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ABSTRACT

The Animas Mountains are a north-south-trending range in south-central Hidalgo
County, New Mexico. Precambrian basement rock is granite dated at 1,200+ 40 m.y.
Approximately 3,500 ft (1,000 m) of Paleozoic marine and 10,000 to 15,000 ft (3,000
to 4,500 m) of Cretaceous clastic sedimentary rocks are exposed in the area. Cretaceous
rocks are dominantly synorogenic with respect to latest Cretaceous-earliest Tertiary
Laramide orogeny. Tertiary rocks are chiefly post-orogenic intrusives and volcanics.
Laramide structure consists of thin thrust plates of Paleozoic and Lower Cretaceous
rocks thrust to the north and northeast over Upper Cretaceous synorogenic rocks. An
upfaulted block of basement and lower Paleozoic rocks at the north end of the area
has resulted in local detachment and fragmentation of the lowest thrust plate and
suggests a general mechanism for detachment of the lowest thrust plate outside the
area studied. Post-Laramide structure involves normal faults and acidic intrusives in-
jected along fractures, accompanied by volcanism. Normal faulting has continued to the
present.



INTRODUCTION

L ocation

The area covered by this report consists of the northern-
most part of the linear north-south-trending Animas Moun-
tains in south-central Hidalgo County, New Mexico (fig. 1).
The settlement closest to the areais the hamlet of Animas
reached viaU. S. Interstate Highway 10 and New Mexico
State Highway 338. A passenger car could be driven on graded
gravel roads to within amile and a half of any part of the area.
However, torrential rains during local summer storms can
make roads impassable. Unmaintained gravel roads deteriorate

rapidly.
Previous Work and Methods

Darton (1922, p. 275) mentioned the occurrence of ig-
neous and sedimentary rocks in the Animas Mountains. The

only other published work on the geology of the northern
Animas Mountains is the reconnai ssance geol ogic map by
Zeller (1958). Although Zeller recognized the thrust faults
and mapped many of the outcrops, most of the details of the
structural geology were not known prior to the present study.

The objective of thiswork was to produce an accurate bed-
rock geologic map of the northern Animas Mountains (fig. 2,
in pocket), and interpret the structure of the area. Field work
was undertaken for 39 days during the spring of 1971. Field
data were collected and plotted directly on 1:20,000 U. S.
Soil Conservation Service aerial photographs. Accurate or
large-scale or planimetric base maps of the area suitable for
geol ogic mapping were not available. The fifteen-minute Playas
topographic quadrangle covers nearly all the area, but the
topography shown is highly generalized and too inaccurate for
ageologic map base. The base map used was compiled as over-
lays on the aerial photographs. Thus, the map is distorted
somewhat, especialy in the north-central part. This distortion
has little effect on the outcrop pattern or interpretation of the
structure.

In addition to field work in the northern Animas Moun-
tains, several days were spent reviewing the work of Zeller and
Gillerman in the Big Hatchet, Animas, and Peloncillo moun-
tains, respectively. Type and reference stratigraphic sections
were studied for better control of the stratigraphy in the
northern Animas Mountains.

Several geologic problems of the area remain unsolved.
Although the complex structure of the area would make such
work difficult, most details of the stratigraphy need additional
study. Detailed analysis of fossils from Cretaceous rocks will
aid greatly in understanding L aramide events. The sequence of
igneous rocks presented in this paper should be considered
only tentative until radiometric dates are determined. The
active faulting in the area may prove important in further
understanding of deformation in the region.

Physiography and Climate

The northern Animas Mountains are low, angular hills and
ridges surrounded by pediments. The local relief between
Animas Valley and the highest prominence at the north end of
the area (6,055 ft, 1,850 m) is approximately 1,300 ft (400 m).
In most places the relief is considerably less, and rarely
exceeds 500 ft (150 m). Slopes probably average 25°, and
depend upon composition of bedrock and location of drain-
age. Breaks in slope between the pediments and bedrock are



abrupt and ridge and spur lines are sharp. All drainageisinter-
mittent and radiates outward from the range.

The arealiesin the Mexican Highland region of the south-
western United States and northern Mexico. The climateis
dry. Precipitation is variable and unreliable; the maximum
occurs during the summer months, but the annual average
810 10in (20 to 25 cm) (Long, 1946) is inadequate for most
agriculture. Daytime temperatures in the summer often exceed
100°F whereas bel ow freezing temperatures, especially at
night, are common during the winter. Vegetation is sparse and
commonly varies locally with slope, composition of bedrock
and surficial deposits, and availability of water.

Economy

At present, the only economic activity in the northern
Animas Mountainsiis cattle grazing. Lack of water and abun-
dant forage make this limited use marginal. In the past, one
mine in the area produced some silver. The workings are
presently abandoned. Exploration mining excavations, com -

mon throughout the area, were examined cursorily, and are
probably valueless.
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ROCK UNITS

Bedrock exposed in the northern Animas Mountains varies
in age from Precambrian to Recent. Nowhere in the area are
complete sections of any of the rock units exposed. Due to the
complex structure of the range and intense internal deforma-
tion of individual beds, most exposures are very poor. Prox-
imity to Tertiary igneous rocks commonly resulted in alter-
ation of many of the sedimentary rocksinasmuch as shaleis
hornfelsic and limestones are locally recrystallized near their
contacts with intrusives. Forceful injection of igneous bodies
further complicates already complex structure making reliable
section measurement nearly impossible.

The Precambrian is represented by a pink, coarse-grained,
porphyritic granite. The Paleozoic to Lower Mesozoic section
is composed chiefly of marine sedimentary rocks, whereas
Upper Mesozoic to lower Tertiary rocks are synorogenic and
clastic. Most Cenozoic rocks of the Animas Mountains are
igneous. Quaternary to Recent alluvial and colluvial gravels,
in many placesindurated by caliche, are found as talus, stream
deposits, and pediment veneer along the periphery of the
mountains.

Several unconformities occur in the stratigraphic column.
Asreported by Kinney and others (1970, p. 21), the age of the
Precambrian in the northern Animas Mountains is 1,200+40
m.y. Nonconformably overlying the Precambrian is the Bliss
Formation of Late Cambrian age (Zeller, 1965, p. 11-12).
This contact is undulatory; the Blissis highly variable through-
out the region. A minor disconformity occurs between the
El Paso Formation (L ower Ordovician) and the overlying
Montoya Dolomite (Zeller, 1965, p. 19). Due to lithologic
similarities of the upper part of the El Paso and the lower part
of the Montoya, this erosional break is difficult to recognize
in the northern Animas Mountains. Regionally and to the east,
the Silurian is represented by the Fusselman Dolomite
(Kottlowski, 1963, p. 22-24). However, throughout Hidalgo
County and southeastern Arizona (Gilluly, 1956, p. 29)
Silurian rocks are absent. In most places in the northern
Animas Mountains, an erosional surface cuts deep into the
Montoya Dolomite, and in some places this latter unit ismis-
sing also. The Escabrosa Group (Mississippian) is separated
from the overlying Pennsylvanian and Horquilla Limestone
(Lower Permain) by an erosional surface at the top of the
Paradise Formation. This erosion removed the Paradise en-
tirely at some localities, making distinction between the two
massive limestones difficult.

Rocks of Leonard or Guadal upe age are not exposed in the
northern Animas Mountains. In the Big Hatchet Mountains,
Zeller (1965) indicated a thickness of approximately 6,000 ft
(1,850 m) for Middle to Upper Permian rocks. In structure
section, Zeller and Alper (1965) estimated 5,000 ft (1,500 m)

for the same interval in the southern Animas Mountains; and
Gillerman (1958) indicated approximately 1,500 ft (500 m) to
the west of the Animas Mountains in the Peloncillo Mountains.
From the regional pattern, rocks of Leonard and Guadalupe
age certainly must occur at depth in the vicinity of the north-
ern Animas Mountains. No sedimentary rocks of Triassic or
Jurassic age are known from southwestern New Mexico and
southeastern Arizona (Kottlowski, 1963, p. 71; Z€ller, 1965,
p. 54-55; Hayes and Drewes, 1968, p. 51-54).

Cretaceous rocks of estimated 10,000 to 15,000 ft (3,000
to 4,500 m) thickness occur in the northern Animas Moun-
tains. Similar thicknesses were measured by Zeller (1965,
1970) in the Big Hatchet and Little Hatchet Mountains, as
well as by Gillerman (1958) and Gilluly (1956) for areas to the
west. Zeller mentions an angular unconformity between Lower
and Upper Cretaceous rocksin the Little Hatchet Mountains
(1970, p. 8). A similar unconformity has been reported in
southeastern Arizona by Gilluly (1956) and Hayes and Drewes
(1968). This unconformtiy marks the inception of strong
Laramide tectonism and is probably regional in extent, al-
though not directly observable in the northern Animas Moun-
tains.

Significant accumulation of sedimentary materials has not
occurred in the northern Animas Mountains since early
Tertiary time. Tertiary igneous rocks range in texture and
composition from a porphyritic quartz monzonite to quartz
latite and vitrophyre. All intrusive rock occurrences appear to
be controlled by older structuresin the country rock. Expo-
sures of volcanic rock probably are remnants of an originally
much more extensive volcanic pile. South of the area studied,
the Animas Mountains are composed mostly of volcanic rock.

Travis (1955) rock classification is used for sedimentary
and igneous rocks. Bedding thickness modifiers are those given
by Kelley (1956, p. 294); and the standard Wentworth scale
(1922) isused for grain size.

Precambrian Granite

Brownish-pink, coarse-grained, porphyritic granite is ex-
posed in the north-central part of the areaimmediately below
the Bliss Formation, aswell asin several places below the
thrust plate of Mojado Formation rocks. This graniteisthe
only Precambrian rock exposed in the northern Animas Moun-
tains.

Microscopically, this graniteis found to contain 6.0 to 12.0
mm sericitized phenocrysts of microperthite in a hypidio-
morphic granular groundmass consisting of equal amounts of
strained quartz and orthoclase. Chloritized and oxidized
limonite-stained biotite is common. The rock also contains a



small amount of microcline and opagque minerals. Cataclasisis
common, as nearly all the crystals are fractured. Due to
wesathering, alteration, and shearing, the result of faulting, all
Precambrian exposures in the area are very poor. Except
where incised by drainages, the granite outcrop is seen as grus
composed principally of weathered orthoclase and quartz.
Where a cover of debrisis absent, the exposure is stained
brown from limonite derived principally from oxidized biotite.
Tertiary intrusions are found near most Precambrian out-
crops. Fracturesin the granite result in even the best ex-
posures being rubbly and difficult to sample.

Cambrian
Bliss Formation

The type locality of the Bliss Formation isin the Franklin
Mountains, near El Paso, Texas (Richardson, 1904). In the
northern Animas Mountains, the Bliss Formation is uncon-
formable on the Precambrian, and forms alow cliff. Approx-
imately the lowest 20 ft (6 m) of Bliss consists of arkosic
conglomerate with cobbles and boulders of Precambrian
granite. This passesinto 0 to 30 ft (O to 8 m) of hard, mas-
sive, glauconitic quartz sandstone. In a 360-ft (95-m) section
of Bliss measured at Station 1, this sandstone contains 25 per-
cent glauconite, and is areliable marker horizon wherever seen
in the study area. Higher in the section, the Blissis arenaceous,
brown, saccharoidal dolomite, which resembles similar, al-
though less arenaceous, dolomite of the El Paso Formation.
The highest beds of Bliss are 75 to 100 ft (20 to 30 m) of
resistant white-tan orthoquartzite which forms a cliff below
the El Paso dolomite. Although the Blissis consistent litho-
logically throughout the area, and southwestern New Mexico
in general (Zeller, 1965, p. 8-11; Gillerman, 1958, p. 18-21),
extreme variation in thickness can make positive identifica-
tion of the Bliss difficult. Small fensters of Bliss rocks imme-
diately south of Station 1 are mapped as Bliss on the basis of
glauconitic sandstone occurrence and proximity to Precambrian
outcrops. Zeller identified the Late Cambrian brachiopod
Eorthis sp. from the Blissin the Big Hatchet Mountains (1965,
p. 11-12); however fossils in the Bliss are generally rare, and
none was found in the northern Animas Mountains.

Ordovician
El Paso Formation

The type El Paso, as defined by Richardson (1909) at
Trans-Pecos, Texas (Kelley and Silver, 1952, p. 40-41), con-
sists of approximately 1,500 ft (450 m) of limestone. In the
northern Animas Mountains, the El Paso Formation (Ordo-
vician) lies conformably above Bliss quartzite. A major thrust

plate south of Station 1, and two small klippen north of
Station 2 are composed of El Paso. The dominant lithology of
this unit is dense, brown saccharoidal dolomite forming a
rubbly outcrop. Near the base, the dolomite contains white
and tan reticulated chert in bands 1 to 2 in (2 to 4 cm)
across and of variable length. Kelley and Silver (1952, p.
42-52) raised the El Paso to group status, and divided it into
the lower chert-bearing Sierrite Formation and the upper Bat
Cave Formation. Flower (1955) divided the El Paso into three
units, each characterized by a distinctive faunal zone. In the
northern Animas Mountains, the lower cherty dolomite pro-
bably is equivalent to the Sierrite, considered to be late
Early Ordovician in age (Flower, 1968). However, the El Paso
was not subdivided in mapping. Aswith most unitsin the
northern Animas Mountains, the El Paso is highly deformed.
Pre-Montoya erosion undoubtedly removed some of the upper
El Paso, and the original thickness can only be estimated.
From sections measured by Gillerman (1958, p. 21-24, p.
108), and computation of thickness based on outcrop width in
the northern Animas Mountains, the El Paso appears to be no
more than 600 ft. (185 m) thick, and may be considerably
less.

Montoya Dolomite

Richardson (1909) defined Montoya Dolomite as all units
between the El Paso Formation and the Fusselman Dolomite
(Kelley and Silver, 1952, p. 57). Remnants of the Montoya
Dolomite (Ordovician) are found disconformably above the El
Paso north and east of Station 1, as well asin the thrust plate
and klippen of the El Paso Formation. It isresistant to de-
formation and erosion and is commonly fossiliferous. The
exposure is usually aresistant block or blocks below non-
resistant Percha Shale. The chert is distinctive brown black
and occursinirregular masses 1 to 3in (2 to 7 cm) across.
Bedding israrely seen. Several species of brachiopods are
present. Regional work (Zeller, 1965, p. 21) indicates that the
Montoya thins toward the west, and is absent only a short
distance into eastern Arizona. The upper contact of the Mon-
toyais aso adisconformity and the Montoya, where present
in the northern Animas Mountains, is, at most, a few tens of
feet thick.

Devonian

Percha Shale

Gordon and Graton (1907) first proposed the name Percha
for ashale unit of southern New Mexico containing Devonian
fossils. According to Kelley and Silver (1952, p. 69) atype
section was not defined, but the formation is exposed along
Percha Creek in Sierra County, New Mexico, and the rock
exposed there is named Percha Shale.



Throughout the northern Animas Mountains, the Percha
Shale is a zone of tectonic weakness at the base of the mas-
sive Escabrosa limestone. Where seen in normal stratigraphic
section, the Perchalies on an irregular surface at the top of the
Montoya Dolomite. The lower Perchais black, gray, and
brown fissile shale. Higher in the section, the Percha contains
intercalated beds of tan, argillaceous and cal careous sandstone
and siltstone, which grade upward and are interbedded with
massive limestone of the Escabrosa Group. Where seen at the
base of the Escabrosa thrust plate, the Perchais athin interval
of highly contorted gray and black shale, mixed with under-
lying red Cretaceous shale. The Percha probably was not more
than 200 to 300 ft (60 to 90 m) thick in the northern Animas
Mountains prior to Laramide tectonism (Gillerman, 1958, p.
25-27).

Mississippian
Escabrosa Group

Named by Ransome (1904, p. 42-44) for exposures near
Bisbee, Arizona, the Escabrosa limestone of Mississippian age
isthe most extensive carbonate rock unit of the northern
Animas Mountains. The Escabrosaisfound in athrust plate
covering nearly half the area. At the north end of the range,
the Escabrosa forms an abrupt cliff above the Percha Shale and
Cretaceous rocks. In other areas, it is seen as moderately steep
and high hills in which the limestone has been highly con-
torted by thrusting. In afew places where complexly de-
formed or isolated in klippen, the Escabrosa forms low
mounds and hillocks surrounded by less resistant rock; and
rarely, where intensely deformed, it is non-resistant.

Asin the Big Hatchet Mountains and other areas (Zeller,
1965, p. 24-27), the Escabrosa can be divided into three units.
The lowest is a thick-bedded, medium-gray, encrinal, bio-
clastic crystalline limestone with brown chert nodules and
stringers. The middle unit consists of dark-gray, finely crys-
talline limestone, which weathers to a characteristic dark-
gray brown and contains minor, small, black chert nodules.
The highest unit is light-gray-weathering crystalline limestone
composed principally of crinoid columnals. The highest Escab-
rosa beds closely resemble the lowest unit as well as over-
lying Horquilla Limestone, making positive identification of
isolated outcrops of any of these strata difficult.

On the basis of lithologic studies, Armstrong (1962, p. 5)
raised the Escabrosa to group rank by subdividing the lime-
stones into the lower Keating Formation and the upper
Hachita Formation. Stratigraphically, this subdivision pro-
bably holds in the northern Animas Mountains, but offers
little benefit for structural interpretation; therefore, the Esca-
brosais mapped as one unit.

Aggregate Escabrosa thickness in the northern Animas

Mountainsis at least 600 ft (185 m), and may be greater.
Zeller measured 1,261 ft (385 m) of Escabrosain the Big
Hatchet Mountains (1965, p. 25) and Gillerman (1958) re-
ported 425 to 450 ft (130 to 137 m) in the Peloncillo Moun-
tains. In the study area, reconstruction in structure section
indicates a minimum of 600 ft (185 m).

Par adise For mation

The Paradise Formation of Chester age (Zéeller, 1965, p. 27,
29) was named by Stoyanow (1949, p. 316-318) for exposures
in the Chiricahua Mountains near Paradise, Arizona. In the
study area, the Paradise is found as a thin interval of slope-
forming, crinoid-biostromal, black limestone, tan and red fis-
sile shale, and buff sandstone, between Escabrosa strata and
the Horquilla Limestone. The Paradise ranges in thickness
from O to 75 ft (O to 23 m). Thickness changes abruptly along
strike. Limestone debris covers the outcrops making identifi-
cation of the Paradise difficult. The Paradise behaves incom-
petently as it occurs between two competent limestones, and
locally may be tectonically thickened, thinned, or eliminated
entirely.

Mississippian to Permian
Horquilla Limestone

The Horquilla Limestone or Early Pennsylvanian to Early
Permian age (Zé€ller, 1965) is equivalent to a part of the Naco
Limestone, as defined by Ransome (1904, p. 44-56). Gilluly
and others (1954, p. 15-18) raised the Naco to group status,
the lowest formation of which was then named Horquilla
The type section was at Horquilla Peak, Tombstone Hills,
Cochise County, Arizona. The Horquillais exposed above the
Paradi se Formation and Escabrosa Group in many pacts of
the northern Animas Mountains. It holds up prominent hills
and ridges, and its outcrops are among the most resistant in
the range and in the region.

The dominant lithology of the Horquillais light-gray-weath-
ering, medium-bedded, light-gray, crystalline limestone and
calcarenite. A few beds weather buff orange and are composed
of darker gray, silty limestone. Rarely, thin intercalated shale
beds and cal careous sandstones occur in the Horquilla.

The Horquilla Limestone is abundantly fossiliferous. The
lower beds resembl e the upper Escabrosa, but commonly con-
tain Fusulinella, areliable index fossil for the lower Horquilla
in the area. Higher fusulinid zones contain Fusulina and
Triticites. Highest beds contain robust Psuedoschwagerina.
Several kinds of corals, notably Chaetetes and Syringopora
occur in the middle and upper parts of the Horquilla. Many
species of brachiopods and other fossil fragments occur
throughout.



Chert occurs throughout the Horquilla Limestone. Most
commonly, chert zones consist of irregular masses of brown-
weathering, gray and white chert. Some of the chert occursin
distinctive bands, which, except for different matrix, resem-
bles chert of the lower part of the El Paso Formation. Approx-
imately 500 ft. (150 m) above the base of the Horquilla, isa
zone of chert bands about 20 ft (6 m) thick with Fusulina;
this zone is avery useful marker, especially because lower
fusulinids are few in number, small, and very difficult to
identify.

Thickness of the Horquilla Limestone is problematical. Fos-
sil studies suggest that all the Horquilla Limestone is exposed
in the northern Animas Mountains; however, a complete and
undeformed section was not found. From the work of Zeller
(1965) and Gillerman (1958), Horquillathicknessis at |east

1,500 ft (460 m) and may be thicker. Regionally, the Earp
Formation overlies Horquilla (Z€eller, 1965, p. 45), but is not
exposed in the northern Animas Mountains.

Cretaceous
U-Bar Formation

Zéller (1965) named the U-Bar Formation for exposures of
Cretaceous limestones exposed on U-Bar Ridge southwest of
the Big Hatchet Mountains. Rocks assigned to the U-Bar For-
mation are exposed at Station 3 in the west central part of the
area. Assignment is based on lithologic similarity to the high-
est member of Zeller'stype U-Bar (1965, p. 59-67), proximity
to the Mojado Formation, and a fauna of Early Cretaceous
age. Therock isblack, fossiliferous, crystalline limestone with
infillings of milk-white calcite along fractures. Proximity to
Tertiary igneous rocks, and position in athrust plate, have
resulted in considerable deformation and thermal metamor-
phism of the limestone. The U-Bar is not seen at any other
locality in the northern Animas Mountains.

Mojado Formation

The Mojado Formation, named by Zeller (1965) for a sec-
tion at Mojado Pass south of the Big Hatchet Mountains, is
exposed in athrust plate in the middle of the northern Animas
Mountains, as well asin rocks mapped as undivided Creta-
ceous. Thetypical exposure is sandstone or orthoquartzite
rubble and disaggregated red clay shale. The quartzites are
usually resistant and form massive ledges.

In the study area, the Mojado consists of thick-bedded,
massive, reddish-brown quartz sandstone, and rust-red seri-
citic clay shale. Sandstone is composed of moderately well-
rounded quartz grains cemented by silica. Limonite and fer-
ruginous clay are common in the interstices of the grains
giving the sandstone its characteristic color. In the Mojado

thrust plate, the sandstones are case-hardened, becoming true
orthoquartzites. Adjacent to intrusives, the shale has been
thermally metamorphosed to aresistant red hornfels.

The Mojado is at least 5,000 ft (1,500 m) thick in the type
section (Zéeller, 1965, p. 67; 1970, p. 7-8). In the northern
Animas Mountains, the true stratigraphic thickness cannot be
determined, but most certainly it isat least 5,000 ft (1,500 m)
thick.

Cretaceousto Tertiary

Ringbone Formation

Zeller (1970, p. 8-9) named the Ringbone Formation in the
Little Hatchet Mountains for rocks consisting of limestone-
cobble conglomerate, black bituminous shale and gray shale,
arkose, and volcanic rocks. His fossil evidence indicates that
thisformation is of Late Cretaceous or early Tertiary age. It
overlies the Mojado with angular unconformity, and is approx-
imately 7,500 ft (2,250 m) thick in the Little Hatchet Moun-
tains (Z€ller, 1970, p. 9). Similar rocks occur in the northern
Animas Mountains and are assigned to the Ringbone. Most
of the rocks mapped as undivided Cretaceous consist of lime-
stone pebble-cobble conglomerate, red, brown, and gray clay
shale, and arkosic salt-and-pepper sandstone. Vol canic rocks
are not seen. All these rocks are highly deformed.

Tertiary to Quaternary
Quartz-Monzonite Porphyry

Quartz-monzonite porphyry isfound in one large body in
the center of the area, aswell asin several smaller bodies.
These rocks appear to have been forcefully intruded. Their
contacts with country rock are sharp, and intrusion has locally
resulted in deformation of the country rock. The quartz-mon-
zonite porphyry weathers dull red to brown, and is seen as
spheroidal boulders and blocks forming craggy slopes and
ledges.

In thin sections, the quartz-monzonite porphyry has ap-
proximately equal amounts of 2.0 to 5.0 mm subhedral
phenocrysts of oligoclase and quartz. Five percent of the rock
is composed of biotite or chlorite after biotite. All feldspars
are sericitized and altered to clays. Secondary epidote is com-
mon as are small amounts of sphene, apatite, and opaque
minerals.

Rhyolite
Dikes of bone-tan aphanitic rhyolite and rhyolite porphyry

occur in the northern half of the area. These dikes have been
injected along the post-Laramide normal faults or as linear



zones of lit-par-lit intrusions which expand, thermally meta-
morphose, and deform the country rock. In several places,
dikes along faults have been cut by later movement along the
same faults they intrude. The rhyolite exposure typically is
rubbly, fresh, and weathers light buff to tan. These rhyolite
bodies are numerous, and many are of insufficient size to be
shown on the geologic map.

Therhyolite consists of phenocrysts of euhedral sanidine
and embayed quartz 1.0 to 2.0 mm across surrounded by
spherulitic, partially devitrified glass rimsin amicrocrystal-
line groundmass of sanidine and quartz. Where phenocrysts are
absent, the spherulites are more abundant. Minor amounts of
biotite and opagues occur in the groundmass.

Quartz L atite

Exposures of hornblende quartz | atite are confined to the
south end of the area and to one small body at Station 4, in
the east-central part of the area. Nearly all of the quartz latite
occurs in flows, and the outcrops are resistant, forming low
hills, and locally relatively high cliffs. The rock is dark gray
brown, and weathers to rubbly slopes.

Twenty percent of the rock is composed of 5.0 to 10.0 mm
zoned subhedral plagioclase phenocrysts with cores of ande-
sine and rims of oligoclase. Plagioclase phenocrysts are set in a
microcrystalline porphyritic groundmass consisting of 1.0 to
2.0 mm laths of euhedral hornblende, plagioclase and quartz.
Calcite is common where the rock is brecciated forming masses

between individual breccia fragments. Biotite and opaque
minerals are minor and compose less than 5 percent of the
rock.

In al respects, the quartz latite of the northern Animas
Mountains closely resembles the Center Peak L atite described
by Zeller and Alper (1965, p. 52-54) in the southern Animas
Mountains. In the more extensive exposures to the south, the
quartz latite occurs in flows which emanated from an eruptive
center at Center Peak. Although eruptive centers for quartz
latite were not definitely located in the northern Animas
Mountains, the isolated exposure at Station 4 may be avol-
canic vent; the rock exposed here does not occur in flows as
seen in other areas, and the outcrop is roughly circular in plan.

Vitrophyre

Several small exposures of black vitrophyre are found in the
northern Animas Mountains. These rocks are found in small
dike-like bodies which are in sharp contact with the country
rock, and are non-resistant. Most of these exposures are too
small to be shown on the geologic map.

In thin section, the rock is composed of phenocrysts of
5.0 to 10.0 mm euhedral sanidine, quartz, and amphibole.
Quartz and amphibole are surrounded by 1.0 to 2.0 mm rims
of partially devitrified glass intergrown with the minerals.
Microlites of quartz and feldspar are common in the ground-
mass. Very small amounts of biotite, sphene, and zircon are
found in the glass.



STRUCTURE

The geologic structure of the northern Animas Mountains
isthe sum of several episodes of tectonism resulting in geome-
try of unusual complexity. The tectonic episodes are as fol-
lows: emplacement of Precambrian granite, Paleozoic and ear-
ly Mesozoic epeirogeny, late Mesozoic to early Cenozoic orog-
eny (Laramide), and early Cenozoic to Recent vol cano-tectonic
events. The documentation of pre-Laramide structureis con-
fined to the composition of Precambrian rock and the char-
acter of the Paleozoic sedimentary prism. Pre-Laramide struc-
tureis discussed later. Since late Mesozoic, the northern Ani-
mas Mountains and surrounding region have undergone almost
continuous deformation. The Laramide consisted of thrusting
and synorogenic sedimentation, probably accompanied by
local volcanism. In the area studied, the Paleozoic rocks were
thrust in chaotic fashion (Dennis, 1967, p. 16-17) to the north
and northeast over the 3-mile (5-km) thick Cretaceous and
earliest Tertiary section. The later Tertiary to Recent igneous
activity and normal faulting have been superimposed on Lara-
mide structures, producing the geometry of the northern
Animas Mountains now observed.

Laramide Structure-Thrust Faults

The dominant Laramide structures of the northern Animas
Mountains are three thin, sheet-like, commonly fragmented
thrust plates intensely deformed internally (fig. 3). In addi-
tion, as shown in structure sections AA’, BB' (fig. 2), Precam-
brian and Paleozoic rocks below the Percha Shale in the north-
ern part of the area have been interpreted as an upthrown
fault block (upfaulted block) from which the lowest plate has
locally detached and slid out to the north over the Creta-
ceous rocks. Lowest to highest, the thrust plates are consti-
tuted as follows (fig. 2):

Figure 3 - Thrust plates viewed to the north-northwest from
Station 5. Symbols are the same as on fig. 2.

I) Escabrosa Group, Paradise Formation, and Horquilla
Limestone which are basally detached from the Percha
Shale, and usually found overlying Cretaceous rocks.

[1) El Paso Formation, Montoya Dolomite, and rare frag-
ments of Bliss, Percha, and Escabrosa which are pro-
bably detached from the Bliss. The Blissis aso part of
Plate Il in the central part of the area and occurs on
Plate | or on any of the units stratigraphically below the
El Paso, including the El Paso itself.

[11) Mojado Formation and U-Bar Formation, probably de-
tached from within the U-Bar. This plate isfound in the
central part of the areaon Plate I, Plate 1, or on the
Precambrian rocks. The upfaulted block has been inter-
preted as juxtaposing Precambrian to Devonian rocks
with the Cretaceous.

Platel

The lowest thrust plate, the most extensive of the three, is
composed principally of intensely deformed massive middle
and upper Paleozoic limestone thrust over soft Cretaceous
rocks. The massive limestone is suprisingly incompetent. The
surface of the basal thrust can be seen in nearly any part of the
Escabrosa section (fig. 4), aswell asin one place at Station 7,
where the thrust lies below Escabrosain El Paso. In afew
places the thrust surface can be seen in the Horquilla Lime-
stone. The thin zone of intensely deformed Percha Shale com-
monly seen at the base of Plate | istectonically mixed with the
red Cretaceous shale below the thrust surface.

Figure 4 — Themiddle dark gray member of the Escabrosa Group
overlying a thin highly contorted zone of Percha Shale. White
material is caliche. Photograph at Station 6.



Sedimentary rocks exposed in the southern half of the area
arenearly all part of Plate |, or Cretaceous rocks immediately
below this plate. As shown diagrammatically in structure sec-
tions EE', FF', the plate is highly contorted by tight folds that
commonly break out into subsidiary thrusts and tear faults,
most of which are too complex and individually small to be
shown on the geologic map or structure sections. The small
klippen of Plate | immediately north of the quartz latite out-
crops are erosiona remnants, indicating aflat-lying thrust
fault.

A major tear fault extends to the southwest from Station 7
becoming covered by surficial deposits. The fault is a distinct
zone of crushed Plate | rocks, and exhibits no preference for
particular stratigraphic horizons or structures within the plate.
The preferred interpretation of thisfault isthat it is the result
of differential movement within the plate and that it has no
special significance for the structure of Plate | asawhole.

South of Station 7, alarge mass of Horquilla Limestone has
been interpreted as a separate minor thrust plate within Plate |.
It overlies the Cretaceous and the Escabrosa and is considered
to be the result of local differential movement within the main
body of Platel.

In the north and north-central part of the area, the struc-
ture of Plate | is more complex. Here the plate is cut by later
normal faults and intrusions and the fault surface is undu-
latory. The plate has been locally broken into chaos blocks,
the result of sliding from the upfaulted block onto the Cre-
taceous rocks; this pattern is a gravitational modification of
the thrusting. The internal structure of Plate | issimilar to
other areas—intensely deformed limestone above a thin zone
of Percha Shale. Locally this zone of Percha may be absent.

Platell

Plate Il isfound only in the central part of the area, as well
asin several chaos blocks in the vicinity of Station 2. Most of
the plate is composed of El Paso dolomite, which in contrast
to Plate |, is not folded, but has been shattered by extreme
deformation. Consequently, outcrops are usually rubble, and
little can be said of the internal structure of the plate. Near
Station 8, Montoya, Percha, and Escabrosa rocks form part of
Plate I1. At thislocality, the structure is very complex and
only ageneral pattern is shown on the geologic map. The
structure shown is asmall slice in which the Percha Shale has
been tectonically eliminated between the Montoya Dolomite
and Escabrosa Limestone. An alternative interpretation is that
Percha and Escabrosa are a small fragment of Plate |. Both
possibilities were considered during the course of field work,
and the former appears to be correct. If so, Plate |1, at least
locally, involved rock units as high as the Escabrosa.

Northwest of Station 8, El Paso rocks of Plate |l are thrust
over El Paso of Plate |. The evidence is athin zone of thrust

breccia at Station 9, and apparent repetition of El Paso parallel
to the strike of the thrust fault trace.

North and northwest of Station 2, chaos blocks of El Paso
and Montoya are interpreted as fragments of Plate 11 (fig. 5).
They are isolated from the main body of the plate, and the
exact mechanism by which they reached their present location
is not known. Although bedding can be seen in the large block
northwest of Station 2, the intraformational structure of the
blocksis obscure, and direct inferences regarding the origin of
the blocks cannot be drawn.

Throughout Plate |1, evidence of the direction of tectonic
transport is missing. Consequently, the direction in which
Plate II moved to its present location can only be inferred. To
the west, Plate || overlies the Precambrian, whereas to the east,
Plate Il overlies Plate |. A suggested interpretation of Plate Il is
that penecontemporaneous with, and probably after the de-
tachment and thrusting to the northeast of Plate | in this area,
the El Paso and possibly some Bliss broke away from the Bliss
and the Precambrian. Plate Il was thrust in the same general
direction as Plate |. Near Station 10 are small exposures of
Blissin fensters below Plate |11, possibly autochthonous above
the Precambrian. If true, these Bliss exposures would be near
the horizon from which Plate |1 was detached.

Figure 5 — Chaos blocks north of Station 2. El Paso Formation and
Montoya Dolomite are fragments of Plate I1. Escabrosais a fragment
of Plate . Symbols are the same as on fig. 2.

Platelll

Plate 111 isfound in the central part of the area, and with
the exception of U-Bar limestone at Station 3, is composed
entirely of quartzite and shale of the Mojado Formation. Asis
the case with Plate |1, little can be said of the internal geom-
etry of Plate |11 for most of its exposures are rubble. The base
of the plate has no particular distinctive features, the fault
contact being mapped at the highest occurrence of float of



Plate 11 or Precambrian rocks. From the outcrop pattern, rocks
of Plate Il probably originally covered nearly the same area as
Plate 1. Two small klippen of the plate are found in the vicin-
ity of Stations 8 and 9. Near Station 10, Plate |11 restson
Precambrian, but in isolated exposures to the south and west,
Plate I11 rocks overlie the El Paso of Plate I1. Apparently
Plate 11 was broken into fragmentsin this area, which were
then overridden by Plate I11. Where these fragments were absent
at the time of thrusting, Plate 11 overlies Precambrian. The
general pattern and style of thrusting are similar to that of
Patell.

Upfaulted Block and Detachment Thrust Faults

The Precambrian, Bliss, El Paso, and Montoya rocks at the
north end of the area are interpreted as an upfaulted block.
The fault is nowhere exposed, and its exact configuration at
depth is not known. The only direct evidence for the existence
of the fault is the nearly equal elevation of Precambrian and
Cretaceous rocks (fig. 2, structure sections AA', BB").

In addition to the upfaulted block, a detachment thrust
fault (Pierce, 1957) appearsto be in the Percha Shale. Pene-
contemporaneous with the faulting of the block, weak Percha
Shale broke under the massive upper Paleozoic limestones of
Plate I, which in turn glid to the north, the chief force pro-
bably having been gravity. Along the strike of, and below this
detachment thrust, consistent bedding attitudes with north
dips are seen. The dip of the detachment thrust is interpreted
as 10" to 15 to the north, with beds below dipping 25 to
35” in the same direction. Both fault and bedding dips appear
to decrease eastward along the fault trace to where the fault is
covered by Plate Il.

Most exposures of Percha Shale along the detachment thrust
fault are very poor. However, in afew places aong the out-
crop, red Cretaceous shale is tectonically mixed with Percha.
As other parts of the outcrop, Percha appears only as highly
deformed shale. The internal geometry or movement within
the shaleis puzzling.

The amount of displacement along this detachment thrust
is not known. Lack of stratigraphic control and chaotic
structure of the limestone blocks render exact determination
impossible. The amount of relative movement of the Esca-
brosa, the result of this upfaulted block, is probably not too
great and decreases eastward along the detachment fault
trace. The common presence of athin zone of Percha Shale at
the base of Plate | suggests that a similar mechanism may have
resulted in the initial detachment of the plate, away from the
northern Animas Mountains. The observed detachment thrust
structure in the northern Animas Mountains may be the gen-
eral case for the surrounding area. If such istrue, Plate | may
have moved a considerable distance penecontemporaneous
with, or prior to, its fragmentation by the upfaulted block.

Early Tertiary to Recent V olcano-
Tectonic Structures

The three types of post Laramide structures are: 1) nor-
mal faults—both active or inactive; 2) intrusions—both dis-
cordant and concordant; and 3) associated features—including
drainage and other geomorphic alignments, and aligned intru-
sive bodies.

Normal Faults

Normal faults are found throughout the northern Animas
Mountains, but are most common near the north end. Char-
acteristically, they cut older structures sharply. These faults
can be followed in the field with ease, and in the case of
active faults, are easily delineated on aerial photographs. In all
cases, the displacements are small.

Immediately west of Stations 2 and 11, and extending
north-south for approximately 3 1/2 mi (6 km), amajor active
normal fault juxtaposes Plate | rocks with the upfaulted rocks
in the vicinity of Station 11. Farther north, the fault cuts the
large chaos block of Plate Il (about 1,000 ft northeast of Sta-
tion 2), and then extends out into the autochthonous rocks at
the north end of the area (fig. 6, 7). The south end of this fault
cuts the pediment and diverts the drainage immediately south
of outcrops of El Paso and Mojado.

To the east are several similar faults with general north and
northeast trends. These faults have considerably less displace-
ment. Their principal effect isthe further breaking up of chaos
blocks of Platel. In several places these faults have been in-
truded by rhyolite. The fault trending east-northeast from
Station 9 istypical (fig. 8). Thisfault cuts El Paso, Percha,
Escabrosa, and talus, and is intruded by arhyolite dike which
itself has been faulted.

In the general vicinity of Station 2, faults trending approx-
imately east are common. Usually associated with intrusions,
these faults are seen as zones of thermally altered and de-
formed rock. Most of these east-trending faults have small
displacements, are nearly all confined to Plate | rocks, and are
more difficult to discern in the field than the more extensive
north-and northeast-trending faults.

West of the major north-south fault first discussed, are
faults mapped on juxtaposition of Escabrosa and Horquilla
limestone. Two of these faults lie under drainages and are
covered by surficial deposits. The northernmost fault in the
areq, in the isolated hill of Escabrosa and Horquilla, has been
interpreted from abrupt termination of fusulinid-bearing rocks
at the south end of this hill, and highly deformed limestone
near the trace of the fault.

Several isolated normal faults are found in the central and
southern parts of the area. All are easily recognized in the
field, have small displacements, and are probably not signif-
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icant. Possibly some of these faults, especially within Plate |
rocks, may be Laramide features, the result of differential
vertical movements within Plate .

Intrusions

Nearly al of the intrusions of the northern Animas Moun-
tains are of two types: discordant—forcefully intruded quartz-
monzonite porphyry; and concordant—rhyolite dikes, usually
associated with normal faults.

Discordant intrusions of quartz-monzonite porphyry are
found in one large and several small bodies near the center of
the area, and in two small bodies near the north end. Inter-
nally, the quartz-monzonite appears to be structureless. Flow
banding or brecciation is not seen. Joints are relatively com-

Figure6 A View north of active normal fault near Station 11. The

fault juxtaposes Mississippian and Pennsylvanian rocks of Plate |

with Bliss and El Paso rocks of the upfaulted block. Small fault

at right due to collapse within the upthrown block of active normal
fault. Symbols are the same as on fig. 2.

Figure 7 — Active normal fault near Station 2. The fault cuts the

large chaos block of Plate 11 which is juxtaposed with Escabrosa

limestone of Plate |. The fault extends to the north where it cuts

Cretaceous rocks and recent surficial deposits. Symbols are the same
asonfig. 2.
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mon in the large body. Where exposed, the contact with
country rock is sharp and sub-vertical. No stoping or xeno-
liths of country rock are seen in the quartz-monzonite, al-
though the common alteration of Mojado shalesto hornfels
indicates thermal metamorphism took place at the time of its
emplacement. At depth, the form of quartz-monzonite bodies
isinferred; the configuration shown in structure sectionsis
diagrammatic. Due to the common occurrence of acidic ig-
neous rocks of similar composition in the central and northern
part of the area, magma probably came from a common cham-
ber. The distance from the surface to such a magma chamber
is not known.

Neerly @l of the rhyolite dikes are found in the north-
western part of the area along normal faults. Near Station 2,

Figure 8 — Active normal fault near Station 9. The fault has been

intruded by arhyolite dike (Tr) cut by the fault. The fault cuts

talus of Escabrosa on Percha Shale. Unmarked identical photograph
included for comparison. Symbols are the same as on fig. 2.



intrusion of rhyolite has resulted in considerable local defor-
mation of the limestone of Plate I, seen as abrupt change in
attitude of beds across individual dikes and very small local
thrust faults which die out a short distance from the par-
ticular dike. The form of these dikes is not known precisely,
although they most likely follow faults to depth. As shown
diagrammatically in structure sections AA', BB', Fr, the
dikes postdate the quartz-monzonite. Fine-grained rhyolite is
found at the same structural level as the quartz-monzonite,
suggesting later near-surface emplacement of the dikes. Most
of the dikes are almost vertical.

Associated Features

Several distinctive geomorphic features, associated with nor-
mal faults and intrusions, deserve particular attention. These
features aid greatly in recognition of faults, and suggest tec-
tonic significance of the faults and discordant intrusive bodies.

Fault scarps with little relief are commonly seen where
active normal faults cut pediment or talus. The faults are seen
readily on aeria photographs. Their scarps can be recognized
in the field as subtle linear breaks in slope of the otherwise
relatively smooth pediment surfaces. Where the caliche layer is
deformed, moisture seeks these fault zones, where faults cut
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talus, vegetation alignments are seen, although unstable talus
at repose almost obliterates the scarp.

Active normal faults commonly divert drainages. Diversion
is usually seen as abrupt change in direction of adrainage
course, even for a short distance.

West of Stations 3 and 10, subparallel drainages appear on
aerial photographs and may be controlled by faultsin the
pediment. As stratigraphic control is not possible for such
faults, they are not shown on the geologic map.

At Station 12, the only spring in the arealies along a nor-
mal fault. Although seeps or other evidence for ground-water
movement was not found along similar faultsin other parts of
the area, groundwater may be controlled by faulting. The only
producing water well in the area at Station 13 is aligned with
possible faults to the west.

Alignment of discordant intrusionsis noted. The large body
of quartz-monzonite porphyry in the center of the areais
elongate east-west, and aligned with a smaller body to the east.
Farther to the east in Playas VValley (not shown on the geo-
logic map) are several bodies of igneous rock. These are crude-
ly aligned and suggest linear control of these intrusions at
depth. The four small bodies of quartz-monzonite porphyry
north of the main body trend east-west.



TECTONIC HISTORY

Intrusion of Precambrian granitic rocks into older sedimen-
tary and metasedi mentary rocks has been demonstrated by
Zéeller (1965) in the Big Hatchet Mountains, by Gillerman
(1958) in the Peloncillo Mountains, and by Gilluly (1956) in
central Cochise County, Arizona. Ages of granitic and similar
rocks in Arizona most commonly are 1,200 to 1,500 m.y.
(Anderson, 1963). In most cases, these rocks closely resemble
in composition and occurrence the Precambrian rock in the
northern Animas Mountains. Although lack of Precambrian
exposures, and an unconformity representing 600 m.y. be-
tween granite and basal Cambrian rocks make any analysis of
Precambrian tectonics speculative, the widespread intrusives
suggest tectonism of some magnitude took place during the
Precambrian.

Paleozoic to Early Mesozoic

From Cambrian to Middle Permian time, all movementsin
the area of the northern Animas Mountains were epeirogenic.
The extent and significance of the numerous unconformities
has been reviewed by Kottlowski (1963). Zeller (1965) in-
dicates the lack of notable angularity between disconformable
units; coarse detrital material is not present above any of the
unconformities. The extent of these stratigraphic breaks in the
record are great, however, and locally thicknesses of some of
the units may vary greatly. Thus, the Paleozoic was domin-
ated by broad vertical movements of a quiet marine shelf.

From Leonard time to Early Cretaceous, the sedimentary
prism was mildly deformed and then exposed to subaerial
erosion. Although rocks of latest Paleozoic age are not ex-
posed in the northern Animas Mountains, Zeller and Alper
(1965, p. 68-71) indicated that the Winkler anticline of the
central Animas Mountains became active in Leonard time.
However, in the Big Hatchet Mountains, Zeller (1965, p. 45-
54) suggests that during Leonard deposition was continuous
and that the section was not deformed, although the Earp
Formation probably was subaerially exposed. Gilluly (1956),
Hayes and Raup (1968) and Hayes (1970b) indicate that this
pre-Laramide tectonism is regional in extent, although in most
places intense Laramide deformation has obscured pre-Lara-
mide structure. Igneous rocks of Triassic and Jurassic age are
known from Arizona (Hayes, 19704), deposited as extrusives
on aland surface of high relief. In most other placesin the
region, Triassic or Jurassic rocks are not known. Tectonism
may have been continuous from middle Permian to Early
Cretaceous regionally, but in the area of the northern Animas

Mountains, the deformation known is only gentle Leonardian
folding.

Late Mesozoic to Early Cenozoic

In the northern Animas Mountains, aswell asin the gen-
eral region of southwestern New Mexico and southeastern
Arizona, great thicknesses of sedimentary rocks were depos-
ited during Cretaceous and early Tertiary time. The sediments
are of two types: those deposited prior to strong Laramide
tectonism, and those accompanying the Laramide orogeny. As
most of the units are nearly barren of diagnostic fossils, exact
correlation of rock units with tectonic eventsis usually not
possible. However, Lower Cretaceous rocks are overlain with
angular unconformity by Upper Cretaceous and Tertiary rocks.
This unconformity is considered to be correlative with strong
Laramide tectonism.

Zeller (1965) recognized three Lower Cretaceous forma-
tionsin the Big Hatchet Mountains. the basal Hell-to-Finish
red beds and conglomerate which rest on Permian rocks,
marine U-Bar limestone, and deltaic marine M ojado sand-
stone, shale, and minor limestone. Hayes (1970b) considers
these units to be correlative with the Glance Conglomerate
and Bisbee Group of southeastern Arizona. The clastics were
derived from the eroded Triassic-Jurassic landmass, which was
positive well into the Cretaceous. Elston (1958) states that
lowest Upper Cretaceous rocks rest on the Precambrian of the
Burro Uplift in southern Grant County, New Mexico, indi-
cating Lower Cretaceous elastics were derived from multiple
sources. In the northern Animas Mountains area, Lower Cre-
taceous rocks probably were deposited in arapidly subsiding
trough as suggested by Kottlowski (1963, p. 85). The youngest
fossils known from the M ojado Formation are of Washita age
(Zé€ller, 1965, p. 70-71), indicating a basin was active until the
earliest Late Cretaceous.

The Ringbone Formation of the northern Animas Moun-
tains is synorogenic with respect to the main phase of the
Laramide orogeny. The lowest thrust plate rests on Ringbone
rocks, and the coarse clastic constituents of the Ringb one sug-
gest it was deposited during a period of strong tectonism.
Precise dating of the inception of the Laramide is not pos-
sible, asthe rock record from early to late Late Cretaceousis
not known. The age of the Ringbone of the Little Hatchet
Mountainsis latest Cretaceous to earliest Tertiary (Zeller,
1970); but Z€eller indicated that post-Ringbone Hidalgo Vol -
canics are truncated by thrust faults. If Ringbone deposition



took place during a short interval of latest Mesozoic and ear-
liest Cenozoic time, as Zeller suggests, then the complex Lar-
amide structure of the northern Animas Mountains probably
devel oped penecontemporaneously with Ringbone. An upper
contact of Ringbone with volcanicsis not seen in the area.
Deformation may have resulted in the erosion of the highest
Ringbone or followed deposition of these clastics.

Post-orogenic sedimentary and volcanic rocks of known age
and structural relation to synorogenic rocks are not found in
the northern Animas Mountains. Zeller stated (1970, p. 10-11)
that the Hidalgo Volcanics of early Tertiary age are overlain
with angular unconformity by volcanics of presumed middle
to late Tertiary age. To the east, in the Florida Mountains, the
Lobo Formation with post-orogenic molasse character is
known (Corbitt and Woodward, 1970), but is yet to be pre-
cisely dated. The similar Baca Formation of west-central New
Mexico is considered Eocene in age (Snyder, 1970), and may
prove to be correlative with the Lobo.

Early Cenozoic to Recent

Extensive volcanism and plutonism have taken place in the
northern Animas Mountains and surrounding region since the
Laramide. However, too few data are available to attempt cor-
relation between the northern Animas Mountains and sur-
rounding ranges. Zeller and Alper (1965) considered nearly all
igneous rocks of the central Animas Mountainsto be Tertiary.
Thus, igneous rocks at the north end of the range are pro-
bably of the same age. Normal faulting and intrusions were
initially penecontemporaneous events. Fractures were the ave-
nues along which magma moved. Deeply emplaced intrusions
are now seen as aligned discordant bodies of quartz-monzonite
porphyry. Later rhyolite, which may have been locally erupted
at the surface, was injected along faults. Continued activity
along some of the faults deformed all older rocks and is con-
tinuous to the present time.
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