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Abstract

Approximately 39 square miles of the Nogal Canyon
Caldera, southern San Mateo Mountains, Socorro County, New
Mexico were mapped at a scale of 1:24000. Thick
accumulations of Vicks Peak Tuff ( > 4000 feet) were
partially delineated in a deep part of the cauldron,
northwest of Rock Springs Canyon. Moderate accumulations
(up to 2000 feet) occur to the east near Casa Grande.
Cauldron-collapse breccias occur within the thick section of
Vicks Peak Tuff northwest of Rock Spring. This confirms the
Nogal Canyon Caldera as the eruption site for the Vicks Peak
Tuff,

Detailed geologic mapping and lithologic studies of pre
Vicks Peak Tuff units (Rock Spring and Red Rock Ranch
Formations) suggest several periods of voléanic activity in
the southern San Mateo Mountains during the Oligocene.

Geochemical sampling, in conjunction with mapping, has
possibly linked intrusive activity with alteration and
mineralization in the study area. Digital enhancement of
Landsat data was done to detect limonitic areas.
Paleomagnetic data from other studies aided in correlating
ash-flow tuffs in the study area with tuffs exposed in the

Mogollon-Datil Volcanic Field,




BACKGROUND AND INTRODUCTION TO THESIS PROEBLEM

The San Mateo Mountains of southern Socorro County,
New Mexico are a north-south trending, fault-block range,
consisting almost entirely of Oligocene lavas, ignimbrites,
and intrusive rocks. These rocks range in composition from
rhyolitic to basaltic. Minor alluvial and lacustrine sedi-
ments are iInterbedded with the various wvolcanic flows.
Exposures of Paleozoic rocks have also been described by
Farkas (1969) in the extreme southern portion of the range,
and Atwood (1982) has described outcrops of Precambrian
granitic rock iIn the central San Mateo Mountains.

Slopes surrounding the range consist of alluvial pied-
mont deposits (volcaniclastic) and low relief pedimented
bedrock surfaces. Steep cliffs in the southern part of the
range (near Vicks Peak) are predominantly Vicks Peak rhyo-
lite, a thick welded ignimbrite.

In addition to the geologic study done by Lasky
(1932), in the wvicinity of the San Mateo Mountains, studies
by Furlow (1965), Farkas (1969), Deal (1973), Maldonado
(1974, Atwood (1982) and Foruria (1984) have been
reported. reas covered by earlier geoleogic studies are
shown in Figure 1, which also shows the mapping scale, and
purpose of investigation. The study area is also shown.
Accessibility to the field area is by Cibola National

Forest roads 225 and 377 via U.S. Highway 85 (Figure 2).
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Major roads in the vicinity of the southern San

Figure 2.
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also shown (courtesy Larry Spear and the Office of Govern-

Ment Research).
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Earlier geologic studies (especially Farkas, 1969)
have delineated a complex stratigraphic sequence and
tectonic history for the southern San Mateo Mountains.
Initial reconnaissance of the southern San Mateo Mountains
indicated that the stratigraphy of Farkas (1969) and
Foruria (1984) was generalized and further subdivision of
their volcanic units was possible, and necessary to
understand the complex volcanic and structural history of
the area. Stratigraphic nomenclature used by earlier
workers is presented in Table 1.

Earlier workers (Farkas 1969 and Furlow 1965) were not
able to locate or identify volcanic source wvents for most
of their units. Deal and Rhodes (1976) reinterpreted
findings from earlier studies and proposed the southern San
Mateo Mountains to be the source cauldron (Nogal Canyon
Cauldron, see Figure 3) for the Vicks Peak Rhyolite,

Source areas for voluminous ignimbrite eruptions are
commonly roughly circular volcano-tectonic depressions
(calderas) tens of kilometers in diameter and hundreds to
thousands of meters deep. They are often characterized by
thick accumulations of ignimbrite (ash-flows) within the
collapse depression with thinner wedge like outflow sheets
of ignimbrite surrounding the caldera. The thick deposits
of ignimbrite within some calderas are thought to
accumulate during the simultaneous eruption and collapse of

the area above the source magma chamber during eruption.
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g Locality relief map of the San Mateo Mountains
showing approximate outlines of two ash-fiow cauldrons

- 1= Mt. Withington cauidron; 2 = Nogal
Canyon cauldron; A = Vicks Peak: B = San Mateo Peak: C=
San Juan Peak; D = A-L Peak: E = Potsto Canyon: F = Ranch
Supply Canyon and Point of Rocks Canyon; G = Beartrap
Canyon.

Source: Deal and Rhodes (1976).
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The source vent for the ignimbrite is usually assumed to be
within the collapsed region and may be obscured by
structural effects related to caldera collapse or buried by
later volcanic flows. Some data useful in locating a
caldera and unraveling the geologic history of a resurgent
caldera cycle are presented in Table 2.

Data used by Deal and Rhodes (1976) to define the
boundary of the of the proposed Nogal Canyon caldera
consist of: (1) The presence of several porphyritic igneous
stocks exposed in an arcuate pattern around the southern
San Mateo Mountains. (2) The presence of a relatively
thick section of the Vicks Peak rhyolite (>500 meters)
within the proposed caldera, while typical outflow thick-
nesses are nearer to 100 meters (Osburn and Chapin, 1983).
And (3) The reported thick sections of Vicks Peak rhyolite
and younger intermediate lavas in the northern and
northwestern portions of Deal and Rhodes’ (1976) proposed
caldera (Furlow 1965).

The above data indicate the possible existence of a
caldera in the area but do not prove its presence,
Examination of the volcano-stratigraphic and structural
features of the area was necessary to link the eruption of
the Vicks Peak tuff with concurrent collapse of a caldera.

The main reasons for studying the area and goals for
this study are as follows: (1) The volcanic rockstrati-

graphy is insufficiently described to allow a detailed
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Characteristics of Ash Flows
and related deposits relative to vent proximity

%

Overall geometry of ash flow sheet Thickness generally
increases toward source
area,

Pre-ignimbrite surge and air fall deposits Usually localized or

thicker near vent.

Co-ignimbrite lag fall deposits Present only near vent.

Cauldron collapse breccias Usually within or near
cauldron margin.

Densely welded zone Typically thickens
toward source area.

Partially welded zone Lower zone may thin
near vent,

Zone of no welding Basal zone may be
missing near source for
thick ash-flows
deposited at high temp.

Zons of devitrification Often thicker near vent.

Table 2. Adapted from Smith (1960b), Smith and Bailey

(1968), and Walker (1985)
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interpretation of the volcanic and tectonic history or the
area. (2) The ares contains larger regions of hydrother-
mally altered rock and the mineral resource potential of
the area needs further study. And (3) the Presence of the
Nogal Canyon caldera has been suggested (Deal and Rhodes
1976) but needs more study before a caldera can be

adequately defined in this area.
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METHODS OF STUDY

Initial interpretation of geomorphological, topo-
graphical and physiographic features of the area was ac-
complished through inspection of Landsat false color MSS
images, mnatural color, color infrared, and black and white
aerial photography. Mapping was done at 1:24000 scale
using U.S.G.S topographic 7.5 minute quadrangles as base
maps . Extensive talus deposits were partially delineated
using 1:15840 scale aerial photographs. Aerial photography
was also useful in interpretation of structurally complex
areas after geological mapping was partially complete.

Correlation of various rock stratigraphic units was
done using standard geological mapping techniques as well
as Interpretation of earlier reconnaissance mapping and
lithologic descriptions. Whenever possible nomenclature
introduced or used by earlier workers was adapted and
applied, particularly for extensively exposed units
(regional ash-flow tuffs etc.).

Many of the currently mapped contacts coincide roughly
with those delineated in earlier studies (specifically
Farkas' detailed map of the Rock Spring area and some of
Foruria’s contacts). However, interpretation of wvarious
Stratigraphic and genetic aspects of some units in the
study area differs from those proposed in earlier

investigations.,
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Units used by earlier workers were subdivided into
thinner lithologic units. This was done to get a general
view of the changes in thickness, sequence of deposition,
order c¢f emplacement of intrusives, and other geological
aspects. Laterally continuous ash-flow tuffs (and possibly
shale horizons) provide time lines and relative age
relationships between the various volecanic rocks.

Thin sections were Prepared to illustrate petrologic
features of the distinctive units within the study area and
to ald in correlations and genetic interpretations. Paleo-
magnetic data (courtesy of Bill McIntosh) aided in
tentative correlations of various ash-flow tuffs with those
exposed in surrounding areas of the Mogollon-Datil Volcanic
Field.

Altered and mineralized areas were evaluated by
dscsaying sediments from mineralized regions. Atomic
absorption and Plasma emission spectrometry were used to
assay samples (courtesy John Husler of Albuquerque Geo-

chemical, and Curtis Verpleogh of Academy Corporation).
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RED ROCK RANGCH FORMATION

The Red Rock Ranch Formation was introduced by Farkas
(1969) for the lowest Oligocene rock-stratigraphic units
exposed within the Southern San Mateo Mountains. Farkas
(1969) has defined the Red Rock Ranch Formation as the
Tertiary volcanic and related rocks above Paleozoic rocks
and beneath the Rock Spring Formation (or below the lower
Luna Park tuff). Rocks lying stratigraphically below the
lower Luna Park tuff were considered Red Rock Ranch
Formation rocks in this study. This also roughly coincides
with the upper and lower Spears Formation division of
Foruria (1985). This division generally separates lower
andesite lavas from an overlying section of silicic ash-
flow tuffs and intermediate to mafic lavas. A diagrammatic
representation of the stratigraphy of the Red Rock Ranch
Formation is presented in Figure 4.

The Red Rock Ranch Formation consists of intercalated,
layered, and interfingering lavas and volcaniclastic rocks.
Porphyritic, megacrystic, aphanitic, vesicular and amyg-
daloidal lava flows and flow breccias range in composition
from latitic to basaltic andesitic. Various sedimentary
and volcaniclastic horizons are found in the lower
exposures of the Formation within the study area.

Intrusive bodies are encountered throughout the

Formation. These rocks range from porphyritic andesites
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Tip

N Tat

Ts

Til

Figure 4. Diagrammatic stratigraphy of the Red Rock Ranch
Formation., Only generalized vertical and lateral relation-

ships are implied, Refer to Table 1 for symbols used.
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and latite dike rocks to felsic (rhyolitic) dikes.
Propylitization is widespread throughout the Red Rock Ranch
Formation-rocks and is characterized by an assemblage of
chlorite, epidote, and calcite. Minor zones of silicifi-
cation and pyritization occcur around some intrusive bodies.

Horizons of organic, pyritic, and calcareous shales
and siltstones found near the lower stratigraphic levels
seem to be characteristic of only the Red Rock Ranch
Formation deposits. Within the study area, shaly units are
interbedded with and overlie conglomerates, fine-grained
volecaniclastic sediments, lithic-rich tuffs, and
porphyritic andesite flows and flow-breccias.

The lowest stratigraphic portions of the Formation in
this study area are expesed south of the intersection of
the Rock Spring and Deep Canyon faults in the southwest
part of the study area. The total thickness of the Red
Rock Ranch Formation was not measured since only the
uppermost rocks are exposed within the study area. PFarkas
¢stimates the thickness to be at least 1500 feet and
possibly greater than 3000 feet in the southern part of the
San Mateo Mountains.

Volcanic rocks (andesite-latite of Montoya Butte),
which may correlate with the Red Rock Ranch Formation,
overlying Cretaceous or Pennsylvanian sedimentary rocks
have been described west of the study area in the Sierra

Cuchille (Maldonado 1974). Red Rock Ranch Formation rocks
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overly Permian Abo Formation rocks or Pennsylvanian
Magdalena Group limestones in the southern and southeastern
part of the San Mateo Mountains about 4 miles south of the

study area (Farkas 1969) .

Volcaniclastic Member. The volcaniclastic member
is exposed over a small area in the southwest part of the
study area in the eastern part of sections 21 and 22, T9S
R6W, N.M.P.M. The member as defined underlies the shale
member and consists of interbedded volcaniclastic rocks,
tuffe, conglomerates, sandstonesgs, and lithic rich, and
altered ash-flow tuffs. Minor felsic to mafic lava flows
and breccias are found locally in the member. Dark green
aphanitic intrusive bodies similar to those described
within the Garcia Falls member and lower portions of the
Rock Spring Formation are found locally within the member.

Only the uppermost part of the volcaniclastic member
1s exposed within the study area. No exposures were
eXamined outside of the study area so the total thickness
of the member is unknown.

To the south and southeast of the study area, the
Placitas Canyon laminated lake beds (which may be
equivalent to the shale member) are interbedded with
altered andesites (Farkas 1969). The existence of other
shale units lower in the section is possible but evidence

for them could not be found due Lo poor exposures of the
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lower parts of the Red Rock Ranch Formation within the
study area. Farkas also suggests complex vertical and
horizontal relatipnships between the lower Tertiary sedi-
mentary and volcanic rocks in the southern part of his map
area,

Two thin sections were prepared from altered volcani-
clastic rocks from the member, one from the eastern part of
section 21 (Figure 5-A) the other from the eastern part of
section 22 (Figure 5-B). Samples were taken near the
contact with the overlying shales (stratigraphically high

in the member).

Shale Member. The name shale member of the Red Rock
Ranch Formation is used for a distinctive sequence of
variegated, thinly bedded, fissile, pyritic and calcareous
organic shales, and siltstones. These rocks lie beneath
the Garcia Falls andesite and above the volcaniclastic
member of the Red Rock Ranch Formation.

The member is exposed over a relatively small area in
the southwest, and bordering areas of section 22 T9S, R6W,
N.M.P.M.; it attains a maximum thickness of 150 ft in the
western exposures of the member near Deep Canvyon and thins
gradually to the northwest to a thickness of about 10 ft in
Canon de Quirino. The member is overlain by the Garcia
Falls andesite east of Cafion de Quirino within the study

area. Laterally discontinuous lenses of the shale occur
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Figure 5. Photomicrographs of

the volcaniclastic member of

the Red Rock Ranch Formation (crossed polars). Altered
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interbedded with some of the overlying flows of the Garcia
Falls member in the southwestern part of the study area.
Shale zenoliths of various sizes are also common in the
Garclia Falls member.

Western exposures of the member generally exhibit
laterally continuous Planar bedding (Figure 6), but some
exposures in Cafion de Quirino (about 1 mi to the east where
the member isg thinner) show contortion and folding of the
layering within the shaly laminated horizons. Soft
sediment deformation is evident in thin discontinuous shale
beds between flow units of the overlying Garcia Falls -
andesite and the underlying volcaniclastic rocks of the Red
Rock Ranch Formation. The Presence of overturned folds in
the shale and contorted layering in zenoliths in the
overlying andesites indicate that the sediments were
plastic or poorly consolidated when the overlying lavas
were deposited.

The geometry of the folds within the shaly units in
the eastern part of the study area may be indicative of
direction of tilting during tectonic activity or stress
field orientation. The noses of the folds generally point
in southeasterly direction, roughly down-dip. Alternately,
the folds may be related to the stress transmitted to
pPartially consolidated sediments while the lava flows of
the Garcia Falls andesite flowed over and into a lake or

i1ts previously deposited sediments,
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Figure 6, Planar,

bedded, shale menber outerops,

looking

horthwest in the SW/4 of the SW/4 of section 22, T9s, R6W,

N.M.p. M.
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The shale member (and possibly part of the underlying
lower Red Rock Ranch deposits) may closely correlate in
both space and time with the Placitas Canyon laminated lake

beds described by Farkas (1969).

Garcia Falls Andesite Member. The informal name
Garcia Falls andesite member of the Red Rock Ranch
Formation is proposed for a series of porphyritic,
vesicular, amygdaloidal andesite and latite lava flows,
agglomerates, and flow-breccias exposed iIn the southern
part of the study area. 1In the southwest part of the study
area, the member overlies the shale member and is under the

Luna Peak andesite. In the southeast, the member is under

the upper andesite member of the Red Rock Ranch Formation.

The member is intruded by andesite dikes and sills
some of similar textures and mineralogies to the wvarious
flows of the Garcia Falls member, and smaller fine-grained
sparsely porphyritic dikes and sills of rhyolitic compos -
ition. Some dike rocks are indistinguishable from various
flows. Some dikes pinch out downward in outcrops
indicating lateral or downward movement through fissures or
fractures during intrusion.

Exposures of the Garcia Falls andesite member are
distinguished from other lavas of the Red Rock Ranch
Formation by stratigraphic position as well as a variety of

lithologic characteristics. Vesicular flows in the upper



Figure 7. Palagonitized Carcia Falls andesite member flows
above the shale member, looking east in the $/2 of the SE/4

of section 22, TY9S, R6W, N.M.P.M.
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parts of the member, flow-breccias in the middle and lower
flows, and irregular dips of bedding and foliations are
found within the member. Noticeable paleovalleys and
undulatory and interfingering contacts between flows, the
presence of cuspate shale fragments, rounded to sﬁbangular
fragments of andesite, and massive gray limestone fragments
in the lower parts of the member help distinguish the
member from other members of the Red Rock Ranch Formation.
Occasionally large lenticular lithic fragments of slightly
deformed shale are encountered within lower parts of the
member.

Along the trace of the Deep Canyon fault north of
Garcia Falls pervasive propylitic alteration and weathering
has obscured the primary textures of the member beyond
recognition. Stratigraphic position above the shale member
is evidence that the rocks are flows of the Carcia Falls
member. Here a stockwork of calcite veins and intensely
altered rock is encountered (Figure 8).

Some of the upper flows of the Garcia Falls andesite
member may be indistinguishable from lower flows of the
Luna Peak Andesite. The rocks are often similar in texture
and mineralogy and stratigraphic relationships are not
always apparent.

Hand specimens of flows are typically well indurated
and are speckled gray, greenish, purple, or brown. Most

flows are porphyritic rocks with phenocrysts of euhedral
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Figure 8. Altered outcreps of the

member, cut by white calcite veins.

the NW/4 of section 28, T9S, REW,

Garcia Falls andesite

Looking northwest in

N.M.P.M.
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tabular plagioclase and subhedral pyroxene crystals in a
dark fine-grained to aphanitic groundmass. Localized light
brown and tan, fine-grained, vesicular flows are present in
well exposed outcrops in Garcia Falls and Quirino Canyons.

A thin section from one of the less altered lavas is
illustrated in Figure 9 showing the porphyritic (seriate) -
nature of the rock. This sample is porphyritic with pheno-
crysts of plagioclase (oligoclase), and clinopyroxene in a
felty groundmass of plagioclase, clinopyroxene, opaques,
calcite, chlorite, serpentine, and interstitial crypto-

crystalline and microspherulitic areas.

Plagioclase phenocrysts make up about 25% of the rock. tf
The phenocrysts are partially epidotized euhedral to an- E
hedral Carlsbad, albite and complexly twinned laths and
blocks up to 5 mm long, dusted with opaque inclusions.
Clinopyroxene (augite) phenocrysts make up about 15% of the
rock as colorless to light yellow (non-pleochroic) euhedral
to subhedral simple and lamellar twinned equant crystals up
to 2.5 mm in size. Some exhibit cumulophyric relationships
with plagioclase, opaques and other pyroxene crystals; many
display oscillatory zoning or overgrowth textures,
resorption textures and partial alteration to chlorite or
serpentine,
Groundmass plagioclase makes up about 30% of the rock
as fragmental subhedral and anhedral laths up to 1.5 mm

long. They are usually similar to the phenocrysts.
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I mm

Figure ¢. Photomicrograph of a flow of the Garcia Falls

dndesite member {crossed polars).
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Groundmass pyroxene makes up about 10% of the rock as
lath-1like crystals and broken crystals. They are also
similar to the phenocrysts. Groundmass opagues make up
about 10% of the rock as blocky euhedral and anhedral
skeletal crystals up to 0.5 mm in diameter. The remainder
of the groundmass consists of patches and interstitial
regions of calcite, chlorite, and microspherulitic

material.

Upper Andesite Member. The upper andesite member 1is
exposed on the west flank of Luna Peak on the east side of
Catfion de Quirino in the western portions of section 26,
T9S, R6W. Outcrops of the member are generally slope
forming and consist of alternating steps of angular and
rounded layers of flaggy and massive flow-units (Figure
10). The member consists of light-gray to brownish-gray
and black microcrystalline, aphanitic and porphyritic
andesitic lavas. The flows are restricted apparently to
the southern parts of the study area. Chlorite filled
vesicles and epidote and calcite mineralization is evident
along joint surfaces in many outcrops.

The thickness of the member is about 200 feet in the
northern exposures and thickens to over 500 feet southward.
- Both rubbly and sharp lower contacts with the underlying

Garcia Falls andesites are encountered.
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Figure 10.

OQutcrops of the upper andegite member.
northeast in the NW/4 of section 26,

Looking
T9S, R6W, N.M.P.M.
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Luna Peak Andesite Member. The Luna Peak andesite
member of the Red Rock Ranch Formation consists of several
coarsely porphyritic lava flows. The large euhedral
phenocrysts of plagioclase in the uppermost layers (Figure
11) make this rock easily recognizable in the field. The
Luna Peak andesite is exposed over an area of about 3/4
square mile west of Luna Park.
| At Luna Peak the member reaches a thickness (top
eroded?) of 300 feet (90 m) and overlies the upper andesite
member of the Red Rock Ranch Formation. The Luna Peak
andesite thins to about 120 feet (36 m) to the north where
it is overlain by the lower Luna Park tuff.

The member is stratigraphically equivalent to the Luna
Peak andesite described by Farkas (1969) and roughly cor-
relates with the upper part of Foruria’s (1¢85) lower
member of the Spears Formation, and part of Maldonado's
(1974) andesite-latite of Montoya Butte. The rock is also
lithologically similar to the dike member of the Spears
Formation described by Atwood (1981l). Extensive exposures
of similar rocks beyond the boundary of the study area to
the south and southeast have been described by Farkas
(1%69) .

Qutcrops vary in appearance from red-brown, purple, or
Eray, spotted, spheroidally weathered, massive cliffs and
hummocky dip slopes in the upper flows to dark grey and

black angular intensely jointed exposures in lower layers.



Figure 11. Uutcrop of the Luna Peak andesite member.

Looking east near Luna Peak in the central part of section

o
[
—3

o)

95, R6W, N.M.P.M.and northesst 1/4 of sec. 26, TS9S

)
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A few angular lithic fragments of the underlying andesitic
lavas up to 1 m in size are found locally near the base.

Varying degrees of propylitic alteration are
encountered throughout the member. Intensity of alteration
is usually greatest near faults and in laterally discon-
tinuous vesicular horizons.

Upper flows are porphyritic with megacrysts of
euhedral plagioclase, and sparse phenocrysts of magnetite
in an aphanitic or glassy groundmass; lower flows are more
holocrystalline with plagioclase and green pyroxene pheno -
crysts in a trachytoid groundmass of plagioclase and
pyroxene.

Zones of preferentially oriented phenocrysts, layers
of vesicles or amygdules, vertical changes in mineralogy
and texture, and incorporation of clasts from previous
flows indicate a multiple-flow origin for the member. The
similarity of texture and mineralogy of the lower flows of
the Luna Peak andesite to the upper flows of the Garcia
Falls andesites suggest that these members may be a con-
tinuocusly evolving genetically related sequence. The
presence of rubble zomnes and volcaniclastic sediments at
the base, and aphanitic andesite lavas beneath the Luna
Peak andesite indicate a period of time elapsed between the

deposition of the two members. Farkas (1969) suggested

possibly complex interfingering relationships between lavas

;
k
3
5

of the Red Rock Ranch Formation outside of the study area.
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No field evidence was found to locate the source(s) for
these lavas within the study area.

In hand specimen, the upper parts of the member are
dense, porphyritic, vesicular and amygdaloidal with
abundant altered and zoned euhedral, tabular, rhombic,
megacrysts of plagioclase up to 3 cm long; lesser amounts
of smaller (0.5 to 10 nm long) subhedral and fragmental
phenocrysts of altered feldspar (plagioclase), and sparse
euhedral opaques (up to 0.5 mm). Phenocrysts occur in a
dark brown to purple-brown aphanitic to glassy vesicular
and amygdaloidal groundmass.

Plagioclase megacrysts make up as much as 40 percent
of the rock and show & planar orientation parallel to
flow, Irregular-elongate vesicles partially or completely
filled with quartz, chalcedony, calcite, chrysocolla and
chlorite are common locally,

In thin section upper flows (Figure 12) are
porphyritic with abundant (40 %) tabular euhedral to
subhedral megacrysts of plagioclase (An 20) up to 3 em
long, 3 percent altered blocky euhedral feldspar
Phenocrysts 0.25 to 0.5 cm in size, and one percent equant
euhedral opaques up to 0.5 mm in size. Less than one
Percent milky anhedral quartz phenocrysts up to 0.5 mm
long, and one bpercent greemn anhedral to subhedral
glomerocrystic patches of clinopyroxene up to 1.5 mm in

size are present. Phenocrysts occur in a purple-brown
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microcrystalline to cryptocrystalline vesicular and
amygdaloidal groundmass.

Plagioclase megacrysts exhibit Carlsbad and albite
twinning, oscillatory zoning and partial replacement by
calcite. Many of the megacrysts are rimmed by sausseritic
alteration products and contain numerous tabular and
dendritic opaque inclusions along cleavage planes.

The blocky feldspar phenocrysts are partially or
completely altered to clays. 1If they were originally
ganidine, the upper flows could have been latitic in
composition.

Thin sections of middle flows show porphyritic

texture with tabular Carlsbad and albite twinned pheno-
crysts and glomerocrysts of plagioclase up toe 1 ecm long,
sparse euhedral magnetite up to 0.5 mm in size and sparse
anhedral clinopyroxene phenocrysts.

The groundmass is pilotaxitic and hypohyaline,
consisting of plagioclase microlites and dark glass. The
groundmass is slightly amygdaloidal with vesicles filled
with chlerite and unidentified clay minerals. Perlitic
cracks in the groundmass are filled with serpentine or

similar clay minerals.
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ROCK SPRING FORMATION

The name Rock Sﬁring Formation was used by Farkas
(1969) for a series of andesite and latite flows, flow-
breccias and ash-flow tuffs exposed below the Vicks Peak
Tuff and above the Red Rock Ranch Formation. 1In this study
the rocks below the Vicks Peak Tuff and above the Luna Peak
andesite member of the Red Rock Ranch Formation are con-
gidered Rock Spring Formation, roughly the same division
used by Farkas. Some of Farkas’' original names were
retained. Figure 13 diagrammatically shows the strati-
graphic relationships of the various Rock Spring Formation
members used in this study.

The stratigraphically lowest exposures of the
Formation are on the fault block between the Priest Mine
fault and the Rock Spring fault in the south-central part
of the study area. The best exposures of the Formation are
southwest of Vicks Peak in the central part of the study
area. In the rest of the map area the lower portions are
concealed by fault contacts with older rocks or covered by
alluvium, and the thickness of the Rock Spring Formation is
unknown east or northeast of the Rock Spring fault.

The thickness of the upper part of the Formation
northwest of the Rock Spring fault is estimated to be over
3000 feet (900 m). Only the upper few hundred feet of the

Formation are exposed east of the Rock Spring fault within
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Figure 13. Diagrammatic section of the Rock Spring
Formation. Only general vertical and lateral relationships

4Te implied. Refer to Table 1 for symbols used.
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the study area, Farkas (1969) reports the entire Rock
Spring Formation to consist of only the upper and lower
Luna Park tuffs near Penasco Springs (eight miles southeast
of Rock Spring).

The presence of dome structures, near-vent deposits
and volcanic vents within the Rock Spring deposits indicate
a close proximity to eruption sites for at least some of
the deposits. Similarity of mineralogy of some of the
intrusive bodies to some of the lavas is evidence for
source areas of other members.

Intrusive bodies and vents for various members of the
Rock Spring Formation occur along the Rock Spring fault.
This combined with abrupt thickness changes for various
strata across the fault is evidence for syn-volcanic
related deformation along this structure. Proximity of
Rock Spring Formation rocks to possible vent locations may
explain the relatively steep dips of contacts and
foliations encountered within flows exposed northwest of
the Rock Spring fault.

Clasts of Red Rock Ranch Formation rocks within the
basal Luna Park latite indicate possible uplift and/or
erosion of regions southeast of the Rock Spring fault prior
to the eruption of the Luna Park latite. Alternately,
these clasts may be ejecta dragged up from the walls of a

Volcanic conduit.

—
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Lower Luna Park Tuff. The lower Luna Park tuff is a
moderately to densely welded, lithic- and crystal-rich,
multiple-flow, single-cooling-unit, ash-flow tuff. The
tuff is exposed over about 1/10 square mile within the
study area in east-central part of section 22 and the
nerthwest and southwest portions of section 23, T9S5, R6W,
N.M.P.M. The lower Luna Park tuff is possibly strati-
graphically equivalent to the lower Luna Park tuff
described by Farkas (1969), and correlates with the lower
part of the upper Spears Formation of Foruria (1985).
Extensive outcrops of this tuff and the upper Luna Park
tuff (or possible equivalents) have been described south

and southeast of the study area by Farkas (1969). The

lower Luna Park tuff is the lowest rock-stratligraphic
interval of the Rock Spring Formation; it lies above Luna
Peak andesite of the Red Rock Ranch Formation, and is
overlain by the lower andesite member of the Rock Spring
Formation.

The tuff weathers to hummocky debris and colluvium
covered slopes. Outcrops are typically light beige, blue-
gray or light gray. Exposures are moderately to well-
indurated, intensely jointed rounded knobs or slopes with
Yesistant angular and subrounded dark lithic fragments
Protruding from the surface,

Within the study area the tuff is pervasively altered

with areas of quartz-veinlet stockwork, bleaching, argill-
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ization of feldspars and groundmass, epidotized joint
surfaces, and disseminated pyrite. The relatively intense
alteration of the upper portions of the tuff may be due to
less intense welding and an originally high primary per-
meabllity compared to the lower part of the tuff, Propy-
litization of the abundant andesitic clasts within the tuff
combined with bleaching of the matrix give the rock a green
and white spotted appearance locally.

The basal contact of the lower Luna Park tuff with the
underlying Luna Peak andesite is somewhat undulatory with
up to 3 m of relief (Figure 14). The lower portions of the
lower Luna Park tuff are locally extremely lithic-rich and
contain angular rhyolite lithic fragments (up to 3 cm) and
rounded to angular clasts of the underlying megacrystic
Luna Peak andesite (up to 0.5 m in diameter) in a
moderately indurated (welded?) crystal-rich matrix. A few
discontinuous lenses of darker but texturally similar
material are present locally near the base of the unit.
Some of the lower flows may also be mud-flows or lahar
deposits.

In thin section the rock is porphyritic and has pheno-
crysts of euhedral to subhedral laths of plagioclase
(oligoclase) up to 3 mm long, anhedral and fragmental
single crystals and complexly twinned potassium feldspar up
to 1 mm in diameter, and euhedral to anhedral opaques up to

1 mm in diameter (replaced biotite?). Plagioclase and
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alkali feldspar phenocrysts make up 20% and 15% of the rock
respectively.

Angular and subrounded epidotized lithic fragments up
to 1l cm in diameter, devitrified flattened lenticular
pumice fragments with relict tube structures 2.5 to 10 mm
long, and lenticular gas cavities partially or.completely
filled with alkali feldspar (vapor-phase mineralization?)
up to 1 cm long are scattered throgghout the rock. The
groundmass of the rock is partially to completely
devitrified and consists of quartz-feldspar intergrowths,

irregular patches of epidote and clays, and sparse areas of

micro-spherulites and glass (Figure 15).

Lower Andesite Member. The lower andesite member
consists of propylitized, amygdaloidal, aphanitic, fine-
grained and porphyritic andesite flows. The flows separate
the Luna Park latite and lower Luna Park tuff and are only
exposed over a small area on the southwest flank of Hump
Mountain. No thin sections were prepared from these rocks
due to the intense alteration of most exposures and the

relatively minor extent of the member.

Luna Park Latite Member. The Luna Park latite is a
Crystal-rich latite lava exposed in the northeast portion
°of section 21, the north-central part of section 22, the

Southwest portion of section 23, and the northeast portion
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of section 26, T9S, R6W, N.M.P.M. Outcrops of the member
within the study area are restricted to the area directly
north of the Rock Spring fault and to the area between the
Rock Spring fault and the Priest Mine fault. The member is
typically 300 feet (100 m) thick, but thickens somewhat in
the vicinity of the Rock Spring fault where it reaches a
maximum thickness of 600 feet (190 m) . Farkas (1969) has
apparently included this lava in his upper Luna Park tuff
of the Rock Spring Formation.

The Luna Park latite exhibits vertical zonation in
phenocryst content, degree of induration and in styles and
degrees of devitrification. The lower part of the member
consists of thin-layered unwelded air-fall tuffs with
bombs or cognate lithiec fragments up to .5 m in diameter at
the base (Figure 16). An overlying, indurated, spherulitic
zone grades upward into a crudely layered flow-banded zone.
Gas cavities increase in size upward and vapor phase
mineralization becomes more evident. Devitrification and
alteration obscure Primary structures in outcrop and thin
Sections.

The basal portion of the member is slope forming, the
middle portions form steep cliffs (crude columnar jointing)
vith numerous shallow caves (1 to 10m) giving outcrops a
“cavernous spheroidally weathered appearance, Weathered
OUutcrops vary in color from white to brown and often have a

granular flow-banded or layered appearance., Steeper
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foliations which resemble drag folding or prograding flows
1s evident near the fault boundary with older rocks near
Luna Park (Figure 17).

Hand specimens are typically white to gray porphyritic
rocks with phenoccrysts of sanidine, plagioclase and
biotite, and brown cegnate lithic fragments (pumice?) in a
light brown spherulitic (lower portions) to gray aphanitic
(upper portions) groundmass. Upper zones are typically
less indurated than the lower spherulitic zone, and contain
numerous irregular gas cavities (1-3mm) filled with drusy
quartz. Crystal content increases in the lower dense
portions of the member.

Photomicrographs of thin sections from various levels
are presented in Figures 18 A, B, and C, illustrating
changes in phenocryst content, vapor phase mineralization

and style of devitrification of the groundmass.

Luna Andesite Member. The Luna andesite member
consists of vesicular and porphyritic lavas. The member
lies above the Luna Park latite and below the Hump Mountain
member of the Rock Spring Formation. Exposures of the
andesite are confined to the southwestern part of section
23 and the extreme northeastern corner of section 26, T9s,
R6W. The flows apparently pinch out westward in the

vicinity of the Rock Spring fault.
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Figure 17. Sutcrops of

the Luna Park latite, looking

southeast from the west central part of section 23, T9s,

R6W, N.M.P.M,
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The rocks consist of slope-forming brown to red-brown
massive to flaggy lavas. Calcite and silica amygdules are
common locally.

In thin section the rock is porphyritic and amygdal-
oidal with phenocrysts of plagioclase, altered pyroxene,
and opaques in an amygdaloidal, trachytoid groundmass of
plagioclase, pyroxene and opagques (Figure 19).° In lower
flows amygdules are filled with silica. Amygdules in upper

flows are filled with calcite.

Hump Mountain Member, Exposures of Hump Mountain
member of the Rock Spring Formation are restricted to an
area of about 1/2 square mile northwest of Luna Park in the
eastern portion of section 23 and the southeast corner of
section 14, T9S, R6W, and west of the Rock Spring fault in
the northeast corner of section 22 and northwest corner of
section 23, T9S, R6W, N.M.P.M. No exposures were observed
east of the Priest Mine fault or outside of the study area.

The Hump Mountain member is thickest directly east of
the Rock Spring fault, reaching 600 feet (190 m), and thins
to the west across the Rock Spring fault to less than 200
feet (60 m). It pinches out and interfingers with the
Shipman Canyon andesite in the northeast 1/4 of section 22,
T9S, R6W, N.M.P.M. Contacts with the overlying Shipman
Spring tuff are generally relatively planar with little or

No apparent relief.
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The basal parts of the member are composed of thinly-
bedded air-fall tuffs and pyroclastic deposits. These are
overlain by a layered, flow-banded interval. These rocks
consist of porphyritic flow-banded lavas, flow-breccias,
welded lithic air-fall tuffs, welded bomb beds, and fine-
grained welded ash layers. Matrix supported subangular to
rounded cognate bombs range in diameter from 1 e¢m to 75 cm
(some >1 m) in the upper portions and are agparently
derived from petrographically similar rocks through dome
collapse, or explosive eruptions (Figure 20). Bomb sag
structures are apparent in the coarser lithic-rich lavers.

Minor unwelded slabby layers and sandstones can be found
locally at the base and top of the member. Cross beds in
the lower layers may indicate a possible surge origin for
some of the lower parts of the member.

In outcrop the lower air fall tuffs are light brown or
buff in color. They are poorly to moderately indurated
with sparse blocks and bombs within alternating lithic-rich
and fine-grained layers.

The flow-banded (layered) interval is slabby with
light brown, dark red, purple or blue-gray layers, cliff
forming, and exhibits crude columnar jointing (Figure 21).
The lower portions are partially autobrecciated and grade
upward into well indurated porphyritic flow-banded lavas or
welded breccias with increasing lithic content upward., The

average size of the lithic fragments also increases upward
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from about 1 cm in the lower flows to about 10 em in the
upper laversgs, Locally the flows show contortion and
folding of the layers with amplitudes of less than 1 cm to

over 10 cm and wavelengths ranging from 1 ecm to greater

than 1 m. Thig may indicate Post-depositional
deformation. Flow grooves are common and are locally
oriented. Lineation trends Suggest a source region for

these deposits to the north-northwest or to the southsouth-

east of the center of section 23, T9s, R6W, N.M.P.M. No

direct indications of the vent were observed within the

study area, but the Presence of bombs in the deposits

indicate a relative pProximity to a vent (<5 km). Several

large bombs (>l m in diameter) and local dome structures

can be found near the Rock Spring fault, possibly
indicating a source in the northwest part of section 23,

T9S, RéW, N.M.P. M,

The flow-banded interval is overlain by a series of
alternating red, purple, and gray layers of lithic-rich
welded breccias, and volcaniclastic zomnes (Figure 22).
Lithic fragments (lapilli and bombs) are angular to rounded
and range in size from 0.5 inch (1.2 ecm) to 3 feet (1 m) in
diameter. Lithic fragments in the lower flows tend to be
angular whereas those in higher flows are subangular and
rounded. All lithic fragments observed within this
interval and in the lithic-rich flow-banded interval are

&ccessory in nature,
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Flgure 22. OQuterop of
member. Looking north

T9s, R6W, N.M.P.M,
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the upper part of the Hump Mountain

in the southeast 1/4 of section 14,
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The Hump Mountain member is part of the upper Spears
Formation described by Foruria (1985). The upper portions
of the Hump Mountain tuffs are stratigraphically equivalent
to the variegated breccia of the Rock Spring Formation
described by Farkas (19269),

The lower flow-banded interval in this map area was
apparently mapped as the upper Luna Park tuff by Farkas
(1969) . Textures are similar to those found in flow-banded
lavas or welded ash-flow tuffs. The lower parts of the
Hump Mountain member closely resemble a densely welded
lapilli ash-flow tuff, and are mineralogically similar to
the Luna Park tuffs, but the brecciated base, flow grooves
and contorted flow bands indicate that these rocks might be
welded breccias similar to deposits found near the margins
of lava domes or sheared zones in viscous lava flows (Ross
and Smith 1960, p.11),

Hand specimens of the lower flow-banded interval are
light chocolate-brown to purple-brown, well-indurated
porphyritic rocks. Sparse blocky euhedral to subhedral
Phenocrysts of altered potassium feldspar up to 2 mm long,
thin euhedral laths of plagioclase up to 2.5 mm long,
Fandomly oriented, tabular, brown, euhedral, biotite
Phenocrysts up to 1.5 mm long, and a few equant, euhedral
Phenocrysts of magnetite up to 0.5 mm are scattered in a
dark to light brown-purple fine-grained to aphanitic flow-

banded groundmass.
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Angular cognate lithic fragments from 2 to 20 mm make

up to 30 percent of the samples examined in the lower flow-
banded interwval. ‘Elongate irregular shaped vesicles up
to 5 mm long are present in some of the layers. 1Tocal
zones with spherulitic groundmass textures are also Present
in the lower flow-banded interval.

Microscopically the flow-banded interval is
porphyritic containing phenocrysts of plagioclase,
sanidine, biotite, quartz, and opaques. The groundmass
consists of sinuous flow-banded hypocrystalline and micro-
crystalline quartz-feldspar intergrowths, brown glass and
dendritic hair-like opaque crystallites (Figure 23).
Angular microcrystalline flow-banded lithic fragments up to
Ll ecm in diameter similar to the groundmass of the rock are
Present between some of the flow bands. Irregularxr
lenticular vesicles up to 5 mm long, lined or filled with
euhedral quartz microlites are also present, Phenocrysts
dre sparse and consist of plagioclase (1%), sanidine (12),
biotite (l%), quartz (0.5%) and opaques (0.5%). Sparce
lithic fragments (10%), groundmass quartz-feldspar
intergrowths (devitrified groundmass) (40%), groundmass
glass (23%), and groundmass opaques (23%) dominate the
Composition.

Plagioclase phenocrysts are typlcally euhedral or
fragmental laths up to 2 mm long and show partial alignment

Parallel to flow banding. Sanidine phenocrysts are
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I mm

Figure 22. Photomicrograph of the Hump Mountain member

(crossed polars).
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typically milky white, euhedral to subhedral blocks and
laths up to 2.5 mm long and occasionally contain equant
glass inclusions up to 0.4mm in size.

Biotite occurs as randomly-oriented tabular euhedral
to subhedral phenocrysts up to lmm long and as radiating
crystal groups up to 1 mm in diameter. Quartz occurs as
equant, angular, anhedral_phenocrysts up to 0.5 mm long and
appears to be fragmental in nature. Opaques occur as
equant, euhedral squares or blocks and irregular anhedral
blebs up to 0.5 mm in diameter and usually are surrounded
by a thin coating of blood-red hematite or limonite.

The groundmass of the rock is flow-banded (layered)
and consigsts of microcrystalline quartz-feldspar
intergrowths, gray-brown glassy areas, a few quartz and
feldspar crystal fragments, and hair-like opaques. Flow
bands are accentuated by alternating areas of high and low
Percentages of the hair-like opaque crystallites, These
wrap around lithic fragments which are texturally and

mineralogically similar to the groundmass,

Shipman Canyon Andesite Member. The informal name
Shipman Canyon andesite member of the Rock Spring Formation
is proposed for a series of porphyritic, vesicular, and
amygdaloidal lava flows. The andesite is best exposed in
Shipman Canyon in the NE part of Sec. 21 and the NW part of

Sec. 22, T9S, R6W N.M.P.M. Here the member is overlain by
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the Shipman Spring tuff. The member is underlain by the
Luna Park latite in eastern exposures.

Outcrops of the member south of Shipman Canyon appear
as dark purple-red to light purple or gray rounded to
angular exposures (cliff forming lower and upper zones,
slope forming in middle zones). Lower flows tend to have
rounded outcrops, and minor dikes and sill-like intrusive
bodies of a similar but coarser nature can be found. Upper
flows tend to be flaggy, less phenocryst-rich and more
angular in outcrop than the lower flows. Where upper parts
are altered and bleached they are almost indistinguishable
from the overlying crystal rich Shipman Spring tuff.

The andesites near Shipman Canyon are bleached and
pyritized along joint planes in some flows, with varying
degrees of alteration throughout. Alteration observed may
be related to preximity to the Rock Spring and Deep Canyon
faults or to intrusive bodies located east of Shipman
Canvon.

In thin section, the rock is porphyritic with pheno-
crysts of plagioclase (complexly twinned and glomero-
crystic), anhedral to euhedral biotite, potassium
feldspar?, and opaques (after biotite). The groundmass is
a felsic intergrowth of feldspar, quartz, clays and
tryptocrystalline alteration products.

Some feldspar phenocrysts of are partially replaced by

biotite and/or polycrystalline quartz intergrowths
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{potassic alteration?), and others are totally replaced by
epidote, sericite, clays, calcite, and opaques,
Plagioclase phenocrysts are identified by relict albite
twinning.

Biotite phenocrysts have apparently been intensely
oxidized or altered to opaques and occur as euhedral laths
or tabular crystals up to 1 mm long. Pleochroism is re-
tained only in portions of some of the crystals (Figure

24y .

Shipman Spring Tuff. The informal name Shipman
Spring tuff is proposed for a laterally continuous, single
cooling unit, moderately welded, moderately crystal-rich
ash-flow tuff exposed in parts of sections 14, 15, 16, 21,
22, and 23 T9S R6W N.M.P.M. The Shipman Spring tuff is
equivalent to the upper latite tuff of the Rock Spring
Formation described by Farkas (1969). Paleomagnetic data
indicate that the Shipman Spring Tuff is equivalent to the
Blue Canyon Tuff (33.93 ma), which is exposed over large
areas of the northeastern Mogollon-Datil volcanic field
(Bill McIntosh pers. comm. ) .

In the western part of the study area, the tuff
Yeaches an apparent maximum thickness of 400 ft (125 m) and
Cccupies a stratigraphic position between the underlying

Shipman Canyon andesite and the overlying andesite flow

Member of the Rock Spring Formation. The tuff thins to the
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24 . Photomicrograph of -the Shipman Canyon Andesite

{(crossed tolars).
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east to a thickness of 50 ft (15 m) across the Rock Spring
fault and is not exposed east of the Priest Mine fault. In
the eastern part of the study area, the tuff lies above the
Hump Mountain member and below the andesite flow member of
the Rock Spring Formation.

Outcrops of the tuff range in color from white to
beige to light purple-gray in the western part of the study
area and from brick-red to white in the eastern part of the
study area. Joint surfaces are locally limonitic,
particularly in areas near fault zones or intrusive bodies.

The tuff is usually moderately to well-indurated,
cliff forming, and exhibits crude columnar jointing.

Planar alignment of crystal-rich lenticular zones give the
rock a granular flow-banded appearance (Figure 25) and
zones of flattened propylitized pumice impart a eutaxitic
texture locally. The vitroclastic nature of the tuff has
been obscured or destroyed by devitrification or hydro-
thermal alteration except in a few outcrops near Villa
Nerce Spring (where flattened pumice lapilli are preserved)
and in road-cuts near Rock Spring fault in the vicinity of
the Priest Mine (where the original glassy nature of the
tuff is partially preserved).

A thin discontinuous basal layer of bedded altered
air-fall tuff occurs in the western part of the field
&rea. Near the intersection of the Rock Spring fault and

the Priest Mine fault an underlying sequence of altered
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Figure 25. Qutcrops of the Shipman Spring Tuff (NW/4 of

the SE/4 of section 16, T9S, R6W, N.M.P.M.) .
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bedded conglomerates, sandstones, ash-flow, and air-fall
tuffs exist. These deposits were mapped with the Shipman
Spring tuff. Between Villa Nerce Spring and the Priest
Mine a thin andesite flow separates an upper pumice-rich
flow unit from the lower parts of the tuff. This flow was
mapped as part of the andesite flow member of the Rock
Spring Formation.

Outcrops of the tuff are usually easily identified due
to the presence of abundant, copper-colored biotite pheno-
crysts. The tuff could be confused with the texturally and
mineralogically similar Luna Park latite member of the Rock
Spring Formation, or parts of the volcaniclastic member of
the Red Rock Ranch Formation in isolated outcrops or in
areas lacking stratigraphic control,

Hand specimens of the Shipman Spring Tuff are
typically white to light-gray porphyritic rocks with
euhedral to subhedral feldspar phenocrysts up to 3 mm long
and euhedral biotite phenocrysts up to 1 mm long in a light
gray to white devitrified ash matrix. TFaint layers 5 to 10
cm thick are visible in some hand specimens and may
Teépresent relict eutaxitic texture. Zones containing
SParse angular lithic fragments of fine-grained brown
dndesite up to 3 cm in diameter are found near the base of
the tuff near Shipman Spring in section 16, T9S, R6W

NM.p. .M.
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Pumice content is obscured apparently by devitri-
fication, except in the vicinity of Villa Nerce Spring
(SE/4 sec 15, NE/4 sec 22 T9S, R6W), where alteration has
accentuated the coﬁtrast between pumice fragments and the
groundmass of the rock (Figure 26). The propeortion of
phenocrysts varies somewhat both vertically and laterally
within the tuff and ranges from about 10% to 25% total
phenccrysts.

Two thin sections of samples of the tuff, one from
near Shipman Spring and another from the area near the
Priest Mine are illustrated (Figures 27 A and B respect-
ively). Figure 28 is an enlargement of an area in Figure
27 B showing relict vitroclastic texture preserved in the
eastern parts of the study area. The rocks are generally
porphyritic with phenocrysts of plagioclase, altered
biotite, and altered blocky feldspar (sanidine?) in a
devitrified groundmass of quartz-feldspar intergrowths and
cpaque crystallites. Altered latite and andesite lithic
degrees of alteration to epidote, calcite and clay

minerals, and exhibit relict albite and Carlsbad twinning.

Andesite Flow Member. The informal name andesite
flow member is used to describe a series of aphanitic,
sparsely vesicular, amydaloidal, fine-grained, and
generally sparsely porphyritic lava flows (and multiple

flows) of predominantly andesitic composition. Flows
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Figure 26, Outcrops of the upper part of the Shipman

Spring Tuff in the SE/4 of the SE/4 of section 15, T9s,

REW, N.M.P.M.
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Figure 28. Enlargement of part of Figure 27 (B)

1llustrating the relict vitroclastic nature of the rock

(crossed polars).
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contain volcanic breccias, and rubble zones; minor wvolcani-
clastic sediments occur between the flows,

The andesite flow member lies stratigraphically
between the Shipman Spring tuff and the pyroxene andesite
member. Up to nine individual lava flows can be observed
where the overall thickness reaches its maximum in the
west-central part of section 16, T9S, R6W, N.M.P M.

The andesite flows correlate stratigraphically with
the lower part of the upper andesite flows (trs4) of the
Rock Spring Formation described by Farkas (1969), and part
of Foruria’'s (1985) upper member of the Spears Formation.
The member also possibly correlates with parts of the
andesite-latite of Montoya Butte described by Maldonado
(1974), and the andesite member of the Spears Formation of
Atwood (1982).

The best exposures of the member are between Shipman
Canyon and Rock Springs Canyon in sections 16, 15, and 14,
T9S, R6W, N.M.P.M,. In this area, the member attains its
greatest thickness (1000 feet, 300 m), and lenticular
€xposures of the Hells Mesa Tuff are interbedded with the
uppermost flows.

Only the lowermost flows are exposed between the Rock
Spring fault and the Priest Mine fault due to erosion of
the upper parts of the member. Pre-existing paleovalleys
in altered early flows were later filled with a brown flow

(Figure 29), Poorly to well-developed spiracles within
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Figure 29. TLower flows of the andesite flow member of the
Rock Spring Formation. Paleotopography is accentuated by a
brown fiow-unit filling in depressions in a lighter flow-
unit. (Looking east in a road-cut in the western part of

Section 14, T9S, R6W, N.M.P.M.).
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the brown flow indicate some of the flows were deposited
over wet ground or into shallow water in this area (SE 1/4
of sec. 14, T9S, R4W, N.M.P.M.).

East of the Priest Mine fault the member is down--
faulted and concealed. The thickness or extent of the
exposures outside of the study area are unknown.

Outcrops of the various andesite to basaltic andesite
flows range in color from black to dark gray to brown to
red-brown. Exposures consist of well-indurated flow-banded
to massive lava flows interbedded with variegated volcanic
breccias and rubble zones. The matrix of rubble zones and
volcanic breccias often exhibits pervasive propylitic
alteration. The member usually forms rolling hills and
slopes, except along the sides of major drainages or
arroyos, where it forms steep cliffs. Nick points and dry
waterfalls form where ephemeral streams cross contacts
between resistant flows and less resistant rubble zones or
less resistant lava flows within the member.

Joint styles vary from columnar to sheeted and many
outcrops display irregular anastomosing joint patterns or
semi-conchoidal fractures. Locally, joint surfaces are
coated with drusy epidote or calcite. Vesicles and calcite
amygdules are common in the lower flows and at the tops and
bottoms of the individual flows. Vesicles are locally

€longated in the direction of flow. Rarely some of the
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more slabby flow-banded flows exhibit minor flow-grooves on
flow planes.

A thin section made from one of the lowermost flows
(Figure 30) shows sparse phenocrysts of Plagioclase in a
pilotaxitic groundmass of plagioclase (An 50), clino-
PyroxXene, and opaques, with secondary calcite, silica

amygdules, and hematitiec altered areas.

Hells Mesa Tufrf, The Hells Mesa Tuff is a welded,
crystal-rich, two feldspar, rhyolite ash-flow tuff exposed
throughout the northeast Mogollon-Datil volcanic field.

The source area for the Hells Mesa Tuff is considered to be
the Socorro cauldroen in Socorro County, New Mexico (Osburn
and Chapin, 1983).

Within the study area the Hells Mesa Tuff occurs in
discontinuous lens-shaped exposures up to 50 feet (15 m)
thick, Outcrops occur in the upper part of the andesite
flow member of the Rock Spring Formation in sections 15 and
16, T9S, Ré6W, N.M.P.M, The tuff occurs as two flow units
Séparated by about 5 feet of andesitic breccia.

Paleomagnetic pole positions from upper portions of
the tuff fie relatively well to those of the Hells Mesa
Tuff from other locations in the Mogollon-Datil Volcanic
Field (Bill MecIntosh pPers. comm.). No reliable

Paleomagnetic data was obtained from the lower flow unit,



73

Figure 30.

Photomicrograph of a lower flow of

the andesite

flow member of the Rock Spring Formation (crossed polars) .
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The tuffs were apparently deposited in paleovalleys or low
lying areas on flow surfaces.

The best exposures occcur in an arroyo east of Shipman
Canyon in the northeast /4 of section 16, T9g, R6W,
N.M.P.M., where a coarse andesitic breccia Separates upper
and lower flow units (Figure 31).

In outcrop the Hells Mesa Tuff is typically white,
pink, or light gray in color. It is well-indurated and
massive, and forms spheroidally-weathered cliffs and
ledges. The middle breccia interval is usually poorly to
moderately indurated and forms a break in slope between the
upper and lower more resistant tuff units,

Hand specimens of the lower exposure are porphyricic
with phenocrysts of altered feldspar, quartz and biotite,
and brown and green (propylitized) lithiec fragments in a
light-gray ash matrix. Alignment of biotite and slight
pPreferred orientation of lithiec fragments impart a crude
foliation to some hand specimens.

Feldspar and quartz phenocrysts make up 15% and 10% of
the rock respectively, Feldspar phenocrysts occur as
milky-white subhedral to euhedral laths and blocks up to
1 mm long. Quartz occurs as colorless transparent equant
anhedral to subhedral crystals up to 1 mm in diameter.
Biotite occurs as bronze and black euhedral hexagonal books

YP to 1 mm long and makes up about 3% of the rock.
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Figure 31. Outcrops of the Hells Mesa Tuff looking north-

fast in the middle of the SE/4 of section 16, T9s, R6W,

>

N.M.p.M,
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Lithic fragments make up about 5% of the rock. Lithic
fragments consist of brown and dark-brown angular to sub-
rounded fine-grained andesite up to 3 cm in diameter.
Smaller subrounded and rounded green propylitized andesite
particles up to 5 mm in diameter are also present.

Microscopically the lower flow unit is porphyritic
with phenocrysts of sanidine, anorthoclase (%enocrysts?),
quartz, plagioclase, opaques, biotite, and orthopyroxene;
lithic fragments of fine-grained andesite, Propylitized
andesite, polyerystalline quartz, and devitrified pumice
are found in a partially to completely devitrified
vitroclastic matrix (Figures 32 A and B).

Sanidine makes up about 15% of the rock as equant
subhedral to anhedral single crystals and simple twins up
to 1 mm in diameter. Some of the sanidine crystals exhibit
exsolution lamellae. Anorthoclase makes up 10% of the rock
and occurs as subhedral to euhedral blocks up to 0.6 mm and
exhibits tartan twinning. Quartz makes up 10% of the rock
as irregular or rounded anhedral to subhedral crystals up
to 1 mm long and often appears embayed or corroded. Many
of the quartz crystals contain inclusions of feldspar, and
some exhibit undulatory extinction. Plagioclase makes up
6% of the rock as euhedral to subhedral Carlsbad and albite
twinned laths and blocks up to 1 mm long with clay alter-

ation products along cleavage and twin planes.



Figure 32. a.

Photomicrographs (crossed polars) of the

Hells Mesa Tuff. B, Enlargement of part of a showing

Telict pumice and vitroclastic nature of the rock.
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Biotite makes up as much as 3% of the rock as wavy
crinkled laths and blocks up to 1 mm long and often shows
effects of oxidation or partial replacement by muscovite
and opaque minerals. Opagque phenocrysts make up 2% of the
rock as subhedral to euhedral irregular blebs and blocks up
to 0.5 mm in diameter. Pink-brown pleochroic orthopyroxene
phenocrysts make up about 2% of the rock. These occur as
euhedral to subhedral laths up to 0.5 mm long and often
have a glomerocrystic relation to opaque phenocrysts. The
Presence of pyroxene may indicate that the lower tuff is
not part of the Hells Mesa Tuff.

The middle breccia interval contains a large pro-
portion (up to 75%) of angular and rounded lithic o
fragments. They range from 3 to 60 cm in diameter and
occur in a brown crystal and ash matrix of similar
composition to the lower flow unit,

The upper flow unit is very similar to the lower flow
unit in composition and texture, but contains less quartz
phenocrysts and no pyroxene. The upper flow unit is over-
lain by andesitic, volcanic breccias similar to those found
between the various flows of the andesite flow member of

the Rock Spring Formation.

Pyroxene Andesite Member. The informal name pyro-
Xene andesite member is used for a distinctive andesite

flow (or flows) exposed in the central part of the study
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area. Extreme western €Xposures are between the andesite
flow member and the upper andesite member of the Rock
Spring Formation. To the east, flows are overlain by the
Priest Mine andesite. Blocky Pseudomorphs of serpentine
after pyroxene weather out giving the rock s pitted
appearance,

In outcrop, flows are typically blue-gray to brown,
somewhat flaggy, sheeted or flow-banded and exhibit semi.-
conchoidal fracture. Flows are typically slope forming or
consist of alternating slopes and angular ledges. The
lower few feet are usually brecciated or rubbly and the
lower contact with the andesite flow member is relatively
planar with little or no relief. The member is thickest in I
the southeast corner of section 15 in the vicinity of an
altered intrusive of similar texture and composition,

In thin section, the rock is porphyritic with pheno-
crysts of clinopyroxene and plagioclase in a trachytoid
groundmass of plagioclase, opaques, clinopyroxene, and
secondary calcite, Eilipsoidal amygdules up to 1 mm long
are found locally and are elongated in the direction of
flow (Figure 33),

Clinopyroxene (augite) phenocrysts make up about 3
Pércent of the rock and occcur as euhedral and subhedral
simple, lamellar, and complexly twinned crystals up to
0.5 mm in diameter. The pyroxene phenocrysts are usually

colorless and some show hourglass and sector zoning.
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Figure 33, Photomicrograph of the pPyroxene andesite member

of the Rock Spring Formation (crossed polars).
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Serpentine pseudomorphs after Pyroxene or olivine? occur as
blocky (glomerocrysts?) masses up to 2.5 mm,

Plagioclase phenocrysts make up about 1 percent of the
rock and occur as albite and Carlsbad twinned laths up to
1 mm long and are often preferentially aligned parallel to
flow. Groundmass plagioclase makes up about 61 percent of
the rock as altered laths up to 0.5 mm long arranged in a
trachytoid fashion.

Opaques make up about 20 percent of the rock and occur
as anhedral to subhedral crystals up to .25 mm in diameter.
Groundmass pyroxene makes up about 10 percent of the rock
as anhedral and subhedral intergranular patches. Irregular
masses of polycrystalline calcite occur as partial replace- 0o

ments of phenocrysts and groundmass crystals.

Priest Mine Andesite Member. The Priest Mine andesite
member is exposed east of the Priest Mine fault in the
southwest corner of sec. 13, T9S, R6W, and west of the Rock
Spring fault in sections 14, 15 and 16, T9S, R6W. East of
the Priest Mine fault the member is 200 feet (65 m) thick
and dips to the east. West of the Rock Spring fault the
thickness is somewhat variable with a maximum thickness of
350 feet (110 m). The member thins to the west and pinches
out in the NE corner of sec. 16, T9S, RéEW. West of the

Rock Spring fault the member dips N-NE from 25 to 30

degrees.
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The member lies conformably above the pyroxene
andesite member and is overlain by the upper andesite
member of the Rock Spring Formation. Upper and lower
contacts rarely show more than 5 feet (1.5 m) of relief,
West of the Rock Spring fault the member is underlain by
thinly bedded volcaniclastic sandstone that probably
occupies minor depressions in the underlying pyroxene
andesite. Minor rubble zones are Present locally at the
top and bottom of the member, East of the Priest Mine
fault the lower contact of the member is conformable to the
underlying pyroxene andesite member.

The "turkey track"™ texture and phenocryst-rich, por-
phyritic nature of the member make it easily recognizable
in the field. Weathered outcrops are typically speckled
dark gray, red-brown or light gray-brown and exhibit
spheroidal weathering. Lower exposures are locally flaggy
and flow- banded whereas middle and upper portions tend to
be massive and more pPhenocryst rich,

Variations in phenocryst proportion and the presence
of discontinuous vesicular zones probably indicate the
presence of several lava flows in the Priest Mine
andesite. East of the Priest Mine fault, the flows contain
Pyroxene phenocrysts that weather out in a similar manner
to those of the underlying pyroxene andesite.

In hand specimen, fresh surfaces are typically

Speckled dark brown, red-brown or black. Megascopically
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flows are porphyritiq with euhedral phenocrysts of
plagioclase up to 2 mm long, and green subhedral pyroxene
up to 0.5 mm in a dark gray to black aphanitic to
microcrystalline groundmass. Plagioclase phenocrysts,
which locally compose up to 40 percent of the rock, often
exhibit a stellate glomerocrystic habit. Pyroxene
phenocrysts make up about 10 percent of the rock and are
often partially chloritized.

Microscopically the rock is glomerocrystic and cumulo -
phyric with Phenocrysts of plagioclase, orthopyroxene and
clinopyroxene in a felty groundmass composed of
plagioclase, altered byroxene, opaques, clays, and
cryptocrystalline alteration Products. Euhedral Stellate
glomerocrysts of Plagioclase (An 33) 0.5 to 2,5mm long make
up about 30 percent of the rock as groups of oscillatory
zoned Carlsbad and albite twinned crystals. Small inclus-
lons of bpaques are discernable in many of the plagioclase
phenocrysts,

Euhedral to anhedral phenocrysts of Pleochroic yellow-

(Figure 34). Partial replacement by chlorite can be
Noticed along the margins and within some of the ortho-

PYroxene phenocrysts. Rounded anhedral to subhedral
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34. Photomicrograph of the Priest Mine
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clinopyroxene (augite) phenocrysts up to 1 mm make up about
1 percent of fhe rock. Many show simple or complex
twinning and resorption textures.

The groundmass is characterized by randomly oriented
lath-shaped plagioclase microlites up to 0.07 mm long with
interstitial pyroxene, euhedral to anhedral magnetite and
cryptocrystalline clay alteration products. The groundmass
is made up of 30% plagioclase, 15% pyroxene, 8% opagues and

6% clays and alteration products,

Upper Andesite Member. The upper andesite member
of the Rock Spring Formation is a series of aphanitic,
porphyritic, and amygdaloidal lava flows and interbedded /!
agglomerates, breccias, and rubble zones. They are exposed
in the south central parts of the study area (SE/4 sec. O,

SW/4 sec. 10, W/2 sec. 13, N/2 sec. 14, N/2 sec. 15, Nw/4
sec. 16, T9S, R6W, N.M.P.M. Extensive alteration of flows
makes classification difficult, based on texture flows
pProbably range in composition from andesitic to basaltic
andesitic. Minor latite lavas are exposed locally in the
Upper part of the member,

Eastern exposures of the member overlie the pyroxene
andesite and underlie the zeolitic andesite of the Rock
Spring Formation. Western exposures of the member overlie
the Priest Mine andesite and underlie the volcaniclastic

member of the Rock Spring Formation.
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The upper andesite member correlates with the upper
part of the upper andesite flows (Trs4) of the Rock Spring
Formation described by Farkas (1969). The overall nature
of the member is very similar to the andesite flow member
of the Rock Spring Formation, and the intercalated
andesites within the Vicks Peak Tuff. Certain
identification of the member can only be made where strati-
graphic relationships are evident.

A thin section from one of the more distinctive flows
from the upper part of the member is shown in Figure 35.
Clasts from this flow are abundant in the overlying

volcaniclastic member of the Rock Spring Formation.

Volcaniclastic Member.. The informal name volcani-
clastic member of Rock Spring Formation is proposed for a
series of lithic-rich, crudely-bedded, poorly-sorted,
matrix supported, volcaniclastic breccias and felsic iava
flows. Figure 36 shows a well-exposed outcrop of bedded
material west of the Rock Spring fault.

The member occupies a stratigraphic position beneath
the La Jencia or Vicks Peak Tuffs in the eastern part of
the study area and between the zeolitic andesite and the
upper flows of the upper andesite member of the Rock Spring
Formation. 1In the western parts of the study area, the
member overlies and interfingers with a hornblende bearing

andesite of the upper andesite member. Discontinuous
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Figure 35, Photomicrograph of an upper flow of the up;p
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&ndecsite member of the Rock Spring Formation (crosse
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Outcrop of a relatively well-bedded part of the

Figure 36.

Formation.

ing

ic member of the Rock Spri

volcaniclast

(Looking northeast in the NE/4 of the NE/4 of section 14,

N.M.P.M.),
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felsic lava flows and dikes are found in the member in
western exposures. A possible vent for the member is
exposed on the side of a steep canyon in the NW corner of
section 14, T9S, R6W, N.M.P.M.
The member is thickest in the SW/4 of section 10, T9s,
R6W, where it reaches 1 maximum thickness of 400 feet
(125 m). It thins abruptly to the northwest, and has a
variable thickness eastward toward the Rock Spring fault.
The member is only about 50 feet (15 m) thick east of the
Rock Spring fault and is of a distinctively different
character, being composed of lava flows and/or finer
grained lithic-rich flow-breccias with ne apparent mud or
clay material within the matrix, In the northwest part of
the field area the member is missing or consists of thin
discontinuous horizons of thinly bedded and cross-bedded
volcaniclastiec litharenite.

Figures 37 A and B illustrate the clastic nature of
the matrix of the volcaniclastic member. The rock consists
of angular to rounded, altered lithic fragments from 0.5 mm
to 1.5 em (up to 1 m in outcrop), in a clastic matrix. The
matrix consists of grains and irregular patches of opaques,
angular to subrounded quartz (0.1-0.75 mm), angular to
subrounded alkali feldspar (0.1-0.25 mm), and rounded
grains of plagioclase up to 0.3 mm long. The presence of

¢lay (sericite and kaclinite?) pseudomorphs after feldspar

“p to 0.5 mm in size, anhedral polycrystalline blebs of



90

oo
¥

-
2,

HE"

5 » {\f}'

Figure 37, Photomicrographs of the volcaniclastic member

of The Rock Spring Formation. A. Crossed polars. B. Plame

Polarized light,




91
calcite (pseudomatyix?) up to 1 mm across, and
cryptocrystalline clay (smectites?) dusted with minute
hematite crystallites in the groundmass indicates post-

depositional alteration and/or diagenesis of the rock.

Zeolitic Andesite Member. The informal name
zeolitic andesite member of the Rock Spring Formation is
proposed for a series of gray and blue-gray altered fine-
grained vesicular and amygdaloidal lava flows exposed over
a relatively small area in Shipman Canyon in the central
part of section 9 and in part of seection 10, T9S, R6W,
N.M.P.M. Exposures of the member east of Shipman Canyon
are limited due to extensive talus cover.

Near Shipman Canyon the member unconformably overlies
a hornblende-bearing andesite in the upper andesite member
and is overlain by the La Jencia Tuff. To the east in the
seuth central part of section 10, T9S, R6W the andesite is
underlain by the volcaniclastic member of the Rock Spring
Formation; the member pinches out under the La Jencia Tuff
in this vicinity. ©Northwest of Shipman Canyon the member
is concealed by alluvial fan sediments except in a small
outcrop in the NW/4 of section 9, T9S, R5W, N.M.P.M. Here
it is overlain by the Vicks Peak Tuff to the east and in
fault contact with the Vicks Peak Tuff to the west.

In outcrop, the member is generally slope-forming,

Poorly to moderately well-indurated, massive to slabby and
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ranges in color from purple-gray to blue-gray. Outcrops in
Shipman Canyon are typically poorly indurated, and have a
rough, bleached appearance. Outecrops of the member east of
Shipman Canyon are generally less weathered and more
indurated but show evidence of extensive zeolitization
and/or propylitization. Preferentially oriented vesicles
filled with radiating groups of acicular white zeolite
crystals give the rock a spotted flow-banded appearance
locally. Chloritization of the groundmass gives the rock a
blue-green tint in some outcrops. Tabular, transparent,
red zeolite crystals with a similar morphology to feldspar
phenocrysts can be found locally. Hand specimens of the
member are generally nondescript light blue to blue-gravy,
fine grained or aphanitic (and possibly originally sparsely
porphyritic) amygdaloidal rocks composed of altered plagio-
clase, pyroxene and opaque oxides with interstitial alter-
ation products.

In thin section, the rock is nearly holocrystalline
with a felty texture. The rock is composed of euhedral to
subhedral lath shaped, simple twinned, Plagioclase up to
0.5 mm long, colorless to light green euhedral to subhedral
0ctagon and lath shaped clinopyroxene crystals up to 0.5 mnm
long, euhedral microlites and intergranular anhedral
dendritic and skeletal crystals of opaque oxides up to
0.4 mm long, and interstitial cryptocrystalline pyroxene or

alteration products.
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Irregular elongate vesicles up to 4 mm long are filled
with zeolites exhibiting repeated lamellar twinning, which
Tesemble twinning common to the plagioclase feldspars
(Figure 38). (The uniaxial character of the zeolitesg
tentatively identifies them as chabazite). Some vesicles
are partially filled or lined with drusy calcite,

Plagioclase makes up about 60% of the rock and is
partially altered to clays and contains minute opague
inclusions, Clinopyroxene (augite?) makes up about 15% of
the rock as simple and complex twinned crystals exhibiting
oscillatory and sector zoning and as anhedral interstitial
crystals. Opaques make up about 15% of the rock as
euhedral crystals and as partial replacements of pPyroxene

crystals,

La Jencia Tuff, Regionally the La Jencia Tuff is a
multiple-flow, compound cooling unit, ash-flow tuff exposed
eéxtensively throughout the northeast Mogollon-Datil
volcanic field. The La Jencia Tuff is thought to be from
the simultaneous eruption of the Sawmill and Magdalena
Cauldrons (Osburn and Chapin, 1983).

Within this area, the La Jencia Tuff occurs as thin
discontinuous lenses below the Vicks Peak Tuff in the
south-central part of the map area. The thickest exposures
of the tuff occur on the south side of Shipman Canyon in

the western part of section 9, T9S, R6W, N.M.P.M. In this



Figure 38,

Photomicrographs of

the zeolitic andesite

Wember (crossed polars).
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area, it reaches a thickness of about 60 feet (18 m). The
tuff 1s composed of a lower moderately welded and an upper
densely welded zone, and overlies a thin zone of inter-
bedded volcaniclastic sediments (Figure 39). Eastern
exposures of the tuff consist of discontinuous outcrops of
welded, moderately crystal-rich tuff overlying the volcani-
clastiq member of the Rock Spring Formation.

Minor discontinuous lenses of crystal-poor gray tuff
and Liesegang-banded material can be found above and below
the tuff locally. These horizons may represent early and
late flow units or air-fall tuffs related to the eruption
of the La Jencia or Vicks Peak Tuffs.

Lower portions of the tuff vary in color from buff to
light red-brown. Upper welded parts of tuff are usually
chocolate-brown, purple-brown or dark brick-red. Crystal
content is somewhat variable tanging from a few percent in
lower portions to 15 percent in the upper welded zone.
Highly flattened pumice in the upper welded zone give the
rock a fluidal eutaxitic appearance locally.

Hand specimens of the welded zone are porphyritic with
Phenocrysts of sanidine up to 1.5 mm, sparse biotite up to
1l mm, and minor quartz in a red-brown fluidal groundmass .
In thin section, the rock is porphyritic with phenocrysts
of sanidine, plagioclase, quartz, biotite, pyroxene and
®Paques in a groundmass of axiolitic shards, lithic frag-

Ments, calcite, opaques and biotite (Figure 40).
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Figure 39. Outcrops of the basal La Jencia Tuff, overlying
Volcaniclastic sediments in Shipman Canyon, looking north-
east in the SW/4 of the NE/4 of section 9, T9s, Ré6W,

N.M.P.M.
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Sanidine phenoccrysts make up about 8 % of the rock as
euhedral to subhedral simple twinned blocks and fragmental
crystals up to 1 mm. Some exhibit a glomerocrystic habit
and undulatory extinction. Plagioclase (An 10) makes up
about 2 % of the rock as subhedral to anhedral simple
twinned blocks and fragments up to 1 mm long. Some of the
crystals have perthitic intergrowths and are partially
replaced by calcite. Quartz phenocrysts make up about 1 %
of the rock as anhedral, fragmental and polycrystalline
grains up to 0.4 mm in diameter.

Biotite makes up less than 1 % of the rock as
subhedral books up to 0.5 mm long. Pyroxene phenocrysts
make up less than 1 % of the rock as anhedral crystals up
to 0.5 mm in size rimmed by clays and calcite. Opaque
phenocrysts make up less than 1 % of the rock as euhedral
hexagons and blocks and as irregular anhedral patches up to
0.3 mm in size. Lenticular, devitrified pumice fragments
up to 2 mm X 1 cm make up about 8 % of the rock, and
altered fine-grained and porphyritic lithic fragments make
up as much as 2 percent.

The groundmass of the rock consists of devitrified
microcrystalline and cryptocrystalline axiolitic shards
dusted with hematite and opaque crystallites along with
irregular interstitial areas of calcite up to 1 mm across
(secondary alteration). Shard structures often wrap around

Phenocrysts and lithic fragments and show a preferred
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planar alignment giving the rock a micro-eutaxitic

appearance in thin section.
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POST ROCK SPRING FORMATION DEPOSITS

A sequence of ash-flow tuffs, air-fall tuffs, rhyolite
lavas, and volcaniclastic rocks lie above the Rock Spring
Formation. The units overlie the La Jencia Tuff of the
Rock Spring Formation where it is present and are overlain
by the terrace gravels (Qtg) and Alluvium (Qal). Two ash-
flow tuffs, the Vicks Peak Tuff and the tuff of Turkey
Springs have been dated by high-precision 40Ar/39Ar
methods. The Vicks Peak Tuff has been determined to be
28.46 Ma by Kedzie (1984). The tuff of Turkey Springs has
been dated at 24.3 Ma (McIntosh 1986). A diagrammatic
representation of the stratigraphy of the post-Rock Spring

Formation deposits is presented in Figure 41,

Vicks Peak Tuff, The Vicks Peak Tuff is a densely-
welded, multiple-flow, single cooling unit, crystal poor
ash-flow tuff (ignimbrite) sheet exposed throughout the
northeast Mogollon-Datil volcanic field. The thickest
documented exposures of the Vicks Peak Tuff occur in the
southern San Mateo Mountains. Deal and Rhodes (1976) have
suggested that the source cauldron for the Vicks Peak Tuff
(Nogal Canyon Caldera) is located near the southern end of
the mountain range. An arcuate pattern of intrusive bodies
(mapped by Farkas, 1969) is observable on Landsat images in

this region.
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Figure 41. Diagrammatic stratigraphy of the post Rock
Spring Formation deposits. Only relative lateral and
Vertical relationships are implied. Refer to Table 1 and

Plate 1 for symbols used.
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Reconnaissance indicates that a moderately thick
section of Vicks Peak Tuff (>1500 ft.) is present in the
southeastern parts of Deal and Rhodes'’ proposed Nogal
Canyon Caldera, which has been generally accepted as the
source of the Vicks Peak Tuff. The Present study indicates
that the thickness of the Vicks Peak Tuff increases
dramatically northward in the vicinity of the northwestern
boundary of Deal and Rhodes’ Nogal Canyon Caldera. This
indicates that a revision in the total areal extent and
possibly a northwestward shift in the location of the
caldera boundaries is necessary.

Exposures of outflow facies Vicks Peak Tuff have been
described from the Joyita Hills, the northern Jornada del :
Muerto, and the Magdalena, Lemitar, Bear, Datil, and
GCallinas Mountains (Osburn and Chapin 1983) . Deposits of
the Vicks Peak Tuff up to 300 feet (90 m) thick have been
found as much as 60 miles (95 km) northeast of the proposed
source area (Osburn et. al. 1986), Typical thicknesses of
distal outflow Vicks Peak Tuff range from a few feet to 800
feet (300 m).

Proximal outflow and possible cauldron-fill deposits
of Vicks Peak Tuff have been described by Furlow (1965),
Farkas (1969), Atwood (1982), Foruria (1985), and Ferguson
(1985) in the San Mateo Mountains and by Maldonado (1974)
in the northern Sierra Cuchillo., Typical proximal deposits

Tange in thickness from 100 feet (30 m) to 2000 feet (650
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m). Depesits considered to be cauldron facies were thought
to be more than 2000 feet (650 m) thick (Deal and Rhodes
1976) .

The Viecks Peak Tuff is the most extensive and thickest
volcanice Yock-stratigraphic unit exposed within the study
area; it covers a area of about 11 square miles, and
reaches a maximunm estimated thickness of 4000 feet (1370
m). Within the study area the Vicks Peak Tuff displays
lateral variations in thickness. The thickest exposures
(4000 feet) lie to the northwest of the Rock Spring fault;
cast of the Rock Spring fault the Vicks Peak Tuff reaches a
maximum estimated thickness of 2000 feet (650 m).
Diagrammatic stratigraphic columns of the Vicks Peak Tuff
are presented in Figure 42,

Joint styles and erosion patterns in the Vicks Peak
Tuff vary in vertical section. The lower part of the tuff
is typically intensely and chaotically jointed, and forms
slopes. This slope-forming zone is generally 200 feet
(65 m) thieck where the Vicks Peak Tuff is thickest.

The middle and upper parts Qf the Vicks Peak Tuff
usually exhibit crude columnar jointing and form steep
cliffs, A middle slope-forming zone is present west of the
Rock $pring fault in the middle of the thick section of the
Vicks Peak Tuff in an interval containing lithic-rich

breccias and intercalated andesites.
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Phenocryst content of the Vicks Peak Tuff also varies
in vertical section. The lower part of the tuff typically
contains less than one percent phenocrysts of sanidine,
Phenocryst content increases upward in the tuff to 10
percent in the uppermost €xposures. Traces of biotite are
also found in the “Pper zones of the Vicks Peak Tuff,

Figures 43-45 illustrate outcrops of the Vicks Peak
Tuff at different levels east of the Rock Spring fault.
Illustrations of hand specimens of the Vicks Peak Tuff
taken from various levels of the Preposed cauldron fill
deposits are shown in Figures 46 A-0Q.

Photomicrographs of thin sections from various levels
in the proposed cauldron fill deposits of the Vicks Peak
Tuff are presented in Figures 47 A-F. The devitrified
nature of the tuff overall, along with the general increase
in phenocryst content upward in the tuff are illustrated.

Dense welding extends to the base of the Vicks Peak
Tuff. Exposures of poorly welded upper Vicks Peak Tuff
within the study area are restricted to the area west of
the Deep Canyon fault in the northwestern part of the
Mapped area.

Devitrification has apparently taken place in alil but
the uppermost portions of the tuff. Evidence of vapor
Phase mineralization 1s present, but more obvious in
Sutecrop in the upper portions of the tuff where large gas

tavities have remained relatively un-flattened.
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Figure 43 . Intensely jointed outcrop of the lower Vicks
Peak Tuff (Tvpl). Looking west in the SW/4 of section 11,

T9s, RéW, N.M.P. M
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Figure 44, OQutcrop of the lithic-rich zone of the Vicks

Peak Tuff (Tvp2). Looking west in the SE/4 of the NW/4 of

section 11, T9S, RéeW, N.M.P.M.
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The thickest and most complete section of the Vicks
Peak Tuff exposed within the study area occurs on a gently
eastward dipping fault block lying to the northwest of the
Rock Spring fault and east of the Deep Canyon fault in
sections 2, 3, 9, 10, and 11, T9S, R6W, N.M.P.M. In this
area the Vicks Peak Tuff lies conformably above the La
Jencia Tuff or unconformably above deposits of the upper
Rock Spring Formation. The estimated thickness of the
Vicks Peak Tuff on this fault block is 4000 feet (1200 m).
The uppermost portions of the tuff may have been removed by
erosion at Viecks Peak, and could possibly be represented in
outcrops down-dip to the east of the study area and in
outcrops west of the Deep Canyon fault. The upper Vicks
Peak Tuff (bottom unexposed) is overlain by the tuff of
Turkey Springs on a down-dropped fault block west of the
Deep Canyon fault in sections 6 and 7, T9S, R6W, and
sections 19, 20, 30, and 31, T8S, RéW, N.M.P.M,.

The upper tens or hundreds of feet of the Vicks Peak
Tuff present west of the Deep Canyon fault may be similar
to portions of the Vicks Peak Tuff which have been eroded
from the top of the well-exposed section near Vicks Peak.
Adding this thickness could make the maximum pre-erosional
thickness of the Vicks Peak Tuff as much as 4500 feet (1370
m) .,

The Vicks Peak Tuff thins abruptly to the southeast

across the Rock Spring fault to a thickness of about 2000
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feet (650 m). Various compositional and textural changes
in the tuff accompany the thickness decrease across this
zone. Although many of the lithologic changes in the Vicks
Peak Tuff are gradational in nature, the presence of a
laterally continuous lithic-rich horizon (northwest of the
Rock Spring fault), along with a corresponding upward
increase in phenocryst and pumice content, (in the tuff
overall) allows the tuff to be subdivided into up to three
unitsg: 1. a lower crystal-poor zone, 2. a middle lithic-

rich zone, and 3. an upper pumice and more crystal-rich
interval. Near the Rock Spring fault another unit, the
intercallated andesite sequence, is also present. Areas
east of the Rock Spring fault and in the northern part of
the map area can be divided into two units, g lower
crystal-poor unit and an upper crystal-rich unit.

Sparse lithic fragments can be found in the lower
portions of the Vicks Peak Tuff on both sides of the Rock
Spring fault, but are generally more abundant to the
northwest, A laterally continuous lithic-rich zone up to
200 feet thick is present northwest of the Rock Spring
fault. Lithic fragments become coarser and increase in
abundance as one nears the Rock Spring fault. Angular
fragments as large as 1 m in diameter are not uncommon in
the vicinity of the Rock Spring fault (between Rock Spring
and Turkey Spring) but only 2 miles to the northwest in

Shipman Canyon lithiec fragments larger than 1 inch in what



119
is interpreted as being the same stratigraphic horizon are
rare,

West of the Rock Spring fault a series of altered
andesitic flows rest above this lithic-rich‘interval.
These andesites reach a thickness of 500 feet near the
Victorio mines in section 11 T9S, R6W, N.M.P.M., and
apparently pinch out toward Shipman Canyon to the west. A
lens of andesitic material up to 10 feet thick is also
present below the well developed lithic rich zone,
Megascopically the andesites are very similar to rocks
encountered in the upper andesite member of the Rock Spring
Formation or the andesite flow member of the Rock Spring
Formation. West of the Rock Spring fault a thin
discontinuous lithic-rich interval, and glassy perlitic
horizon is present above the andesite lavas. This zone
could possibly represent a cooling break and be evidence
for a two-stage eruption of the Vicks Peak Tuff. However,
evidence for a corresponding cooling break east of the Rock
Spring fault could not be found.

Flattened pumice with well-preserved tube structures
rarely shows stretching or preferred orientations over
large areas within lower parts of the Vicks Peak Tuff
nerthwest of the Rock Spring fault. Many of the primary
features are obscured, apparently by welding and

devitrification of the Vicks Peak Tuff. Flow grooves,
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stretched gas cavities and elongated pumice are more common
within the upper parts of the Vicks Peak Tuff.

The thick lithic-rich zone, the series of andesites,
and part of the sequence of crystal-rich, columnar-jointed
and layered Vicks Peak Tuff are apparently missing from the
section southeast of the Rock Spring fault. This suggests
that_deposits produced mostly from the early and late
stages of the eruption are represented east of the Rock
Spring fault. This may also indicate that a large pro-
potion of late stage erupted material may be confined
within a deeper subsided part of the Nogal Canyon Caldera.

The lithology of the clasts in the lithic-rich
breccias exposed northwest of the Rock Spring fault are
progressively older up section. The lithic fragmentsg in
the lower portions of the interval consist primarily of
angular fragments of crystal-poor, densely welded Vicks
Peak Tuff very similar to the matrix. Apparently many of
them are derived from the altered tuff deposits found at
the base of the Vicks Peak Tuff. Many of the fragments of
the altered tuff in the lithic-rich zones show a concentric
banding. The middle portions of the interval contain a
high proportion (up to 50% locally) of angular fragments.
The upper portions of the lithic-rich zone contain angular
fragments similar to various andesitic members of the Rock
Spring Formation. This indicates a possible cauldron

collapse origin for the deposits. These breccias were
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mapped as a separate flow-unit and mark a change from a
crystal-poor and pumice-poor lithology to a more crystal-
rich and pumice-rich lithology in the Vicks Peak Tuff.

Limited exposure and extensive alluvial cover over
deposits of the upper Vicks Peak Tuff do not allow direct
measurement of the thickness west of the Deep Canvyon
fault. A relatively thick section is assumed due to the
préximity of thick Vicks Peak Tuff deposits east of the
fault in the northern part of the study area. Down-
dropping of strata west of the Deep Canyon fault in the
northwestern parts of the study area has apparently pre-

served the upper and post Vicks Peak Tuff deposits.

Alamosa Creék Rhyolite, The name given by
Maldonado (1974) is used here for flow-banded rhyolitic
lavas exposed in the southwestern part of the study area
(NW/4 of Sec. 7, T9S, R6W un-surveyed). Extensive
exposures of this or a similar rhyolite lava was mapped by
Maldonado (1974) in the southern reaches San Mateo Canyon
and along Alamosa Creek. Within the study area the upper
ctontact is erosional.

The rhyolite lavas occur as blue-gray to light gray
manganese oxide-stained cliffs and ledges on the southwest
side of San Mateo Ganyon. Flow banding is evident in many

€xposures and slit-1like vesicles lined with euhedral quartz

(locally amethystine) are common.
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Hand specimens are typically light blue-gray to
whitish and porphyritic. Phenocrysts include euhedral,
blocky and tabular, pearly chatoyant sanidine up to 1 cm
long (20%), équant, rounded, anhedral to subhedral clear
and smokey quartz up to 2 mm in diameter (10%), and sparse
biotite and pyroxene (1%). The groundmass of the rock is
light gray with patchy spherulitic, fine-grained and
aéhanitic areas containing euhedral opaque crystals, and
minute dendritic patches of manganese oxides.

The member superficially resembles the upper parts of
the Vicks Peak Tuff due to similarities in vapor phase and
devitrification mineralization, but undulatory flow-bands,
the presence of rounded quartz phenocrysts, flow grooves,
tension cracks, and localized contorted and overturned
folds (Figure 48) help identify this as a rhyolite lava.

In thin section, the rock is porphyritic with pheno-
crysts of sanidine (20%), quartz (10%), biotite (1%) and
pyroxene (1%). The groundmass is microspherulitic,
aphanitic, microcrystalline (devitrified) and sparsely
vesicular and contains radiating quartz-feldspar inter-
growths, traces of orthopyroxene, clinopyroxene, opaques,
altered biotite and clay alteration products (sericite?)
(Figure 49). Irregular, elongate, slit like vesicles are
partially filled with coarse quartz-feldspar intergrowths

or euhedral quartz crystals.
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Figure 48.

Outcrop of the Alamosa Creek Rhyolite,

looking
northwest

in San Mateo Canyon (NW/4 of the NW/4 of section

7, T9S, REW, N.M.P .M. ).
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Photomicrograph of the Alamosa Creek Rhyolite

Figure 49,

(crossed polars)
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Sanidine phenocrysts up to 5 mm long occur as single,
simple and complexly twinned, or glomerocrystic blocky to
rounded crystals. Many of the sanidines exhibit corroded,
embayed and rimmed margins, as well as replacement
perthitic textures.

Quartz crystals up to 2 mm in diameter cccur as
rounded and embayed anhedral single and polycrystalline
ﬁhenocrysts. Biotite pPhenocrysts occur as irregular

subhedral and anhedral patches up to 5 mm in size.

Air-Fall Tuff. The air-fall tuff is exposed over a
small area in the northwest part of the study area in
section 20 T8S, Ré6W, N.M.P.M., un-surveyed, The tuff
reaches a thickness of 50 feet (15 m) (bottom unexposed) on
the southeast side of San Mateo Canyon near Cookes Cabin,
apparently overlies the upper Vicks Peak Tuff, and is
overlain by the lower volcaniclastic unit,

The air-fall tuff is cliff-forming and consists of
white, light gray and light brown, poorly indurated, thinly
bedded air fall tuff. The air-fall tuff is composed of
ash-sized glass shards, subhedral and anhedral crystal
fragments, ash-sized angular to subrounded dark aphanitic
lithic fragments, pumice fragments, and volcanic dust.

In thin section, the unwelded vitroclastic nature of

the rock is well preserved (Figure 50). The rock is

composed of small pumice fragments, glassy spheres,
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shards, sanidine crystals, opaques, lithie (andesite and

latite) fragments, and quartz. Constituentsg of the rock
rfange from ash to dust-size pParticles. Glassy particles,
shards, and pumice fragments make up about 703 of the rock.

Sanidine, °Paques, and quartz make up 20% of the rock and

rock fragments make UP as much as 10% of the rock.,

Lower Volcaniclastic Unit. The lower volecani-
clastic unit ig €Xposed on the east side of San Mateo
Canyon just south of Milo Canyon. The unit lies above the
air-fall tuff and below the tuff of Turkey Springs in
section 20, T8s, Réw, N.M.P.M., un-surveyed,
clast- and matrix-supported conglomerates, with minor
altered alr-fall tuffs, volcaniclastic breccias, and mud -

stones (Figure 51). The lower volcaniclastic unit is

clastic unit.
The unit is interpreted to be locally derived alluvial

fan material (fanglomerates). Reconnaissance indicates
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Figure 51. OQutcrep of

the lower volcaniclastic unit,

looking east in San Mateo Canyon (central part of section

20, T8S, R6W, N.M.P.M.).
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Tuff of Turkey Springs. The tuff of Turkey Springs
is a multiple-flow, single cooling unit, ash-flow tuff
e¢xXxposed in the northwest part of the study area in sections
17, 18, 19, and 20 T8S, R6W, un-surveyed. Paleomagnetic
pole positions indicate that the tuff is the tuff of Turkey
Springs described by Ferguson (1986) who mapped and
described the unit in the central San Mateo Mountains.

The tuff displays lateral and vertical zonation in
color, mineralogy, thickness, and degree of welding, East
of San Mateo Canyon the tuff lies between upper and lower
volecaniclastic units and consists of an upper welded and a
lower less welded zone. West of San Mateo Canyon the tuff
cverlies the upper Vicks Peak Tuff, consists of a lower
unwelded, and an upper welded zone and is overlain by the
upper volcaniclastic unit. In the study area, upper welded
“zones are generally more quartz rich and biotite-rich than
lower parts of the tuff. Lower unwelded parts of the tuff
are generally more lithic rich with angular clasts of brown
andesite or dark rhyolite fragments (Figure 52).

Pumice content and size is wvariable in outcrop.

Pumice content ranges from a few percent to several
percent, and size ranges from a centimeter to 10 em in
length. Pumice fragments are usually flattened with length
to width ratios of up to 5 to 1 (Figure 53). Abundant
clasts of the tuff of Turkey Springs occur within the upper

volcaniclastic unit.
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Figure 52.

Outcrop of the lower unwelded part of the

tuff
of Turkey Springs on the west side of San Mateo Canyon in
the central Ppart of section 20, T8s, R6W, N.M.P.M.



Figure 53.

Outcrop of the middle part of the Turkey

Springs Tuff on the east side of San Mateo Canyon in the

central part of section 20, T8S, REW, N.M.P.M.
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The tuff of Turkey Springs is cliff or slope forming.
The lower unwelded zone is poorly-indurated and white; the
upper welded zones are well-indurated and pink. Welded
portions usually exhibit crudely to well-defined columnar
jointing. Welded Yock specimens display sub-conchoidal
fracture and shards are visible on fresh surfaces.

In thin section, the lower partially welded zone is
porphyritic with phenocrysts of sanidine, plagioclase,
quartz, and biotite. Lithie fragments welded ash-flow tuff
and pumice are surrounded by a light brown hypohyaline
groundmass with glassy and axiolitiec shards, crystal frag-
ments of sanidine and biotite, and anhedral opaque
minerals. TUpper more welded portions of the tuff are
generally more crystal rich and have proportionately more
sanidine and biotite crystal fragments.

Microscopically the welded zone is porphyritic with
phenocrysts of sanidine, quartz, biotite and plagiocclase,
and lenticular axiolitic welded pumice in a partially
devitrified groundmass of partially welded and flattened
glass shards, sanidine, quartz and biotite ¢crystal
fragments (Figure 34,

Sanidine phenocrysts make up about 6% of the rock as
simple twinned euhedral blocks and laths and subhedral and
fragmental crystals 0.5 to 1 mm in size. Some of the
sanidine crystals appear embayed or corroded and contain

Plagioclase inclusions Up to 0.5 mm long.
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Quartz phenocrysts make up about 3% of the rocks as
irregular shaped anhedral single crystals and poelycrystal-
line groups or fragments up to 1.5 mm in size. Biotite
Phenocrysts make up about_2% of the rock as euhedral to
subhedral books up to 0.5 mm long. Plagioclase phenocrysts
make up about 1% of the rock as euhedral blocks and laths
and anhedral Carlsbad and albite twinned crystals up to
0.5 mm long. Pumice makes up about 10% of the rock as
partially devitrified lenticular (partially flattened)
fragments up to 4 mnm long,

The groundmass of the rock consists of about 80s%
partially welded shards, 3% ash-sized sanidine crystals, 3%
ash-sized quartz crystals and 1s ash-sized biotite
crystals. Alignment of flattened shards and lenticular
pumice and wrapping of shards around larger crystal frag-
ments give the rock a fluidal banded appearance in thin

section,.

Upper Volcaniclastic unit. The upper
volcaniclastic unit consists of poorly to moderately well-
indurated, interbedded, conglomerates, siltstones,
mudstones and minor bentonites. These are exposed over a
small area in the northwest part of the study area in
sections 20 and 29 T8S, R6W, (un-surveyed). The unit lies
(conformably?) above the tuff of Turkey Springs, is

intruded by the Wild Horse Canyon intrusives (Ti4) and is
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overlain unconformably by the terrace gravels and alluvial
depositsg (Qtg) filling the "Alamosa graben® (east of the
Deep Canyon fault).

Abundant angular to rounded clasts of Alamosa Creek
flow-banded rhyolite UP to .2 m in diameter are scattered

throughout the unit, Horizontally continuous layers

parts of the unit inp San Mateo Canyon. Thisg helps to
distinguish the UPPer volcaniclastic unit from the lower
volcaniclastic unit and the texturally similar, but younger
overlying terrace and alluvial fan sediments (Qtg) .

In outcrop, the unit ig typically Poorly indurated and
consists of Poorly sorted interbedded conglomerates, sand -
stones, siltstones and nmudstones . Rounded to subrounded
clasts up to 1 m in diameter 6cecur in the coarser layers.
The upper volcaniclastic unit is interpreted to be locally

derived fanglomerates and terrace gravels,
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INTRUSIVE ROCKS

Several types of intrusive rocks are encountered
within the study area. Dikes, stocks and minor s111-1ike
bodies cut rocks of all ages and range in composition from
basaltic to rhyolitiec. The intrusives range from coarse-
grained Holocrystalline, through porphyritic, aplitic, and
aphanitic wvarieties. Size of individual intrusive bodies
seems to be related to the degree of crystallization
observed. In general, larger intrusive bodies are coarser
and coarse-grained toward their interiors. Several small
dikes show vertical flow banding near their margins, and
some intrusive bodies have a sheeted or concentric joint
pattern sub-parallel to their exterior boundaries.
Ferturbations of bedding and foliation attitudes in wall
rocks surrounding many of the dikes and stocks indicate
forceful intrusion.

Generally, the intrusive rocks can be divided into
five types:

Diabase stocks and dikes. These rocks are generally
dark speckled rocks and are medium-grained and holocrystal-
line in texture. The rocks consist of plagioclase, chlorite
(after biotite?), and altered pyroxemne.

Altered dark porphyritic rocks. An irregularly shaped
stock of this rock type is exposed northwest of Villa Nerce

Spring and is characterized by large blocky epidotized
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phenocrysts (after pyroxene?) in a green aphanitic ground-
mass. This stock cuts the Shipman Spring Tuff, but no
cross cutting relationship with other rocks was observed.

Porphyritic biotite-latite dikes. These rocks are
light to intermediate colored rocks with phenocrysts of
plagioclase (1-2mm), and biotite in a light brown or green
groundmass. These rocks are usually found in the Garcia
Falls andesite member as dikes up to 50 feet in width.

Fine-grained, aplitic, and sparsely porphyritic felsic
(rhyolitic) dikes and small diameter stocks. These rocks
are typically limonitic and/or pyritic with phenocrysts of
plagioclase (albite after potassium feldspar?) and rounded
quartz in a light-colored aphanitic or sugary groundmass.
Dikes range from a few inches to 50 feet thick, and stock-
like bodies reach up to 100 feet in diameter. These rocks
intrude the Vicks Peak Tuff and mafic intrusive rocks and
are unconstrained as to minimum age.

Coarse porphyritic and holocrystalline alkali rhyolite
(or granitic) stocks. These bodies, up to 1/2 mile in
diameter, are characterized by large perthitic phenocrysts
in a light colored groundmass of sanidine and dark
accessory minerals. Local zones of brecciation, silicific-
ation and limonitization are found in these intrusive
bodies. The alkali-granite stocks intrude deposits of
post-Vicks Peak Tuff age and are apparently the youngest

intrusive rocks exposed within the study area.
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For mapping purposes intrusive rocks were divided into
four categories:

Til. Mafiec intrusive rocks. Coarse-grained, porphyr-
itic, fine grained, and aphanitic varieties. Dark porphyr-
itic intrusives and diabase stocks and dikes were combined
for mapping purposes due to similarities between fine-
grained portions of the various lithologies.

Ti2. Porphyritic plagioclase-biotite (chlorite) dikes.

Ti3. Felsic fine grained and porphyritic (rhyolitic)
dikes,

Ti4. Alkalai-granite intrusives.

The sequence (Til-Ti4) may roughly coincide with the
order of intrusion. Order of intrusion is unclear for the
Intrusive bodies exposed only in the Rock Spring and Red
Rock Ranch Formations members. Figures 55 through 59
illustrate some of the intrusive rocks encountered within
the study area.

The presence of hydrothermal vent breccias, silicifi-
cation, and disseminated pyritization of wall rocks in the
vicinity of granitic stocks (Ti4) and rhyolitic dikes (Ti3)
indicate a possible relation to intrusion and
mineralization in the area. Pyritization, epidotization
and silicification locally occur where rhyolitic dikes cut
earlier mafic intrusives or flows. Epidbtization and

propylitic alteration of dikes and wall rocks is evident
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Figure 55.

Outcrop of intrusive stock (Ti-2)

in Canon De

Quirino (NE/4 of the NE/4 of section 22, T89S, R&W

b

N.M.P.M.).
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Figure 56. Intrusive (Ti-4) against the upper part of the
Shipman Spring Tuff, north of Villa Nerce S$Spring, looking

north, in the SE/4 of section 15, T9S, R6W, N.M.P.M.



Figure 57.

flows,

looking east

part of section 27,

Dike (Ti-1) in Garcia Falls andesite member

toward Canon De Quirino in the north

T9S, R6W, N.M.P.M.
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Figure 58. Limonitic rhyolite dike (Ti-3) cutting dark
intrusive (Ti-Z) in Canon De Quirino in the SW/4 of the

NE/4 of section 22, T9S, RE6W, N.M.P.M,
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where intermediate and mafic intrusives cut lavas of the
Red Rock Ranch Formati;n and Rock Spring Formation,.
Propylitic alteration of andesite flows and ash-flow

tuffs is widespread where an intrusive complex is localized

Terrace Gravels and Fanglomerates. The terrace
gravels and fanglomerates consist of coalescing alluvial
fan deposits and associated valley terrace depesits. The
sediments are exposed extensively in the southwest part of
the study area between the western front of the San Mateo
Mountains and Alamosa Creek. Small isolated outcrops can
also be found along some of the major canyons cut into the
pedimented bedrock surfaces on the west slope of the
mountain range. The total thickness of the sediments west
of the Deep Canyon fault is unknown but over 500 feet of
relief are expressed in Garcia Falls Canyon in the southern
part of the study area. Outcrops of Vicks Peak Tuff are
¢xposed in arroyos cut into the terrace gravels in the
north part of the study area. This indicates a thinning of
the terrace gravels to the northwest. The thickest
deposits are probably west of the Deep Canyon'fault in the
southwest part of the study area.

The rocks consist of unconsolidated, interbedded, and
poorly sorted, conglomerates, siltstones and mudstones.

(Figures 60 and 61). Cobble and boulder sized clasts
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Figure 61. Outcrops of alluvial fan deposits (Qtg) in
cut along the Burma Road near the northwest corner of

section 33, T9S, R6W, N.M.P .M.

road
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within the upper parts of the unit are apparently derived
frem high relief areas east of the Deep Canyon fault.

The lithol;é}es of the clasts observed coinecide with
the lithologies of the volcanic members east of the Deep
Canyon fault. Clasts of Vicks Peak Tuff and post Vicks
Peak Tuff rocks predominate in the northern exposures,
whereas, clasts of older rocks (Red Rock Ranch Formation
and Rock Spring Formation) predominate in the deposits
south of Shipman Canyon. Proximal fan facies are more
common in the northern parts of the study area.
Intermediate or distal type fan deposits seem to be
confined to deposits west of the Deep Canyon fault in the

southern part of the study area, This may be in part due

to depth of €Xposure in the southern area.

Quaternary Alluvium. The Quaternary Alluviunm
consists of locally derived, poorly sorted, channel lag,
peint bar and alluvial Plain sediments. The deposits are
eXposed in canyon bottoms, streams and arroyos.,

Degree of sorting is somewhat dependent on local rock
types, Where deposits consist of reworked terrace gravels,
degree of sorting generally increases. Boulders several
meters in diameter are encountered where streams are cut

Into bedrock.
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Talus, Landslide and Debris Deposits. Locally
derived landslide and talus deposits occur near and beloyw
erosional Scarps,.along sides of steep canyons, and in high

relief areas. The deposits consist Primarily of angular
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Figure 62. Talus deposits (Qt) on the west side of Shipman

Canyon in the western half of section 3, T9S, R6W, N.M.P.M.
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GEOPHYSICS, REMOTE SENSING AND AERIAL PHOTOGRAPHY

Characterization of lithologic units, and location of
large scale struptural trends, and areas of limonitic
staining was atteﬁpted using U.S.F.S natural color aerial
photographs (1:15840 scale), N.H.A.P. color infrared
(1:58000 scale), black and white (1:80000 scale) photo-
graphs, and digitized Landsat MSS imagery using bands 4, 5,
6 and 7, from portions of scene #2276-17025
(Oct. 25,1975). MSS bands 4, 5, 6, and 7 image the
0.5-0.6 um, 0.6-0.7 am, 0.7-0.8 “am, and 0.8-1.1 .um
wavelength regions of the electromagnetic spectrum. The
linear resolution for the Landsat MSS data after digital
enhandément and geometric corrections is approximately 65
meters.

Residual total intensity aeromagnetic maps (N.U.R.E
1983) and bouger anomaly gravity maps (Keller 1983) were
compared with structural, geologic and remote sensing data
to determine if any structural or geologic features
observed during the field study may have corresponding
geophysical or geo-optical signatures associated with
them. Aeromagnetic and gravity maps at 1:100000 scale are

Presented in Figures 63 and 64 respectively for comparison

with the generalized geologic maps and remote sensing data.
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Figure 63,

Residual total field aeromagnetic map of the

study area. Scale = 1:100000, contour interval = 20 gamnas

(nT), flight line altitude = 400 feet. From Tularosa

Quadrangle; Residual Intensity Magnetic Anomaly Map. (D.O.E

Open FIle Map number GIM-403) .
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Figure 64. Bouger gravity anomaly map of the study area.

Scale = 1:100000, contour interval = 2 milligals., From

Keller, 1983y,
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False color Landsat MSS images and N.H.A.P color
infrared Photographs proved to be most useful in de -
lineating major fault zones and in some cases defining
contacts between different rock types. Characterization of
rock types and the textural and color differences
associated with them was best accomplished using natural
color aerial photography.

Detection of limonitic areas using computerized en-
hancement techniques designed to highlight areas of iron
cxide-hydroxide staining and to subdue effects of
vegetative cover using digitized Landsat MSS data was
attempted. The digital enhancement techniques used take
advantage of the presence of absorption bands located near
the 0.65/Qm, and between the 0.85jmm and O.QS’Am regions in
the ferriec iron reflectance spectrum, and subdue the
effects of high reflectance of vegetation in the 0.7 to
1.3 um portion of the spectrum. The absorption bands for

ferric iron fall in Landsat bands 5 and 6, while the high

e R

reflectance band for vegetation falls in MSS bands 6 and

/. The enhancement technique uses ratios of various

p———

Landsat MSS bands to separate limonitic rocks, non-

limonitic rocks, and vegetation, enabling classification of
a multispectral image into the Fespective categories.

Using ratios of the intensity from the variousg bands
instead of using absolute brightness levels in the

enhancement technique also helps subdue the effects of
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shadowing or irregular illumination of the area imaged by
the multi-spectral scanner. A complete discussion of the
data acquisition and ratioing technique is given by Segal
(1983), and Conradson and Harpoth (1985),

Prior to enhancement, the Landsat image was geometric-
aily corrected to facilitate accurate reproduction at
various scales so that any limonitic zones could be
compared with existing geophysical data and geologic data
gathered in the field. Geometric corrections and
processing of digitized data were done on a Vax??? and a
R.I.P.S5 (Remote Image Processing System) using data and
software provided by the Eros Data Center and the
Technology Application Center, Albuquerque, New Mexico.

Figure 65 shows a false color reproduction of part of
Landsat scene # 2276-1702% (10-25-75) using band 4 as blue,
band 5 as green, and band 7 as red. The study area and the
region of the Landsat scene used for digital enhancement
are also shown in Figure 65.

Figure 66 is a false-color enlargement of part of the
field area and the region used for digital enhancement and
band ratioing. Figure 67 is a color ratio composite using
the ratios band4/band5 as blue, band5/band7 as green, and
bandé/band7 as red.

The color ratio composite is included here because the

general physiographic features of the area can be
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Filgure 65. False color Landsat MSS image of the Southern

San Mateo Mountains. Band 4 = blue, RPand 5 = green, Band 7

= red,
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Figure 64 Ernlargement 0f the area in Figure ¢5 Used for
image enhancement
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recognized and the ratioing technique crudely shows areas
of limonitic staining and areas of dense vegetation.
Bright areas represent limonitic terrain, dark areas
represent non-limonitic and heavily vegetated terrain.

The Eandé/bandS ratio highlights green copper
minerals, the band5/band7 ratio subdues vegetation and
highlights red iron oxides, and the bandé6/band7 ratio
subdues vegetation and highlights yellow iron
oxides/hydroxides. Blue and dark areas in the scene
represent areas of dense végetation, lighter areas and
crange areas represent areas of limonitic staining.

Figure 68 is a 1:100000 scale generalized geologic map
of the area covered in Figure 66. Figure 69 is a 1:100000
scale printout of the area in Figure 68 after digital
enhancement to emphasize areas of limonitic staining.

The lighter areas represent areas of most intense iron
oxide-hydroxide staining as categorized by the Landsat band
ratioing technique. Dark areas represent highly vegetated
terrain and non limonitic areas.

The enhancement of Landsat images was done to see if
previously undetected mineralized or altered zones could be
located. Enhancement techniques used to detect limonitic
rocks in digitized Landsat scenes (using bands 4,5,6, and
7), apparently could not distinguish some limonitic
mineralized (Au/Ag) areas and non mineralized areas in iron

oxide stained tuffs (apparently a common problem using
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Landsat MSS data due to its limited spectral resolution)
(Abrams (1980). However, limonite signatures were more
intense in some mineralized areas and the technique is
useful if the stratigraphy of the area imaged is known.
Known mineralized areas within more mafic rock units eluded
detection in most cases or showed weak signatures over
small areas using standard enhancement techniques on
Landsat MSS data. This may be due partially to the
widespread propylitization and pyritization observed in the
field throughout the stratigraphically low members of the

Rock Spring Formation and the Red Rock Ranch Formation.
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STRUCTURE AND REGIONAL GEOLOGY

The San Mateo Mountains lie in the northeast part of
the Mogollon-Datil volcanic field near the boundary between
the southeast part of the Colorado Plateau structural
Province and the Rio Crande Depression (Engle and San
Marecial Basins) (Figure 790. Chapin et, al. 1978). The San
Mateo Mountains are a northwest-southeast trending block-
faulted uplift lying between the Mulligan Gulch Graben to
the northeast and the Alamosa Graben to the southwest
(Figure 70). The bedrock generally dips gently to the east
Or northeast within the mountain range and is almost
eéntirely composed of Oligocene volcanic and volcaniclastic
rocks. More recent fanglomerates and locally derived
sedimentary rocks surround the high elevation areas and

talus deposits form in areas of high relierf.

cene volcanic rocks (Atwood 1982) indicate that at least
parts of the area were structurally and topographically
high prior to or during the Oligocene. Cather (1983)
Suggests an extensive Eocene (Laramide) uplift (Sierra
Uplift) in the ares beneath the San Mateo Mountains and the
southwest part of New Mexico, Chapin and Cather (1981)
have suggested north-northeastward movement of the Colorado

Plateau in the Eocene resulting in a series of en-echelon
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uplifts (including the Sierra Uplift) and basins (including
the Engle Basin).

In the southern part of the San Mateo range, Oligocene
volcanic rocks lie directly above Pennsylvanian Magdalena
Group or Permian Abo Formation rocks (Farkas 1969). bDpri1i
hole data from areas near the range indicate that sz large
sedimentary basin existed beneath the area during Penn-
sylvanian time (Kottlowski 1965) .

Lake sediments overlying volcaniclastic units are
present in the lower or middle portions of the Red Rock
Ranch Formation. Thisg Suggests the presence of depressions
or basins in the teglon during the Oligocene, prior to
deposition of the late Red Rock Ranch Formation lavas.

Two periods of faulting are apparent in the study
area. Early volcano-tectoniec Structures and later
extensional faulting. The Rock Spring fault and Priest
Mine fault are apparently related to the formation of the
Nogal Canyon Caldera. The Deep Canyon fault is anﬂ
extensional basin and range type fault. Changes in
thickness of several of the rock-stratigraphic units across
the Rock Spring fault may indicate repeated movement along
this fault and possibly with reversals of direction of
movement at various periods. Several Rock Spring
Formation members change thickness across the Rock Spring
fault. The Priest Mine andesite thickens to the east

across the fault. The Shipman Spring tuff thinsg to the
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€ast across the fault, The Hump Mountain member thickens
to the east across the Rock Spring fault, These
relationships may suggest repeated movement along the Rock

b
Spring fault. Thickness changes of the marker horizons and
intervening units make displacement Measurements
approximate for most faults or fault Zones exposed in pre-
Vicks Peak Tuff deposits. The last Rajor movement along
the Rock Spring fault was apparently related to volcano-
tectonic activity associated with the eruption of the Vicks
Peak Tuff. The last gpparent displacement along the Rock
Spring fault was down to the northwest displacing the lower
contact of the Vicks Peak tuff anp estimated 500 ft, but
this may be mis-leading as to the most recent movement
along this fault. The greater thickness of the Vicks Peak
tuff northwest of the Rock Spring fault, and the height at
which the deposits rest may indicate that the latest
wovement may have been up to the northwest, not quite
taking out the down to the northwest movement that may have
cccurred during collapse of the area during the Vicks Peak

tuff eruption.

down to west. These faults are later than much of the post
Rock Spring Formation deposits, and cut earlier volcano-

tectonic structures and éxtensional faulted zZones, The
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Deep Canyon fault, thought to be the youngest major
extensional fault within the study area, is related to the
formation of the Alamosa Graben to the west. The Deep
Canyon fault cuts earlier faults that juxtapose Red Rock
Ranch deposits and Rock Spring deposits in the southern
part of the study area and displace the upper Vicks Peak
Tuff against the lower Vicks Peak Tuff and underlying Rock
Spring Formation deposits in the northern part of the map
area.

The Stratigraphic separation on the Deep Canyon fault
in the northern pa;t of the map area is estimated to be up
to 4000 feet (1300 m). The displacement in the southern
part of the study area could not be estimated with any
degree of confidence due to extensive alluvial deposits.
However, small iscolated outcrops of altered moderately
crystal-rich tuff (interpreted to be upper Vicks Peak tuff
deposits) are found west of the fault near the Burma Road.
If these are upper Vicks Peak Tuff the displacement may be
greater in this area than to the north.

Isolated terrace deposits in high elevation areas
indicate that alluvial fan material may have covered much
of the pedimented bedrock within the mapped area at one
time. Some movement along the Deep Canyon fault has
occurred after deposition of the alluvial fan sediments
because gouge zones Séparate Garcia Falls andesite and fan

sediments (Figure /1) . Evidence for the Deep Canyon fault
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cutting alluvial sediments can also be found near the Burma

cad where fault gouge material occurs in the alluvial

deposits.
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ECONOMIC GEOLOGY

Production of metals or mining of valuable minerals in
the San Mateo Mountains has historically maintained a low
level since gold was discovered by "modern" pProspectors in
1883. Production of gold and silver ore has been reported
from the San Jose Mining District west of the study area.
Three historically relevant mining areas lie within the
study area. These are the Nigger Diggins (hereafter
referred to as the Diggins), the Victorio Mines and the
Priest mine. No production data from mines in the mapped
aréa was available. Descriptions of mining localities in
the San Mateo Mountains have been given by Gordon (1910,
Lasky (1932), Metzger (1938), Johnson (1972), and North
(1983) . Mineral investigations have been done by Griffits
et al (1971), Neubert (1983), Foruria (1985), and Cox
(1886 .

Various prospect Pits and minor workings can be
found scattered throughout the study area fringing the
known mining areas. Disseminated mineralization and
alteration are evident in many areas, mainly concentrated
along fault traces, along boundaries between rock types of
differing permeability near fault zones, and around and
within intrusive bodies and associated hydrothermal
breccias, Although no clear evidence of order of intrusive

activity as related to mineralization has been established,
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a spatial relationship between the location of intrusive
activity and mineralization seems apparent in the study
area. The intrusive boundaries and surrounding fracture
zones may have served as a plumbing system for mineralizing
fluids.

The "major" workings within the study area lie on or
near major fault zones, or near intrusive bodies. The
Victorio mines are near the Roek Spring fault, above the
lithic rich and andesite interval of the Vicks Peak Tuff,
and near an eroded stock. The workings at the Diggins are
along fault zones, stratigraphic contacts and intrusive
contacts. The Priest Mine lies on the Priest Mine fault
zast of the intrusive complex at the Diggins.

Mineralized areas show a variety of alteration styles,
including kaolinitization, pyritization, silicification,
chloritization, albitization?, potassic alteration, and
zeolitization (and combinations thereof) . Oxidation of
sulfide minerals is evident locally as limonite stainings
along joints and partial replacements of pyrite by
limonite.

Many of the rocks obtained from mineralized locations
within the study area contain anomalous concentrations of
precious and base metals. Some samples could be considered
"ore grade" under ideal mining conditions. A list of the

assays and sampling locations is presented in Table 3.
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The Priest Mine fault zone consists of altered fault
gouge material near the surface and vein In-fillings of
chrysocolla, malachite, azurite, and unidentified black
silver minerals, with varying amounts of anglesite,
cerussite and galena, Upper parts of exposed vein rocks
show effects of oxidation and intense weathering and/or
alteration.

Mineralized areas near the "Diggins" are very similar
mineralogically to the Priest Mine area, but show evidence
of stratigraphic control, and Proximity to intrusive bodies
in addition to fault control. Sparse hydrothermal
brecciation and amethystine quartz veins are also found at
various brospects in the area. Pyritization of wall rocks
and intrusive bodies is also evident near mineralized veinsg
around the Diggins. X-ray diffraction analyses of sample
ND-1-B indicate the presence of quartz, calcite, potassium
feldspar, Plagioclase, illite or sericite, Serpentine group
minerals, kaolinite, galena, chalcopyrite, cuprite and
argentite., The sample was taken from the dump near a shaft
2000 feet northeast of Villa Nerce Spring. The sample
consisted of altered and, copper oxide-hydroxide stained

andesite chips,
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DISCUSSION

Many of the volcanic deposits within the study area
have characteristics similar to those of other volcanic
centers described in the literature. Megacrystic flows of
the Luna Peak andesite resemble pre-collapse rhomb-porphyry
lavas described from alkaline volcanic complexes and
calderas in the Oslo Rift region of Norway. In many
Norwegian complexes, the large rhomb-shaped phenocrysts are
calcic plagioclase rimmed by albite or potassium feldspar.
Due to the alteration of the upper flows of the Luna Peak
andesite it is not possible to determine if these rocks
contained similar feldspars or were similar chemically to
the rhomb porphyries of Norway or similar alkaline
complexes. Altered rims surround many of the plagioclase
megacrysts in the Luna Peak andesite. These rims
conceivably were alkali-feldspar which altered more readily
than plagioclase. 1If so, this suggests that the Luna Peak
andesites may have had similar petrographic characteristics
to voluminous lavas which predate major collapse in some
alkaline caldera complexes.

A long lived intrusive center seems to be localized
along the Rock Spring fault zone. Dome structures, and
volcanic vents for some of the Rock Spring Formation

flows are also localized along the fault. The similarities
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of composition of intrusives with lavas indicates a
possible genetic relationship between the rocks.

Many previously undocumented features of the Vicks
Peak Tuff have been described. These include lithic-rich
zones (mesobreccias) and andesite lavas within the Vicks
Peak Tuff. Lithic fragments within the lithic-rich part of
the Vicks Peak Tuff are progressively older higher in the
unit. This relationship is consistent with deposition
during progressive collapse of a caldera. Lithic fragments
were apparently dérived from progressively lower
stratigraphic units on the caldera wall and incérporated
into the cauldron fill deposits during eruption and
synchronous collapse. This suggests strongly that the Rock
Spring fault zone is a strand of the Nogal Canyon Cauldron
structural margin. The small size (typically less than
10 cm) of the lithic fragments and the lack of internal
stratification of the lithic-rich interval supports a
caldera-collapse origin for the deposits (Lipman 1976,
Walker, 1985). The angularity of the fragments of lower
Vicks Peak Tuff within the lithic-rich interval indicate
that welding and consolidation of the Vicks Peak Tuff had
begun prior to caldera collapse.

The presence of intercalated andesite flows in the
middle portion of the Vicks Peak Tuff west of the Rock
Spring fault could be interpreted as evidence for a two-

stage eruption consistent with a model proposed by Druitt
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and Sparks (1984). Their model proposes that an initial
voluminous eruption is followed by caldera collapse, and
this is in turn followed by another energetic, voluminous
ash-flow eruption. The andesites within the Vicks Peak
Tuff may have been deposited as lava flows during a hiatus
in the Vicks Peak Tuff eruption cycle. Alternately, this
series of andesitic flow rocks could represent a large,
lenticular, cohesive slab of Rock Spring Formation rocks
that slid into a caldera during collapse (Bob Osburn
Pers. comm.).

The presence of lithie fragments within the lower
parts of the Vicks Peak Tuff have not been described
previously. Lithic fragments encountered in the lower
densely welded crystal-poor portions of the Vicks Peak Tuff
are commonly of andesitic composition (similar to andesites
of the Rock Spring and Red Rock Ranch Formations) and may
have been ejected from the vent(s) during the eruptions of
the Vicks Peak Tuff. Many of the larger clasts are
somewhat rounded. Alternately they may be derived from a
caldera wall. Walnut sized spherulites surround many of
the smaller lithic fragments encountered in the lower
welded parts of the Vicks Peak Tuff. The thick deposits
northwest of the Rock Spring fault are obviously cauldron
fill, whereas the thinner deposits southeast of the fault

may be interpreted as Proximal outflow deposits or as




176
deposits filling a shallower part of the Nogal Canyon
Caldera.

The occurrence of hydrothermal wvent breccias and
hydrothermal alteration in the Vicks Peak tuff is
apparently spatially related to the location of the alkali-
granite intrusives (Ti4) and some of the smaller fine-
grained rhyolitic intrusives bodies (T13). Pyritic and
propylitic alteration of early intrusive bodies and
volcanic rocks seems to be spatially related to locations
of early and late-stage fine-grained and porphyritic

intrusive bodies.
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CONCLUSIONS

<
i

Many of the goals set out in the beginning of the
project have been accomplished. The probable source region
for the Vicks Peak Tuff has been established and one
cauldron related structure clearly documented.

A general understanding of the volcanic stratigraphy
and tectonics have been established for the field area.
Bracketing of the various rock-stratigraphic units within
the paleomagnetic reversal time frame allowed a greater
degree of confidence in correlating volcanic units (data
courtesy Bill McIntosh). Vent locations for some of the
pre-Vicks Peak Tuff units have been located. Possible
ring-fracture intrusive rocks related to the Nogal Canyon
Caldera and post-Vicks Peak Tuff intrusive bodies have been
delineated.

A volumetric preponderance of lava flows over volcani-
clastic sedimentary rocks and complex interfingering re-
lationships of volcanic rocks in the study area probably
indicate that the southern San Mateo Mountains were a site
of continued and prolonged volcanic activity prior to the

eruption of the Vicks Peak Tuff.
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FURTHER RESEARCH

Further subdivisions and petrographic studies of the
Red Rock Ranch and Rock Spring Formation members and the
Vicks Peak Tuff are Possible and might expand on ideas set
forth in this study. Detailed paleomagnetic studies of the
volecanic rocks might make age correlations with rock suites
in surrounding areas possible.

Detailed mapping of the shale horizons and underlying
volcaniclastic rocks of the Red Rock Ranch Formation may be
able to delineate ancient shorelines or indicate transport
directions for sedimentary units. Extensive exposures of
the Red Rock Ranch Formation exist south and southeast of
the study area.

A diversity of rock types and intrusive bodies is
found within the study area, as well as alteration and
mineralization styles. This, combined with deep erosion of
the area might make some areas good places for alteration
studies.

Geochemical and petrographic studies of the intrusive
bodies and volcaniec units in the study area may determine
if any genetic relationship exists between them. Further
field investigations may also be able to establish better
age relationships for the various intrusives and

mineralization episodes.
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Mapping of the high country north of the study area
may establish the area of thick Vicks Peak Tuff, lithie-
rich breccias and andesite units. Some well exposed,
complete sections of relatively unaltered Vicks Peak tuff
may exist north and northwest of the area and geochemical
studies may be suitable. If the Rock Spring fault is a
ring fracture of the Nogal Canyon Caldera, then a
corresponding northwest boundary might be expected.

Reconnaissance indicates that post Vicks Peak Tuff
deposits may thicken northwest of the study area. The
lower volcaniclastic unit may represent Nogal Canyon
Cauldron fill or moat fill deposits or be related to other
volcanic or tectonic features. Circular features
observable on Landsat images northwest of the study area
might be interesting targets for future mapping investi-
gations. The general eastward dip of the volcanic units in
the mountain range should make the west face a good

location for deep exposure of rock units.

3
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Appendix 1
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Appendix 1 continued
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