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Geologic 8Setting

The Grassy Lookout quadrangle encompasses a large part of
the north-central San Mateo Mountains, a north-trending basin
and range uplift on the west side of the Rio Grande Rift, near
Socorro, New Mexico (Figure 1). The quadrangle is dominated,
topographically, by the range's northern ridge crest between
Mt. Withington (north end) and Grassy Lookout (south end). It
is located entirely within Cibola National Forest, and most of
the Mt. Withington Wilderness Area is contained within the
northeast part of the quadrangle.

The Grassy .Lookout Quadrangle is underlain by mid to late
Oligocene silicic ash-flow tuffs of the northeast
Mogollon-Datil volcanie field. Very little is known about the
pre-0ligocene history of the area. The Mt. Withington Cauldron
{Deal, 1973; and Deal and Rhodes, 1976) underlies most of the
quadrangle, and is the source of the second voungest major
regional ash-flow tuff unit (South Canyon Tuff (27.3 Ma,
McIntosh, 1989a)) in the Socorro area.

The geologic history of the area can be divided into three
parts: 1) late Oligocene formation of the Mt. Withington
Cauldron; 2) a late Oligocene episode of thin-skinned style
extension within the cauldron; 3) a Miocene through present
phase of thick-skinned basin and range stvle extension that is
responsible, to a large degree, for the area's present

geomorphology.
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Figure 1. Location of the Grassy Lookout quadrangle (outlined
by thick line) in the northern San Mateo Mountains. The Mt.
Withington Cauldron margin is indicated by the thick barbed
line. The solid double line is the Socorro Accommodation Zone
Inmportant structural features of the northern San Mateo
Mountains are also shown. The east-side-down and
south-side-down normal faults combine with a pair of
southwest-stepping en echelon anticlines to define a
north-trending antiformal tilt-domain boundary along the west
edge of the map area. A possible southward continuation of

this boundary is shown (from unpublished mapping by Cox and
Hermann).
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Stratigraphy
Pre-cauldron units
The oldest rocks exposed in the Grassy Lookout guadrangle
are only slightly older than the Mt. Withington Cauldron. These

are outflow sheets of three major rhyolite ash-flow tuffs that

were erupted from nearby cauldrons. From oldest to youngest



these are: La Jencia Tuff (28.3 Ma); Vicks Peak Tuff (28.5 Ma);
and Lemitar Tuff (27.9 Ma)}. The 4%2Ar/3%9Ar ages quoted here are
from Bill McIntosgsh's geochronologic and paleomagnetic studies
of the Mogollon-Datil volcanic field (198%a; 198%b). There is
also a widespread sequence of rhvolite lavas that occur bhetween
the Vicks Peak and Lemitar Tuffs throughout the northern San

Mateo Mcountains.
La Jencia Tuff

The La Jencia tuff (T3j, Plate 1) is a crystal-poor (1-7%
phenocrysts) sanidine bearing flow-banded rhyolite ash-flow
tuff. It is at least 250 meters thick where it is exposed in
the southeast corner of the quadrangle, and the flow-banding
consistently trends E-W. The source of the La Jencia Tuff is
the cqmposite Sawmill Canvon - Magdalena Cauldron (Osburn and

Chapin, 1983) in the northern Magdalena Mountains.

Vicks Peak Tuff

The Vicks Peak Tuff (Tvp, Plate 1) is a crysgtal-poor
(0-3%) rhyolite ash-flow tuff with phenocrysts of sanidine and
rare clinopyroxene. It is either very thin (<120 m) or absent
where it's stratigraphic interval is exposed in the southeast
corner of the Grassy Lookout quadrangle. To the south and sast
(Blue Mountain and San Juan Peak 7.5' quadrangles), it thickens
dramatically (to at least 300 meters) across a south-facing

scarp that trends nearly east-west along East Red Canvon



(Ferguson (1986). The Vicks Peak thickens across at least one
more similar feature farther south (Mike Hermann, personal
communication). South-side-down motion on these structures was
probably related to formation of the Nogal Canvon Cauldron in
the southern San Matec Mountains, the source of the Vicks Peak

Tuff.

Rhyvolite lavas

Rhyolite lavas are present throughout the Grassy Lookout
guadrangle below the Lemitar Tuff, but never with any lower age
constraint. These lavas (Tri, Plate 1) are correlated
chronclogically with a dome and flow that occurs between Vicks
Peak and Lemitar fuffs just south of the quadrangle (Drift
Fence dome; Ferguson, 1986). Rhyolite lavas of this age are
widegspread and voluminous throughout the central and northern
San Mateo Mountains, and a sgsimilar sequence, occupving the same
stratigraphic position, is found in the northern Black Range.
The area of this rhyolite lava field is conservatively
estimated at about 1,500 mi2 (4,000 km2), and probably
represents a volume of between 100 and 400 km®. This
represents a very short-lived (600,000 year, McIntosh, 1989a)
phase of rhvolitic volcanism of caldera-like magmatic volume

and dimensions without any significant pyroc¢lastic products.



Lemitar Tuff

Ihe Lemitar Tuff is a crystal-rich (10-35% phenocrysts)
reddish gquartz-feldspar-biotite bearing rhyolite ash-flow tuff.
Its source caldera has not vet been located, but is thought to
be in the south-central Magdalena Mountaing. The Lemitar is
relatively thick (120 meters) in the southeast corner of the
Grassy Lookout quadrangle, but it thins to a feather edge
westward and neorthward until pinches out altogether in the
Grassy Lookout and Big Rosa Canyon areas. At its distal
fringe, the Lemitar is a fairly crystal-poor (5-10%
phenocrysts) pinkish tuff, but even where it is less than 2

meters thick it is still densely welded.

South Canyon Tuff

The Mt. Withington Cauldron is the source of the (27.3 Ma,
McIntosh, 198%a) South Canyon Tuff, a moderately crystal-rich
quartz~-feldspar bearing sometimes flow-banded rhyolite ash~flow
tuff.

Nine mappable units were recognized in the Grassy Lookout
guadrangle of the South Canyon Tuff: two basal units; two
localized lithic breccia units; and five vertical zonations of
the main caldera-fill, four of which are volumetrically

significant.



Basal units

Throughout the Mt. Withington Cauldron, the base of the
South Canyon Tuff is a crystal-poor (0-5% phenocrysts) dark
reddish-brown or black vitrophyre. It ranges in thickness from
2~-60 meters and tends to be thickest and darker toward the
thickest part of the caldera-~fill. The basal vitrophyre is
mapped as Tscv on Plate 1.

Along the southeastern cauldron margin, where caldera-fill
igs thin, the welded base of the South Canyon Tuff is only
slightly glassy, and it rests on a 0 to 30 meter thick sequence
of thin to medium-bedded unwelded tuff (plinians and lithic
ash-flow tuffs) and minor volcaniclastic sandstone. These
strata, confined to the North Canyon area along the sast edge

of the map area, are mapped collectively as Tscu on Plate 1.

Cauldron-filling units

The northern part of the Grassy Lookout gquadrangle is
underlain by a 2 km thick sequence of intracauldron South
Canyon Tuff. In the thickest part of the cauldron, three
distinct zones within the South Canyon Tuff (herein called the
lower, middle, and upper) were recognized. The =zonations are
defined primarily on the basis of phenocryvst abundances, and
also because they are usually separated by lithic-rich
intervals (Figure 2).

The zones described below are defined only within the

thickest part of the cauldron-fill, and do not necessarily
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Figure 2. Generalized stratigraphic section of the thickest
part of intracauldron South Canyon Tuff. The unit shown with
closely spaced diagonal lines represents a basal vitrophyre.
Two lithic-rich intervals are depicted which divide the section
into three zones (lower, middle, and upper)} discussed in the
text.



correspond to zonal variationg of the South Canyon Tuff near
the southeastern cauldron margin or in the outflow sheet, where

it is significantly thinner.
Lower zone of the South Canvon Tuff

Most of the lower zone of the South Canyon Tuff (Tscl,
Plate 1) is apparently confined to within the cauldron. It is
at least 1 km thick in the northern part of the Grassy Lookout
quadrangle. The lower zone is a light gray quartz and sanidine
bearing c¢rystal-poor flow-banded rhyolite ash-flow tuff. The
lower zone correlates directly with Deal's (1973) A-L Peak
Tuff. The A-I Peak Tuff was originally correlated with a
texturally similar widespread outflow sheet, but later proven
to be an older unit, the La Jencia Tuff, on the basis of
mineralogic (Osburn and Chapin, 1983}, stratigraphic (Ferguson,
1986), and paleomagnetic/geochronologic (McIntosh and others,

1986) evidence.
Middle zone of the South Canyon Tuff

The middle zone of the South Canyon Tuff (Tsc3, Plate 1)
ig bounded above and below by lithic-rich intervalg. The lower
lithic-rich interval is mapped separately as TscZ2 on Plate 1.
The middle zone is light gray, commonly flow-banded, and
vertically zoned upward from 10-15% to 20-25% phenocrysts.
Phenocryst phases are dominated by subegual amounts of quartz

and sanidine. Other phases include minor amounts of
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plagioclase, and biotite, and traces of opaque minerals and
sphene (Ferguson, 1986). The middle zone is at least 1 km
thick in the northern part of the quadrangle, and correlates
with most of Deal's (1973) Potato Canyon Tuff, within the Mt.
Withington Cauldron. 8Strata mapped by Deal (1973} as Potato
Canyon Tuff outside the cauldron have since been shown to be a
variety of Qutflow sheets older th;n and including the South

Canyon Tuff (Ferguson, 1986, p. 92).
Upper zone of the South Canyon Tuff

The upper zone of the Scuth Canvon Tuff (Tsc4, Plate 1)
appears to be confined to within the cauldron. It
gradationally overlies the middle =zone, but to the northwest,
it is separated by a lithic-rich interval gimilar to the one at
the base of the middle zone. The upper zone is characterized
by high phenocryst abundances (»25% and up to 35%), and a dark
reddish-brown color. Where its top and bottom is exposed, it
is at least 300-500 meters thickf but it is not always present,
particularly in the southern part of the cauldron. From
petrographic work_by Ferguson (1986), the zone is dominated by
subegual proportions of quartz and sanidine, between 1% and 5%
plagioclase, minor biotite, and traces of sphene and opague
minerals. Plagioclase typically contains glass inclusions and
is commonly rimmed by sanidine growths. The upper zone is
unigue in that it contains at least two types of pumice
fragments: small (<5 cm) white fragments dominate, and rarer

large (>10 cm) dark grav-purple fragments which appear to be
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more intermediate in composition. In the northeast corner of
the guadrangle, exposures of the upper zone are capped by a
medium gray moderately crystal-rich (15-20%) feldspar bearing
tuff with little or no guartz phenocryvsts {Osburn, personal
communication). This unit, only exposed in the northeast

corner, is mapped separately as Tsch on Plate 1.

Lithic~rich intervals in the Scguth Canvon Tuff

Within the thickest part of the cauldron f£ill, two
laterélly continuéus lithic-rich intervals between 50 and 300
meters thick are recognized. The lower is mapped separately
(Tscd, Plate 1), but the upper one is included as part of the
basal upper zone of the South Canyon Tuff. The lithic
intervals are characterized by a deep reddish-brown cclor,
general lack of eutaxitic foliation, and usually low phenocryst
abundances. The low phenocryst content probably reflects
dilution by the lithic material and (although densely welded)
decreased compaction relative to adjacent zones. Lithics
consist of volcanic clasts up to 30 cm in diameter (silicic and
andesitic lava lithologies dominate) which comprise 5% to 30%
of the tuff. The intervals are generally thickest and have
higher lithic concentrations towards the northwest corner of
the quadrangle,

Towards the southeast margin of the Mt. Withington
Cauldron, the South Canvon Tuff decreases in thickness, and the
definition of its tripartite stratigraphic zonal variations

diminishes until the sequence appears as one continuous zone.
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The South Canyon Tuff in these areas was not differentiated
(mapped as Ts¢ on Plate 1). Lithie-rich intervals near the
southeast cauldron margin, occur as discontinuous lenses with
poorly-welded to unwelded matrix, and are characterized by
lithic abundances up to and greater than 50%, larger maximum
fragment sizes (up to Z meters), and in some cases
clast-supported fabrics. The lens-shaped bodies (mapped as
Tscbh, Plate 1) occur vertically throughout the tuff, but only
within 1 to 2 km of the cauldron margin. The clast-supported
varieties (which are also the coarsest) were interpreted by
Ferguson (1986) as co-ignimbrite lag-fall breccias, and
following the original definition by Wright and ngker (1978),
are thought to have been deposited from nearby collapsing
eruption column(s). The source vent(s) were probably sealed
during or slightly after caldera formation by rhyeolitic
intrusions along the southeast cauldron margin.

Another type of lithic breccia (mapped as Tscbv, Plate 1)
igs found within uﬁdifferentiated South Canyon Tuff along' the
southwest edge of the map area. Coarse lithic breccias (with
clasts up to 50 cm), some of which are nearly clast-supported
{30-60% clasts), are contained within moderately crystal-rich
tuff near the top of the South Canvon Tuff. The pod and lens
shaped breccia masses are surrounded by moderately crystal-rich
black to reddish-brown vitrophyre which is itself slightly
lithic-rich (5-10%). The vitrophyre probably indicates that
the host tuff was "frozen" rapidly adjacent to the cool lithic
zones. The lithic pods in this area are similar (except for

the associated vitrophyre) to lithic zones near the southeast
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cauldron margin. It ig likely that the western cauldron margin
is relatively close to the southwest corner of the Grassy
Lookout guadrangle.

Lithic-rich intervals in the thick cauldron-fill of the
South Canyvon Tuff (Figure 2) are interpreted as lithic
concentrations near the base of major eruptive sequences. The
three succesgsively more crystal-rich caldera-filling units of
the South Canyon Tuff (Tscl, Tsc3, Tsc4; Plate 1) are
genetically linked to separate, but closely spaced, eruption
events representing the evacuation of progressively deeper, and
less evolved levels of a large sub-caldera magma chamber.

The pod-shaped lithic breccia masses (Tscb, Tschv, Plate
1) are interpreted as either co-ignimbrite lag-fall breccias,
or parts of proximal syn-caldera collapse land-slide breccias.
The association of these breccias and undifferentiated South
Canyon Tuff seems to represent a caldera-margin facies of the

Mt. Withington Cauldron-fill sequence.

Post-cauldron units

There are three late Oligocene units that postdate
formation of the Mt. Withington Cauldron: 1) the unit of East
Red Canyon, 2) rhyolite lava domes and flows, and 3) the tuff

of Turkey Springs.
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The unit of East Red Canvon

The unit of East Red Canyon overlies the South Canyon Tuff
throughout the guadrangle and displays a wide variety of
lithologies, which were described in detail for the East Red
Canyon area by Ferguson (1986).

In the south-central part of the map area, the unit of
East Red Canvon is dominated by epiclastic strata. Coarse
angular breccias and conglomerates grade westward into a
sequence of eolian sandstones. The upper 20-50 meters is
characterized by thin to medium-bedded unwelded tuff {(mostly
plinians, but with some lithic-rich ash-flow tuffs) interbedded
with epiclastic rocks. TFerguson {(1986) interpreted the
sequence in East Red Canyon as aﬁ alluvial fan with proximal
facies preserved along the southeast Mt. Withington Cauldron
margin. To the northwest, alluvial fan deposits interfinger
with an eolian sand sea. Paleocurrents in the eolian
sandstones are consistently northeast-directed.

In the western part of the Grassy Lookout gquadrangle, the
unit of East Red Canyon is thinner (< 100 meters) and
pyroclastic strata dominate the sequence. Medium and
thick-~-bedded unwelded to poorly welded lithic-rich tuffs and
thin to medium—bedded plinian sequences are interbedded with
extremely coarse-grained epiclastic rocks composed of very
angular clasés, some Up to 3 meters in diameter. _This
pyroclastic/sedimentary sequence was deposited in a very
proximal alluvial fan environment along the east side of a

narrow north-northwest trending fault-bounded basin. Depending
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on the level of exposure, the basin-fill usually buries the
west-side-down fault zone that bounds its west side, and
overlaps the degraded eastern footwall. Original dips of up to
30-35° are preserved in talus-slope like strata above the
degraded footwall. Dips decrease gradually away from the fault
zone (Figure 3), but in some cases, steeply dipping sequences
of epiclastic breccia and plinian beds are sharply truncated
(20-30° angular differences) by younger sequences. In many
cases it is difficult teo interpret whether a contact is a fault
or depositional (for example, see fault that crosses Hudson
Canyon directly west of Grassy Lookout). To complicate
matters, the degraded fault zone is cut by younger faults,

exposing different levels along strike.

Rhvelite lavas

The unit of East Red Canveon is intruded by and in some
areas overlies rhyolite lava domes, flows, and dome-like
masses. The rhyolite domes are clustered along the southeast
Mt. Withington Cauldron margin, and along the west-side-down
fault zone in Hudson Canyon that is largely concealed by
sediments and pyroclastic strata of the unit of East Red

Canyon.

Tuff of Turkev Springs

Overlying both the unit of East Red Canyon and rhyolite

lava flows and domes is the tuff of Turkey Springs (24.3 Ma,
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500

~7 SD‘

Figure 3. Schematic sketch across the faulted anticlinal
structure partially buried by deposits of the unit of East Red
Canyon {Ter) along the southwest edge of the Grassy Lookout
quadrangle. View is to the north combining field sketches of
exposures in Hudson Canvon, Spring Canyon, and Whitewater
Canyen. Tsc: undifferentiated South Canvon Tuff, Tscl: lower
zone, Tsc2: lithic-rich interval: Tsc¢3: middle zone, Ttsl: tuff
of Turkevy Springs.
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McIntosh, 1989%a). It is a quartz-sanidine bearing pinkish-gray
rhyolite ash-flow tuff that is petrographically and usually
texturally similar to the South Canyon Tuff. Two members are
recognized, a lower unwelded to poorly welded zone (Ttsl, Plate
1) between 0 and 40 meters thick, and an upper welded member
(Tts, Plate 1) up to 100 meters thick, but with no exposed top.
Both members are present near its type section at Turkey
Springs (located glong the north-central edge of the Blue
Mountain 7.5' quadrangle just to the south of this map sheet).
In the Hudson Canyvon area, along the west edge of the map area,
only the lower member is preserved where it overlies
coarse-grained pyvroclastic strata of the unit of East Red
Canvyon.

The source of the tuff of Turkey Springs is not yet been
identified. A possible circular structure to the southwest, in
the Welty Hill 7.5' guadrangle, may represent the source
caldera (Mike Hermann, personal communication; Ferguson,
unpublished mapping).

No Tertiary units younger than the tuff of Turkey Springs

are exposed in the map area.
Other Tertiary units

Two locally mappable units occur below the South Canyon
Tuff in two areas of the Grassy Lookout quadrangle. A rhyolite
lava {(Tr2, Plate 1) occurs in the North Canyon area along the
east edge of the quadrangle. It is mapped as a separate unit

(apart from the pre-Lemitar lavag)} because of relationships
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established just to the east in the Tenmile Hill 7.5°
guadrangle (Ferguson, 1988).

In the Indian Creek area, Jjust off the south edge of the
map sheet (Plate 1), a 30 meter thick red sandstone and
conglomerate unit overlies a less than 2 meter thick sequence
of Lemitar Tuff, and is overlain by the South Canyon Tuff. This
sedimentary sequence differs from the unit of East Red Canyon
in that it contains no pyroclastic strata. It is mapped as the
unit of Indian Creek (Tic), but is shown only on cress-section

G-G' (Plate 2).

Quaternary units

A sequence of partially consolidated alluvium forms
terrace-like deposits along the upper reaches of major canvons
in the Grassy Lookout quadrangle. These stfata are correlated
with the Palomas Formation (Qp, Plate 1; Lozinsky and Hawley,
1986) which represents the youngest seguence of rift-basin fill
prior to the Rio Grande becoming a through-flowing river system
about 400,000 vears agoe (Gile and others, 1981).

Quaternary alluvium filling present day canyon bottoms and

major talus deposits were also mapped (Qa and Qt, Plate 1).
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Structural Geclogy

Caldera Structure

The Mt. Withington Cauldron is a trap door-like structure
tilted to the northwest about a hinge along its southeast
margin. The southeast cauldron margin is a complex hinge-like
structure with associated faults that are constrained to be
synvolcanic with respect to the South Canyon Tuff. The
northwest cauldron margin, located about 5 km to the northwest
of the Grassy Lookout quadrangle, (Osbhurn and Ferguson, 1986)
is a relatively simple near vertica; fault bounding very thick
intracauldron Sou;h Canvon Tuff on the southeast from outflow
sheets of the South Canyon Tuff and older tufifis on the north.
The cauldron floor can be modeled simply as a northwest-tilted
trapdoor (Figure 4), with complex structure in the southeastern
hinge area explained by rotation of relatively narrow fault
blocks into the space created by whole scale tilting of the
cauldron floor block. Structure of the southeast hinge-like

margin is discussed in more detail in Ferguson (1986).

Strain patterns

Most of the Grassy Lookout guadrangle is situated to the
east of the San Mateo Mountains ridge crest. Fault patterns,
east of the crest (Plate 1) are dominated by a north to

northwest-trending set of mostly parallel, often en echelon,
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Figure 4.
Cauldron.
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moderately-dipping west-side-down normal faults. Towards the
north edge of the mapr sheet, the faults swing to the northeast
in concert with a master fault that runs along the east side of
the northern San ﬁateo Mountains ridge crest. The master fault
is a high-~angle east-side-down structure that bounds steeply
cast-tilted blocks to the east from gent}y geast and west-tilted
blocks to the west. Basement to the Mt. Withington Cauldron
fill is exposed only to the west of this fault, but
stratigraphic zonal variations in intracauldron Scuth Canvon
Tuff are essentially similar across the structure.

Structural cross-sections (Plate 2) across the northern
third of the guadrangle illustrate the geometrv of an abrupt
change in tilt across the master fault discussed above. A
major problem with this fault stems from the abrupt change in
dip which, because the dips are away from each other, c¢reates a
large space overlap at depth. Dip changes of this magnitude,
in basin and range settings, tvpically occur at breakaways
where blocks rotate towards a listric master fault. The fault
blocks in this area, however, rotate away from the master
fault{ which is probably not listric. ©Note that these
structural relationships are similar to those observed along
the southeast cauldron margin {(Figure 4).

The east-side-down master fault, in the northern Grassy
Lookout gquadrangle, dies out eventually in the west-central
part of the dquadrangle, near the head of Hudson Canyon (Plate
1). Its displacement is distributed into two other faults that
branch out of nearby west-side-down faults. One starts in the

upper part of Bear Canyon on the west side of the divide, and
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runs southward towards a large bend in Hudson Canyon. The
other runs down the east side of the ridge crest parallel to
the upper part of North Canyon into "The Park" area and than
southwest across East Red Canyon towards Allen Spring and the
head of West Red Canyon. Faults east of this major fault, in
the southern part of the quadrangle, swing to the southwest
into parallelisgm with the Mt. Withington Cauldron margin (Plate
1). |

Along the ridge crest of the San Mateo Mountains, in the
northern part of the Grassy Lookout gquadrangle, intracauldron
South Canvon Tuff is gently folded into an anticline trending
345° with its axis about 2 km west of the ridge cregt. The
fold is cut by a set of mostly north-trending very high angle
faults which change from east-side-down to west-side-down
across the ridge crest (Plate 1): This broad anticline dies
out in the west-central part of the gquadrangle. Another
complex and tighter anticlinal struc¢ture continues southward
from this area, but it offset en echelon style into the
southwest corner of the map sheet (Figure 1).

Along the very southwestern edge of the guadrangle, a
strip of steeply west-dipping South Canyon Tuff is exposed
below gently-dipping strata of the unit of East Red Canyon and
tuff of Turkey Springs. . This strip, which constitutes the
western limb of the anticline discussed above, is bounded by
the north-northwest trending west-side-down fault zone,
partially buried by coarse-grained talus slope deposits of the
unit of East Red Canyon. In Hudson Canyon, this west-side-down

fault is cut and offset by the western branch of the
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east-side-down master fault discussed earlier. Both structures
are truncated by a major east-west trending south-side-down
fault that runs the entire width of the quadrangle (Plate 1).
Its displacement of about 2,000 feet (600 meters) accounts for
all of the topographic differencg between the northern ridge
crest at Grassy Lookout {10,000 feet, or 3,050 meters) and the
San Mateo saddle at the south edge of the map area (8,000 feet
or 2,440 meters).

Structure along the southwegt edge of the guadrangle is
probably similar to structure in the northeast corner, except
that the fault blocks are steeply west-tilted. Similarly, the
west-side-down fault zone (overlapped by stré%a of the unit of
East Red Canyon) is probably akin to the east-side-down master
fault on the east side of the ridge crest. Very little is
known about how far this strip of west-tilted South Canyon Tuff
continues. It must die out to the north, because there is no
evidence of it in the gquadrangle which joins the Grassy Loockout
guadrangle to the northwest (Osburn, 1990). To the west,
detailed mapping does not exist, but Deal's (1973)
reconnaissance map shows no evidence of extensive areas of

steeply west-tilted strata.
Definition of tilt domains

The definition of tilt domains in the Socorre area of the
Rio Grande Rift is controlled primarily by a transverse
boundary (oriented about 070°) called the Scocorro Accommodation

Zone (SAZ). The SAZ bounds large domains of west-tilted strata
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on the north from east-tilted strata to the south (Chapin,
1989)., In addition, four of the five major Oligocene cauldrons
in the Socorro area {(including the Mt. Withington Cauldron)
overlap the SAZ. The SAZ probably represents a long-lived
crustal flaw coincident or related to the Morenci lineament.
Generation and propagation of the Oligocene magmas appears to
be related to the zone. The SAZ is usually shown dyving out in
the northern 8an Mateo¢ Mountains (Chapin, 1989, p.49) somewhere
within the northern Mt. Withington Cauldron. In the northern
Grassy Lookout quadrangle, the east-side-down master fault
(discussed earlier) trends northeastward towards a possible
connection with the SAZ (Figure 1).

Structural geology of the northern San Mateo Mountains
ridge crest as described above, is similar to structural
patterns of fault{blocks within the SAZ farther east (Chapin,
1989). However, the northerly trend of the tilt domain
transition in the San Mateo Mountains is actually more
compatible with it being classified as an anticlinal
strike-parallel boundary. This boundary type is one of three
possible basin and range regional tilt-domain boundaries
(8tewart, 1980), the cother two béing synformal strike-parallel,
and transverse (like the SAZ). On Stewart's (1980) map of tilt
domaing in the basin and range of the southwestern United
States, an orthogonal junction is shown between a transverse
(the 8AZ) and an antiformal boundary in the northern San Mateo
Mountains. Detailed mapping shows that this junction is
probably a curved transitional change from transverse to

antiformal achieved partially through broad folding by a pair
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of northwest-trending en echelon (southwest-stepping)
anticlines along the San Mateo ridge crest, and partially by
abrupt tilt changes along the curving east-side-~down master
fault in the northern part of the guadrangle. Location of this
transition in the northwest corner of the Mt. Withington
Cauldron suggests a relationship between the distribution of
late Oligocene silicic magmatism and the eveolution of tilt
domains during initial stages of extension in the Rio Grande
Rift. Area underlain by silicic cauldrons in the Socorro area
are characterized by moderate to severe extension. Terrain to
the north and west of the Mt. Withington Cauldron, on the other
hand is characterized by the absence of major Oligocene gilicic
centers, and is part of a weakly extended domain transitional
between the basin and range province and the Colorado Plateau
to the north.

The anticlinal tilt-domain boundary in the southern part
of the Grassy Lookout gquadrangle occurs across the complex
west-side-down fault zone that is partially buried by
coarse-grained deposits of the unit of East Red Canyon. This
anticline is an en echelon continuation of a broader anticline
in the northern part of the guadrangle. Very little is known
about the southward continuvation of this anticlinél feature. A
north-trending broad anticline that folds latest Oligocene
gstrata has been mapped along the southwest edge of the 8an
Mateo Mountains by Mike Hermann and Gene Cox {unpublished
mapping, see anticline on Figure 1). This may be the
continuation of the structure recognized in the Grassy Lookout

quadrangle.



26

Timing of extensional deformation

Shortly after formation of the Mt. Withington Cauldron, an
episode of rapid thin-skinned style extension led to the
development of two highly extended terrains in the Grassy
Lookout quadrangle: 1) throughout most of the northeast corner,
and 2) along a narrow strip in the southwest corner.. The fault
blocks are composed of moderately to steeply dipping (35o to
600 ) intracauldron South Canyon Tuff. These fault blocks are
east-tilted to the east of the San Mateo Mountains ridge crest,
and west-tilted to the west.

In the southern Grassy Lookout gquadrangle,. and in the
Tenmile Hill 7.5' quadrangle {(Ferguson, 1988), a shallow
east-dipping (5° to 15°) latest Oligocene sequence of
volcaniclastic strata (unit of East Red Canyon) and the tuff of
Turkey Springs, unconformably overlies both of the steeply
dipping terrains of intracauldron South Canyon Tuff. Precise
10Ar/39Ar geochronology of the South Canyon Tuff (27.3 Ma) and
the tuff of Turkey Springs (24.3 Ma) by Bill McIntosh (1989)
constrains most of the tilting (30° to 459) within a narrow
interval of time at the end of the Oligocene. The relationship
of tilt versus time in the Grassy Lookout and Tenmile Hill
guadrangle (Figure 5a) shows a pronounced tilt rate decrease
near the end of the Oligocene., In terms of total extension for
this area, 75% of it was achieved during the final 3 million
vears of the Oligocene, and it is likely that most of it

occurred within 1 million yvears after eruption of the South
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Figure 5. Tilt-versus-time curves for Mid-Tertiary strata in
two areas of the Rio Grande Rift near Socorro. The range of
variation in tilt and age for each sequence i1s shown. Precisely
dated ash-flow tuff units are depicted by vertical lines and
sedimentary sequences by boxes. A) Curve for strata in the
Milligan graben area between the San Mateo Mountains and
Magdalena Mountains. Data from Ferguson (1988). R} Curve for
strata in the Lemitar Mountains just northeast of Socorro. Data
from Chamberlin (1983).
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Canyon Tuff. A tilt versus time graph (Figure 5b) for another
zone of high extension near Socorro where about 60% of the
total extension occurred between 28.5 Ma and 27.3 Ma
{Chamberlin, 1983) is included for comparison.

Neogene tectonic activity has been documented in the basin
immediately east of the San Mateo Mountains (Milligan graben).
West-side-down recent faults that cut the 400,000 vear old
Cuchillo surface (Gile and others, 1981) are described by
Machette (1987) in the southern part of the graben, and by
Ferguson (1988) just to the east (in the adjacent Tenmile Hill
7.5' quadrangle). Displacement of the Cuchillo surface in the
Tenmile Hill gquadrangle is about 3 meters. This offset of a
400,000 year old surface is gualitatively compatible, by
comparison of fault throw with magnitude of tilt for a
reasonable (2-5 km) spacing of fault blocks, with the youthful
part of the extensional history curve for this area (Figure

5a).

Importance of a sub-caldera pluton

Because basin and range extension was initiated during the
waning stages of silicic volcanism in the Socorro area (Chapin,
1979){ it is not surprising that strain patterns were greatly
influenced by young volcanic structures and shallow ductile
intrusions. Osburn and Ferguson (1986) concluded that
orthogonal fault patterns, northwest and scutheast of the Mt.
Withington Cauldron, reflected the influence of pre-Tertiary

basement structures. Parallel faults, oriented normal to the
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probable late Oligocene least-principle stress direction,
within the cauldron, and east of the San Mateo Mountains
northern ridge crest, are thought to reflect the presence of a
shallow pluton, which diminished the control of basement
structure on strain patterns.

The intracauldron area displaying parallel fault patterns
is characterized by large (60-100%) magnitudes of extension,
most of which occcurred in a less than 3 million yvear interval
at the end of the Oligocene. A shallow sub-caldera pluton
could help explain this rapid pulse of high extension which is
conspicuously confined within the Mt. Withington Cauldron. Just
after its emplacement, it is likely that the hot pluton was
extended in a ductile fashion parallel to the least-principle
stress direction. <Concurrently, extension at the surface was
achieved through brittle faulting of the thick intracauldron
seqguence. This scenario is depicted in a structural model
(Figure 6) where domino-stvle faulting occurs above a
detachment which represents the brittle-ductile transition
elevated to shallow depths (- Bkm) just after emplacement of
the sub-caldera piuton. A steep breakaway fault is depicted
near the west edge 0f the cauldron complex, and corresponds to
the tilt-domain bounding master fault that occurs along the
east side of the San Mateo Mountains ridge crest. The space
problem across this structure is balanced by pulling the highly
extended block away from the relatively stable block to the
west. Steeply-tiited domino-gtyle fault blocks can then rotate
into the gap.

The final stage of the model (¥Figure 6) depicts a
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Figure 6. Structural model for extensional evolution of the
Mt. Withingteon Cauldron, late Oligocene through present. The
cross-sectional plane is oriented parallel to the long
dimension of the cauldron (Figure la) and with the Mid-Tertiary
least principle stress direction parallel to the page. The
first stage (27 Ma) depicts the crustal section just after
formation of the cauldron. The second stage (27 to 25 Ma)
depicts a rapid pulse of extension expressed at the surface by
listric faulting above a shallow detachment, and ductile
stretching of the sub-caldera magma chamber. The final stage
(25 Ma to present) depicts a brittle pluton, a gently
east-dipping Oligocene-Miocene angular unconformity, and
deep-seated normal faulting.
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protracted phase of deep-seated faulting characterized by weak
magnitudes of extension. This stage reflects post magmatic
cooling, depression of the brittle-ductile transition, and
strengthening of the crust. Similar changes in structural
style and behavior of the continental crust in other areas of

the Rio Grande Rift during this time interval are described by

Morgan and others (1986).
Economic Geology

The Grassy Loockout gquadrangle is host to the Rosedale
epithermal gold district (Neubert, 1983), and much of the
north-central part of the guadrangle is underlain by large
areas of altered and mineralized intracauldron South Canyon
Tuff. The most intense alteration is concentrated along the
north-northwest trending faults between North Canyon and Big
Rosa Canyon, and along the Lemitar Tuff - South Canyon Tuff
contact near the head of North Canyon. Areas affected by
argillic alteration (of varying degrees) are shown on Figure 7.
Timing of the mineralization and alteration in the Rosedale
district was probably shortly after emplacement of the South
Canyon Tuff. Argillic alteration typically overprints and
crogs-cuts fault zones attributed to the late Oligocene
thin-skinned phase of extension, but younger basin and range
style‘high-angle faults sometimes juxtapose altered and
unaltered rock. The driving force for the epithermal system
was most likely the sub-caldera pluton.

Samples of quartz vein material and/or intensely altered
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hematite coated South Canyon Tuff were collected from remote
areas in the Grassy Loockout quadrangle for fire-assay. Most
analyses (samples located on Plate 3) are unpromising {Table
1), but some areas certainly deserve more attention.

Another possible economic prospect worth investigating in
the central San Mateo Mountains is from an industrial minerals
perspective. The lower part of the tuff of Turkey Springs
throughout the gouthern Grassy Lookout gquadrangle is
characterized by large fluffy pumice fragments that constitute
up to 20% of the rock volume. In some areas these pumice are
replaced by large amounts of pinkish and peach-colored zeolite
minerals (unidentified). Because of the substantial thickness
(200 feet or 60 meters) of this potentially mineralized
interval, the central San Mateo Mountains should be considered

as a possible resource area for zeolite minerals.
Conclusions

betailed mapﬁing within the Mt. Withington Cauldron has
helped define three major stratigraphic zonal variations of
intracauldron South Canyon Tuff. Fach zone is thought to
represent major eruptive phases that tapped progressively
deeper and less e&olved material from a sub-caldera magma
chamber.

Mapping in the Grassy Lookout guadrangle has located a
regional basin and range antiformal tilt-domain boundary
defined by two structural features in the northern San Mateo

Mountains. The first is a group of three en echelon



Table 1. Fire assay analyses of gamples collected in the
Grassy Lookout quadrangle. Analyses given in ounces per ton.
Location of samples provided on Plate 3.

Sample Gold S8ilver
NM-89-1 0 0.44
NM-89-2 0 0.04
NM-~89-9 0 0
NM-89-10 0 0.20
NM~-89-10b 0 0
T-89-11 0 0
NM-89-13 0 0
NM-89-16a 0 0.12
NM-89-16b 0 0
NM-89-16¢c 0 0.04
NM-89-~16d 0 0
NM-89-17 0 0
NM-89-18 0 0
NM-89-19a 0 0.12
NM~-89-19b 0 0.04
NM-89-19c¢ 0 0.5%0
NM-89-20 0.04 0.64
NM-89-23a 0 0.78
NM-89-23b 0 0.34
NM-89-23h 0 0.12
NM-89-24 0 0.08
NM-89-29 ] 0
NM-89-33 0 0.04
NM-89-34 0 0.22
NM~-89-35 0 0
NM-89-36 0 0
T-89-42a 0 0.26
T-89-43 0 0.10
T-89-XXX 0 0
Moo « 2. © o
NM90’,4 1% g0z
NM GO+ 22 @ ©

o o]

Mo 45
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east-gide-down normal faults, two of which run along the east
gside of the northern San Mateo Mountains ridge crest. the
third runs along the west side of the ridge crest. The two
eastern faults, particularly in the north part of the map area,
bound steeply east-tilted blocks on their east éides from
gently tilted strata on the west., A second structure, defining
the tilt-domain boundary, 1ig a north-northwest trending broad
anticline in the northwest part of the quadrangle. This broad
anticline dies out in the west-central part of the quadrangle,
but steps en echelon to the west into a tighter asymmetric
anticline cut by a west-side-down fault zone. The antiformal
tilt-domain boundary formed by these en echelon faults and
folds probably merges within 5 to 10 k¥m to the north with the
Socorro Accommodation Zone, an important regional transverse
tilt-domain boundary. Detailed mapping to the west and south
is needed before I would comment seriously on the southward
continuation of this tilt-domain boundary.

Detailed mapping (Ferguson, 1986; 1988; this report) along
with paleomagnetic and geochronologic work by Bill McIntosh
{1989) has constrained a rapid pulse of thin-skinned style
extension within the Mt. Withington Cauldron just after its
emplacement {(the last 3 million vears of the Qligocene).
Domino-style listric faulting at the surface is inferred to be
synchronous with ductile extension of an approximately 5 km
deep sub-~caldera magma chamber. A later phase of thick-skinned
basin and range style extension (Miocene to present) was
characterized by high-angle faulting and is thought to reflect

a cooler and stronger crustal section.
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The antiformal tilt domain boundary that runs north-south
along the west-central part of the Grassy Lookout gquadrangle
joins.with the S.A.Z. to the north and acts as a boundary
between relatively thick continental crust, transitional to the
Colorado Plateau, and thin crust of the Rio Grande Rift that

was plerced and weakened by a suite of QOligocene plutons.
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Explanation NMBM&MR Open-file Report 366

Alluvium

Talus and colluvium covered talus

Palomas Formation. Semiconsclidated sandstone and sandy conglomerate.
Phreatic breccia pipe developed in welded tuff of Turkey Springs.

Tuff of Turkey Springs. Welded upper member.

Tuff of Turkey Springs. Unwelded basal member.

Rhyeolite lava flows and intrusions younger than South Canyon Tuff.
Ash~flow tuffs interleaved with lava flows in Horse Mt, Canyon area,
Unit of East Red Canyon. Volecaniclastic breccia, conglomerate, and
sandstone and unwelded plinian ash beds and lithic-rich ash-flow tuffs.
Epiclastic deposits dominate in East Red Canyon area. Pyroclastic
deposits dominate in Box Draw, Hudson, and Spring Canyon.,

South Canyon Tuff undifferentiated. Rhyolite ash-flow tuff.

South Canyon Tuff. Lithic breccias associated with moderately crystal-
rich (15%) brown to black vitrophyre. Found only in southwest corner.

South Canyon Tuff. Clast-supported lithic breccia lenses. Restricted
to southeast corner.

South Canyon Tuff. Moderately crystal-rich (10-20%) feldspar-bearing
ash-flow tuff characterized by light gray color and lack of guartz
phenocrysts. Restricted to northeast part of map area.

South Canyon Tuff., Crystal-rich (20-30%) gquartz, feldspar bearing ash- .
flow tuff. Also characterized by reddish color and lithic fragment
content up to 10%.

South Canyon Tuff. Moderately crystal-rich (10-20%) quartz, feldspar
bearing light gray ash-flow tuff.

South Canyon Tuff., Crystal-poor (5-10%) lithic-rich (5-30%) quartz,
feldspar bearing reddish ash~flow tuff.

South Canyon Tuff. Crystal-poor (1-5%) guartz, feldspar bearing light
gray ash-flow tuff.

South Canyon Tuff. Basal Member, composed of unwelded bedded ash.
Restricted to North Canyon area, eastern edge  of map.

South Canyon Tuff., Widespread basal member composed of crystal-poor
quartz, feldspar bearing brown to black vitrophyre.

Unit of Indian Creek. Red volcaniclastic sandstone and conglomerate.
Shown only on cross-section G-G'.



Tr 2 Rhyolite lava older than South Canyon Tuff.

T1 Lemitar Tuff. Crystal-rich quartz, feldspar bearing reddish rhyolite
ash-flow tuff. Characterized, when thicker than about 30 meters, by a
quartz deficient internal zone.

‘Trl Rhyolite lava and intrusions older than the Lemitar Tuff.

VP Vicks Peak Tuff. Crystal-poor (0~3%) feldspar bearing light gray
rhyolite ash-flow tuff.

bRy La Jencia Tuff. Crystal-poor (1-7%) light reddish gray feldspar bearing
rhyolite ash-flow tuff.

All Tertiary units are late Oligocene in age.

SYMBOLS
24, strike and dip of bedding, sedimentary and pyroclastic rocks
30, strike and dip of eutaxitic foliation, welded ash~flow tuffs
33> strike and dip of pilotaxitic foliation, flow-banded lavas and intrusions
-+ trend of lineated pumice fragments in welded ash-flow tuffs, azimuth

corrected for tilting

,ﬂufﬂcontact, dashed where approximately located
,,»” fault, ball on downthrown side, dashed where approximately located,
)4af dotted where concealed by younger deposits, dip shown where fault
plane is exposed

apparent dip of eutaxitic foliation on cross-sections, shown only if
not parallel to depositional contacts

\

\% arrow indicates direction of fault motion on cross-sections

page 2, Explanation NMBM&MR Open-file Report 366
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Ral J Alluvium
Talus and colluvium covered talus
np Palomas Formation. Semiconsolidated sandstone and sandy conglomerate.

[Ttspb] Phreatic breccia pipe developed in welded tuff of Turkey Springs.
Tts Tuff of Turkey Springs. Welded upper member.

Tuff of Turkey Springs. Unwelded basal member.

3 Rhyolite lava flows and intrusions younger than South Canyon Tuff.
ILESE Ash-flow tuffs interleaved with lava flows in Horse Mt. Canyon area.
[Tar ”1 Unit of East Red Canyon. Volcaniclastic breccia, conglomerate, and

sandstone and unwelded plinian ash beds and lithic-rich ash-flow tuffs.
Epiclastic deposits dominate in East Red Canyon area. Pyroclastic
deposits dominate in Box Draw, Hudson, and Spring Canyon.

e South Canyon Tuff undifferentiated. Rhyolite ash-flow tuff.

South Canyon Tuff. Lithic breccias associated with moderately crystal-
rich (15%) brown to black wvitrophyre. Found only in southwest corner.

South Canyon Tuff. Clast-supported lithic breccia lenses. Restricted
to southeast corner. :

South Canyon Tuff. Moderately crystal-rich (10-20%) feldspar-bearing
ash~-flow tuff characterized by light gray color and lack of quartz
phenocrysts. Restricted to northeast part of map area.

South Canyvoen Tuff. Ceystal-rich (20-30%) quartz, feldspar bearing ash-
flow tuff. Also characterized by reddish color and lithic fragment
content up to 10%.

South Canyon Tuff. Moderately crystal—rich‘(lo—zo%) quartz, feldspar
bearing light gray ash-flow tuff.

South Canyon Tuff. Crystal-poor (5-10%) lithic-rich (5-30%) quartz,
feldspar bearing reddish ash-flow tuff.

#ili south canyon Tuff. Crystal-poor (1-5%) quartz, feldspar bearing light
gray ash-flow tuff,

South Canyon Tuff. Basal Member, composed of unwelded bedded ash.
Restricted to North Canyon area, eastern edge of map.

¢+ South Canyon Tuff. Widespread basal member composed of crystal-poor
quartz, feldspar bearing brown to black vitrophyre.

Unit of Indian Creek. Red volcaniclastic sandstone and conglomerate.
Shown only on cross-section G-G'.
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Tj‘ :

Rhyolite lava older than South Canyon Tuff.

Lemitar Tuff. Crystal-rich quartz, feldspar bearing reddish rhyolite
ash-flow tuff. Characterized, when thicker than about 30 meters, by a
quartz deficient internal zone.

Rhyolite lava and intrusions older than the Lemitar Tuff.

Vicks Peak Tuff. Crystal-poor (0-3%) feldspar bearing light gray
rhyolite ash-flow tuff.

La Jencia Tuff. Crystal-poor (1-7%) light reddish gray feldspar bearing
rhyolite ash-flow tuff.

All Tertiary units are late Oligocene in age.

SYMBOLS

strike and dip of bedding, sedimentary and pyroclastic rocks

strike and dip of eutaxitic foliation, welded ash-flow tuffs

strike and dip of pilotaxitic foliation, flow-banded.lavas and intrusions

trend of lineated pumice fragments in welded ash-flow tuffs, azimuth
corrected for tilting

contact, dashed where approximately located

" fault, ball on downthrown side, dashed where approximately located,

dotted where concealed by younger deposits, dip shown where fault
plane is exposed

apparent dip of eutaxitic foliation on cross-sections, shown only if
not parallel to depositional contacts

arrow indicates direction of fault motion on cross-sections
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