 3.7 “
ey 97,5 100.1 100.0
Lp 2.6 :
PC
QT2 , ' :

: 100,1 100.0 10¢.1 100.0

Tp

621~



Table 6. Lithollogv of clasts in the fanglomerate of Dry Lake Canvon.

Location 103 102 54 104 58
Detailed Lithology of Clasts
- And 94.0 92.1 98,8 96.0
XRT 2,0 5.0
XPT 3.0 3.0 4,0
Ash
- FBR
Gr .
Mo - 1,2
Qtz 1.0
Se '
Ls L’:
Cht e
8s
MIC .
TP 100,0 100.,1 100.0 - 100.0
TC 100 101 33 100
Generalized Lithology of Clasts for Plate &
T And o 84,0 92.1 98.8 . 96.0
TFV . 5.0 8.0 - 4.0
FIE S : i,2 : :
v o 99.0 - 100.0 100.0
. LP .
PC i
QTZ ' 1.0 C
TP 100.0 100.1 100.0 100.0



Table 7., Lithology of clasts in isolated fanpglomerate facies and unper Santa Fe Group exposures,

Fanglomerate Facies Upper. Santa Pe Group
Cadar Spring South Baldy Water Canyon : _ Type Avea.
Location 75 14 55 56 93 A B C
19 35 &0
Detalled Lithology of Clasts
And 86.7 62.0 67.9 70.8 22,8 2.6 .8
XRT 3.1 38.0 29 .6 29,2 10.7
T 10.2 2.5 38.1 2.6 .8
Ash .
FBR 27.4
Gr &.4 30,2
Mo 35.9
Qtz 9 143 .
Sc : 19.8 33.7 "
Ls . 75.4 32,5 30.5 —
ht 6.1 .8 !
Ss . 1.0 8.0 .8
MIC ‘ . o
TP 100.0 100.0 100.0 100.0 i00.0 - 1006.0 100.0 100,1
TC 28 99 89 96 84 114 126 92
. Generalized Lithology of Clasts for Plate 5
T And _ 86.7 62.0 . 67,1 70.8 22.8 2,6 8 66,4
T FV 13.3 38.0 32.1 29.2 i 76,2 2,6 .8 33,7
T
TV 100.0 100.0 100.0 100.0 - 99.0 5.2 ‘1,6
L? 1.0 89.5 34.1
rC ’ 4.4 50,0
OTZ , ‘ 9 14.3
P 100.,0 100.0 100.0 100.0 100.0 - 100.,0 100,0 100.1
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