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DESCRIPTION OF MAP UNITS
SURFICIAL DEPOSITS

[Surficial deposits are generally more than 2 m thick where mapped. In some places, thinner deposits are
mapped to show areal distribution and stratigraphic relations. The distribution of surficial deposits west
of the Rio Grande is based partly on geologic interpretation of soils mapped by the U.S. Soil
Conservation Service (Yenter and others, 1980). The distribution of flood-plain and active stream-
channel deposits is delineated from aerial photographs; their contacts are generally gradational and
approximately located. Age estimates or correlations are based on preservation of original surface
morphology, height of a unit's depositional surface above modern stream level, and the extent of soil
development on units (see Machette, 1985, for a discussion of soils)]

T

Eolian sand (Holocene)—Light-brown, well-sorted, fine to medium sand. Forms
embankments against bedrock and fills some small stream valleys of the
San Luis Hills. East of the Rio Grande, eolian sand thinly covers most of the
stable surface of the oldest alluvial unit (Qao), but only several patches of
sand are thick enough (2 m) to show separately within the area mapped on
units Qao and Qpo. Thickness 2-3 m
Alluvial deposits of the San Luis Basin—Light-gray to light-brown sand and
sandy pebble to small-cobble gravel. Forms flood plains and terraces along
the Rio Grande and along tributary streams to the east. Forms broad
piedmont slopes west of the Rio Grande and between incised streams east
of the Rio Grande. All deposits are relatively well sorted and were mainly
deposited by perennial streams
Qa Alluvium of major, active stream channels (upper Holocene)—Sandy pebble
to cobble gravel within stream channels incised into older deposits. Only
mapped along major streams. Thickness unknown, but probably 2-4 m;
base covered
Flood-plain alluvium (upper Holocene)—Moderately well sorted, fine-grained
overbank alluvium and well-sorted sandy pebble to cobble gravel. Forms
extensive, slightly undulating flood plains along most major streams in the
area. Surface shows 1-2 m of bar-and-swale morphology. Soil has organic-
rich A horizon and weakly oxidized C horizon. Thickness unknown, but
probably 2-4 m; base covered
Undifferentiated alluvium (upper Holocene)—Includes alluvium of major,
active stream channels (Qa) and of adjacent flood plains (Qfp) where the two
units overlap extensively or where restricted to narrow channels, especially
along the Rio Grande and lower Conejos River. Thickness unknown; base
covered
Qfpo Flood-plain alluvium (lower? Holocene)—Sparse remnants of an older phase
of flood-plain alluvium that are generally less than 2 m above the active
flood plain and have subdued bar-and-swale morphology (1/2-1 m of
surface relief). Soil has an A horizon and an oxidized, Cca (calcareous)
horizon; clasts have thin, discontinuous calcium carbonate coatings of stage
I morphology (stages of Gile and others, 1966). Largest remnants of this
unit are along Culebra and Costilla Creeks, east of the Rio Grande.

Qay, Thickness unknown, but probably 2-5 m; base covered
Qay —— Young alluvium (upper Pleistocene)—Extensive unit of alluvium that forms
Qay: discrete terraces 5-10 m above the Rio Grande and a single terrace 2-4 m

above its eastern tributaries. Terraces subdivided into Qay; (older) and Qay,

(vounger) along the Rio Grande, in central part of map area. West and north

of San Luis Hills, unit forms broad, smooth surface at or just above stream

level. Consists of well-rounded, well-sorted glacial outwash from the
adjacent San Juan and Sangre de Cristo Mountains, west and east of the
map area, respectively. Youngest major gravel deposit in the area. Soil on
unit is different east and west of the Rio Grande owing to local climate and

ground water level. West of the Rio Grande, soil has thick, organic-rich A

horizon; weak, argillic, clayey B horizon; and oxidized to sparsely

calcareous Cca horizon. Calcium carbonate has stage I morphology but

shows irregular pattern of development. East of the Rio Grande, soil has a

thin, less organic A horizon, a slightly thicker and more clayey B horizon,

and a Cca horizon having stage [ to weak stage Il morphology. These soils

show development similar to soils of uppermost Pleistocene age (15,000—

25,000 yrs) elsewhere in the southern Rocky Mountains (Machette, 1985).

Thickness 5-10 m along the Rio Grande, unknown elsewhere

Middle alluvium (uppermost middle Pleistocene)—Extensive unit of alluvium

that forms discrete terraces 18-22 m above the Rio Grande and 6-15 m

above its eastern tributaries. Terraces subdivided into Qamy (older) and

Qam; (younger) along the Rio Grande in central part of map area. West of

San Luis Hills, unit has been mostly eroded and buried by younger

alluvium; however, two outcrops near Sanford and La Jara show that unit

was deposited as much as 3 m above modern stream level. Consists of well-
rounded, well-sorted glacial outwash from the adjacent San Juan and

Sangre de Cristo Mountains and an overlying mantle of loess. Soil below

stable surface of alluvium east of the Rio Grande has a thick, organic-rich A

horizon and a moderately to strongly developed, light-reddish-brown

argillic (clayey) and calcareous (stage I) B horizon formed in 0.5-1.0 m of
loess, whereas the underlying alluvium generally contains a Cca horizon.

The Cca horizon has stage Il to weak stage IIl morphology, but shows

irregular pattern of distribution probably as a result of leaching during wet

phases of the late Pleistocene. This soil is similar to soils of uppermost
middle Pleistocene age (125,000-150,000 yrs) elsewhere in the southern

Rocky Mountains (Machette, 1985). Thickness about 5-10 m along the Rio

Grande, unknown elsewhere

- Old alluvium (middle Pleistocene)—Moderately oxidized, sandy pebble to
cobble alluvium commonly overlain by a thin (<2 m) mantle of younger
eolian silt and sand. As mapped, unit includes several alluvial subunits that
have well-developed soils; however, because of limited exposures these
subunits cannot be shown separately. Unit is only exposed east of the Rio
Grande; presumably it is at shallow (25-100 m) depth west of the San Luis
Hills. Generally, forms broad, slightly undulating, dissected surfaces 20-40 m
above stream level in eastern part of map area; these surfaces become
progressively higher above stream level to the west where they are 50-60 m
above the Rio Grande. Soils below these surfaces may have a 0.5-1 m thick
Cca or K horizon (stage IlI to incipient stage IV; see Gile and others, 1965,
1966) and (or) a thick, clayey, reddish-brown argillic B horizon and a thin,
poorly organic A horizon. Locations of good exposures of soils on this
surface are shown on the map. Unit probably includes alluvium that ranges
in age from more than 200,000 to perhaps 600,000 yrs. Alluvium is at least
10 m thick along Culebra Creek and the Rio Grande; elsewhere base is
covered and thickness is unknown
Piedmont-slope deposits of the San Luis Hills—Light-gray to light-brown
pebble and cobble gravel having sandy matrix, although talus and
landslides contain large blocks of bedrock. On broad piedmont slopes
surrounding the San Luis Hills, poorly sorted colluvium grades laterally into
coalesced fan- and piedmont-slope alluvium, which consist of moderately
well sorted sandy gravel. Units fill broad valleys among resistant hills of
Tertiary volcanic rocks. Also includes deposits along western toe of San
Pedro Mesa. Thicknesses unknown, probably 2-10 m

Younger piedmont-slope alluvium (Holocene and upper Pleistocene)—
Colluvium and alluvium that form fairly broad but smooth surfaces. Unit is
undivided and correlates with alluvial units Qafp, Qfpo, and Qay east of the
Rio Grande. Soil on unit consists of weak A and B horizons and a stage [ to
stage Il Cca horizon. Surfaces grade to low positions in valleys of San Luis

Hills and to low flood plain west and north of San Luis Hills

- Older piedmont-slope alluvium (middle Pleistocene)—Colluvium and
alluvium that form broad but moderately dissected surfaces. Unit is
undivided and correlates with alluvial units Qam and Qao east of the Rio
Grande. Contains soils that have moderately to strongly developed,
reddish-brown argillic B horizons and stage Il to Il Cca horizons as much as
0.8 m thick. Soil development suggests that age of unit may range from
125,000 to perhaps 400,000 yrs (see Machette, 1985, for discussion of age
estimates using soils)

Undivided piedmont-slope alluvium (Quaternary)—Includes younger
and older alluvium and colluvium (units Qpy and Qpo) but is undivided in
and around the San Luis Hills east of the Rio Grande and along the
southeastern margin of the map area

Colluvial deposits—Includes talus, rockfall, landslide deposits, and associated

v undifferentiated colluvium that mantle slopes of 5° or more,in general

Talus (Quaternary)—Debris mantle of sandy to pebbly gravel and cobble-
to boulder-size blocks of Tertiary volcanic rock derived from adjacent
slopes. Only mapped along steep escarpments formed on bedrock of the

San Luis Hills. Thickness unknown, probably 2-10 m

Landslide debris (Quaternary)—Includes large slumped blocks of volcanic
rock in finer grained matrix. Localized in three areas: on the northeast and
south sides of the Pinon Hills (0.4 and 0.1 km?’ in area, respectively) west of
the Rio Grande, and widespread masses of debris that have slumped off the
west margin of San Pedro Mesa in the southeastern part of the map area

BEDROCK

[Bedrock has been divided into four major packages based on potassium-argon age determinations,
stratigraphic relationships, and correlation with regional units of volcanic and related rocks. The
lowermost extrusive rocks comprise mafic to intermediate-composition lava flows, breccias, mudflows,
and lava domes and are broadly correlated with the precaldera lavas and breccias in the southeastern
San Juan Mountains that were assigned to the Conejos Formation (Cross and Larsen, 1935, p. 69).
Individual volcanic centers are poorly defined, with the exception of early andesite centers, but appear to
have erupted monotonous sequences of andesite and dacite. Intrusive activity was accompanied by
contact metamorphism adjacent to large plutons and by extensive hydrothermal activity resulting in
propylitic, argillic, and advanced argillic alteration of the overlying volcanic rocks (Bartlett, 1984).
Subsequent erosion of the volcanic pile formed coalescing aprons of conglomerate of which only minor
remnants are preserved along an unconformity beneath the overlying mafic rocks of the Hinsdale
Formation. No rocks of Miocene age are present in the map area. Pliocene volcanic rocks are the
youngest exposed bedrock units and are dominated by tholeiites of the Servilleta Formation but include
subordinate olivine andesite and xenocrystic basaltic andesite]

Regional lavas and related rocks

Andesite of Mesita Hill (Pliocene?)—Xenocrystic basaltic andesite, occurs only
at Mesita Hill in south-central part of map area and forms an isolated
volcano consisting of basal lava flows and overlying cone composed of
cinder and spatter agglutinate. Cone mostly removed by quarrying
operations prior to 1986. Aphanitic to sparsely porphyritic and includes
large, resorbed xenocrysts of quartz and plagioclase

Cinder deposits

Flows—1-3 m thick

- Olivine andesite (Pliocene)—Sparsely to moderately porphyritic containing
olivine phenocrysts and moderately to highly flattened vesicles. Present as
remnants beneath Servilleta Formation shield in southern part of map area
and forms ayounger, isolated shield volcano in center of map area (Volcano
de la Culebra of Burroughs, 1972). Flows, typically 2-5 m thick, form
- prominent escarpments in Rio Grande gorge
| Servilleta Formation (Pliocene)—Thin flows of tholeiitic basalt characterized
by small olivine phenocrysts, diktytaxitic texture, and local vesicle pipes and
segregation veins. Potassium-argon age of flow in slump block in southeast
corner of map area is 4.3 Ma (Lipman and others, 1986). Potassium-argon
ages of flows southeast of map area range from 3.6 to 4.5 Ma (Ozima and
others, 1967; Aoki, 1967; Lipman and Mehnert, 1979). Only exposed vent
in map area is a low shield in southern part of map area, 0.5 km north of
state boundary and 3 km west of the Rio Grande. Maximum exposed
thickness is about 50 m in Rio Grande gorge in south-central part of map
area
Hinsdale Formation (Oligocene)—Basaltic lava, associated breccia, and near-
vent pyroclastic deposits. Includes fine-grained silicic alkali-olivine basalt,
basaltic andesite, tholeiitic basalt and minor andesite and xenocrystic
basaltic andesite. Sparse small olivine phenocrysts partly altered to
iddingsite are typical, and xenocrysts of quartz and feldspar are locally
abundant. Potassium-argon ages of flows range from 25.7 to 26.4 Ma
within map area but range from 4.4 to 26.8 Ma to the west in the
southeastern San Juan Mountains (Lipman, 1975). Thickness 0-300 m
Xenocrystic basaltic andesite flows—Aphanitic to sparsely porphyritic;
contains large, resorbed xenocrysts of quartz and plagioclase. Clinopyroxene
xenocrysts are abundant locally. Remnants cap mesas, and isolated
outcrops occur in north-trending belt on west side of the Rio Grande in
northeastern part of map area
Tholeiitic basalt flows—Characterized by small olivine phenocrysts, diktytaxitic
texture, and local vesicle pipes and segregation veins. Restricted to
uppermost part of section at South Pinon Hills. No source vents were
identified. Potassium-argon age on basal flow is 25.7 Ma (table 1)
Silicic alkali-olivine basalt flows—Moderately porphyritic, massive flows of
Pinon Hills with 10-15 percent phenocrysts of plagioclase (60 percent),
clinopyroxene (20 percent), iron-titanium oxides (15 percent), and minor
olivine (<5 percent). Elsewhere basalt flows are sparsely porphyritic
containing phenocrysts of clinopyroxene (>40 percent), olivine, and, in
places, plagioclase
Andesite flows—Massive, restricted to north end of South Pinon Hills. Base
of thickest flow contains euhedral hornblende phenocrysts which are
progressively altered and recrystallized to clinopyroxene in middle to upper
parts of flow
Silicic alkali-olivine basalt flows and near-vent pyroclastic deposits—
Sparsely porphyritic, containing phenocrysts of olivine and clinopyroxene
as much as 40 percent. Vent areas characterized by steeply dipping
accumulations of reddish-brown cinders and spatter agglutinate, commonly
deeply eroded and overlain by lava flows. Flows range in thickness from 3 to
>10m
Silicic alkali-olivine basalt, monolithic flow breccias, and subordinate
spatter agglutinate—Local accumulation only . . B
Eolian sediments (Oligocene)—Fine-grained, light-tan to buff eolian sediments,
interbedded with basaltic lava flows; some fluvial reworking locally. Highly
variable in thickness and lateral extent. Forms discontinuous marker beds
between major packages of basalt flows. Composed principally of reworked
volcanic ash. Baked zones at the base of overlying basalt flows commonly
contain thin zones of admixed sediments and basaltic glass, which indicate
locally moist conditions at the time of eruption
Los Pinos Formation (Oligocene)—Mostly bedded conglomerate and minor
sandstone containing dacite clasts derived locally from underlying lava
flows and domes. Contains a few Precambrian cobbles derived from the
Sangre de Cristo Mountains to the east. Discontinuous lenses mark the
unconformity between volcanic rocks of the Conejos Formation and the
overlying basalts of the Hinsdale Formation

Intrusive rocks

Biotite-hornblende dacite porphyry (Oligocene)—Northeast-trending dikes
and small stocks of coarsely porphyritic dacite. Phenocrysts consist of
plagioclase, sanidine (as much as several centimeters long), biotite,
hornblende, iron-titanium oxides, and minor quartz and resorbed oligoclase
xenocrysts. Southernmost stock (2 km northeast of Kings Turquoise Mines)
hosts extensive quartz-alunite alteration. Potassium-argon ages on unaltered

dike northeast of alunite locale range from 26.0 to 28.9 Ma (Bartlett, 1984).
Biotite dacite porphyry (Oligocene)—Dikes and small stocks of porphyritic
dacite. Phenocrysts of plagioclase, biotite, iron-titanium oxides, in some
places clinopyroxene, and minor sanidine and hornblende. Confined to

Fairy Hills and Brownie Hills area. Potassium-argon age of 29.1 Ma

(Bartlett, 1984)

Tdu\/ Dacite porphyry, undivided (Oligocene)—Dikes of porphuyritic dacite. Includes

units Tdbh and Tdb. Phenocrysts of plagioclase, biotite, iron-titanium
oxides, in places clinopyroxene, hornblende, and sanidine. Present

throughout Brownie Hills. Thickness 1-3 m

Andesite porphyry (Oligocene)—Dikes of sparsely porphyritic to porphyritic

andesite commonly containing plagioclase, clinopyroxene, in places
olivine; contain plagioclase crystals in which sieved cores are common. At
three localities west of the Rio Grande, dikes intrude (1) andesite (Tca) vent
complex 3 km west of Lasauses at north end of prominent hills, (2) andesite

(Tca) and dacite (Tcl) flows on south side of the mesa Flat Top, and (3) unit

Tcl, 1.7 km south of Lasauses cemetery. Thickness < 1 m

- Quartz monzonite (Oligocene)—Stocks, fine to medium grained, equigranular
to slightly porphyritic, and gray to light tan; contains potassium feldspar,
plagioclase, quartz, variably altered biotite, iron-titanium oxides, and minor
clinopyroxene. Present at several areas as steep-sided stocks along north-
trending belt in south-central part of map area. Similarity in mineralogy and
composition suggest that the stocks may be connected at depth. Commonly
intruded by aplitic dikes <0.5 m wide. Potassium-argon ages from stock at

South Pinon Hills range from 28.9 to 29.2 Ma (Burroughs, 1972).

Diorite (Oligocene)—Stock, medium grained, equigranular, and grey; contains
plagioclase, clinopyroxene, olivine, and iron-titanium oxides. Olivine
variably altered to iddingsite. Forms small stock on southeast side of South
Pinon Hills. [solated occurrence suggests unit is a satellitic intrusion from
the main intrusive body of unit Tiq

Early extrusive rocks

Conejos Formation (Oligocene)—Includes mafic to intermediate-composition
vent facies rocks, consisting of lava flows, flow breccias, explosion breccias,
and volcaniclastic rocks, principally mudflow breccias. Divided into an
upper sequence (units Tcuz, Tcuy, Tcu. Tcum) and a lower sequence (units
Tcl, Tcls, Tcky, Tch, Telm, Tclv, Tca) on the basis of observed stratigraphy
and variations in flow morphology and mineralogy. Thickness varies
considerably throughout San Luis Hills; maximum exposed thickness of
250 m on east side of Flat Top, base not exposed. Potassium-argon ages on
intrusive quartz monozonite (Tiq) provide a minimum age for overlying
volcanic rocks of approximately 29 Ma

Upper sequence
Upper dacite—Gray, sparsely porphyritic lava flows containing plagioclase,
clinopyroxene, iron-titanium oxides, biotite, and minor quartz phenocrysts.
Distinguished as separate unit only at Music Mesa. Minor occurrences
interfinger with andesite flows near southern extent of unit Tcu
Upper andesite—Dark-brown to brownish-gray, moderately porphyritic
andesite flows and flow breccias containing plagioclase, clinopyroxene,
iron-titanium oxides, and, in places, olivine and biotite phenocrysts
Upper andesite, undivided—Dark-brown to reddish-brown, moderately
porphyritic andesite flows and flow breccias containing plagioclase,
clinopyroxene, iron-titanium oxides, and, in places, minor olivine pheno-
crysts. Plagioclase crystals commonly have sieved cores and resorbed rims.
Forms subdued rounded hills in northeastern part of map area. Flows
thicken and become more abundant to the west. Maximum observed
thickness 170 m
Upper mudflows—Light-gray to tan volcaniclastic mudflows and debris
flows composed of matrix-supported clasts predominantly of unit Tcu.
Occurs only in northeastern part of map area

Lower sequence
Lower mudflow—Monolithologic dacite mudflow, confined to base of
section at Pinon Hills. Contains clasts (<1 cm->2 m) of coarsely porphyritic
dacite vitrophyre containing phenocrysts of plagioclase, biotite, minor
sanidine, and iron-titanium oxides. Moderately well developed columnar
cooling joints common. Maximum exposed thickness 60 m at south end of
John James Canyon
Upper part—Gray to light-gray, moderately to coarsely porphuyritic,
massive dacite flows containing plagioclase, variably altered biotite,
clinopyroxene, and euhedral iron-titanium oxides in glassy to pilotaxitic
groundmass. Glomerocrysts of plagioclase, clinopyroxene, and iron-
titanium oxides, and, in places, biotite is common. Similar in field
appearance to unit Tcl, but distinguished by lack of hornblende and field
relationships that suggest flows resulted from a discrete volcanic event. At
north end of Brownie Hills, flows traversed more than 50 m of erosional
relief
Middle part—Gray to light-gray, moderately porphyritic, massive dacite
flows containing plagioclase, variably altered clinopyroxene and biotite,
hornblende, and iron-titanium oxides in a felty to pilotaxitic groundmass.
Glomerocrysts of plagioclase, hornblende, clinopyroxene, and iron-titanium
oxides common
Lower part—Gray to brown, sparsely porphuyritic, thin andesitic to dacitic
flows, flow breccias, and intercalated volcaniclastic deposits. Contains
euhedral plagioclase, altered biotite, iron-titanium oxides, and, in places,
clinopyroxene phenocrysts. Breccias and volcaniclastic debris are subordinate
in upper part of unit
Lower dacite, undifferentiated—Moderately to coarsely porphyritic dacite
flows and lava domes containing plagioclase, variably altered biotite,
clinopyroxene, minor orthopyroxene, in places hornblende, and iron-
titanium oxides phenocrysts. Includes all dacite occurrences west of the Rio
Grande. Correlation with units Tcls and Tcl, based on petrographic and
chemical similarity and on stratigraphic relationship to unit Tca observed at
Flat Top
Volcaniclastic deposits—Local accumulations of volcaniclastic debris
intercalated with flows of units Tcl; and Tck. Principally composed of
andesite to dacite clasts in matrix-supported mudflows; breccias predominate
in upper part of section. Mapped as a separate unit only in the Fairy Hills
and western Brownie Hills. Corresponds to unit Tllv of Bartlett (1984)
Lower andesite—Moderately to sparsely porphyritic andesite containing
plagioclase, olivine, and clinopyroxene phenocrysts; plagioclase xenocrysts
with sieved cores are common. Includes flows and breccias, the latter being
predominant. Near-vent accumulations of steeply dipping (as much as 25°)
spatter agglutinate and explosion breccias occur 2 km west and 1.8 km east
of Lasauses. Primary dips and indications of bedding become less pervasive
away from vent complexes, and the proportion of flow to breccia material
increases. Maximum thickness 250 m, base covered

Contact—Dashed where approximately located, dotted where concealed

—2 1 — Fault—Ball and bar on downthrown side; dashed where approximately located,;
dotted where concealed beneath younger deposits (some small deposits
unmapped). Number indicates amount of surface offset, in meters

! Strike and dip of beds
R/ Strike and dip of flow foliation

73 Trend and slope of geomorphic surface, in degrees

———x ——- Soil exposure—Indicates good exposures of calcic soils on relict surface of unit
Qao (southeast one-quarter of map area)

4l Fluvial scarp—Formed on alluvial units Qay, Qay;, Qay,, Qam, Qam;, and
Qam;,. Locally subdivides units into two terrace subunits. Hachures on
downslope side

wnnuin Landslide escarpment—Prominent vertical escarpment either at the headwall
of large landslide or within the landslide mass. Hachures on downdropped
side
Dike—Showing map unit; dotted where concealed

———« Interflow marker bed—Prominent to discontinuous lenses of eolian sediments
separating major packages of basalt flows

QI:) Collapse feature in Servilleta Formation
* Known volcanic vent location
® Horizontal basalt flow of Hinsdale Formation

Generalized location of extensive hydrothermal alteration

25.7 o Locality of sample for potassium-argon age determination—Unbracketed
(8] number is potassium-argon age; bracketed number is map number in table 1

GEOLOGIC AND TECTONIC HISTORY OF THE SAN LUIS HILLS
AND SURROUNDING AREA
MESITA FAULT
The Mesita fault is a major down-to-the-west fault that records demonstrable movement
in Pliocene(?) to upper Quaternary deposits and is the only exposed major fault that has
moved during the latest Quaternary (past 25,000 yrs) in the vicinity of the San Luis Hills. The
fault is marked by scarps ranging in height from less than 1.5 m on latest Pleistocene alluvium

MISCELLANEOUS INVESTIGATIONS SERIES
MAP [-1906

(unit Qay) to scarps as high as 8 m on the broad piedmont that surrounds Mesita Hill, in the
east-central part of the map area. The fault cuts the western flank of the cone and displaces
local basalt flows (unit Tx) 810 m. These flows are undated, but probably are coeval with
basalt of the Servilleta Formation (unit Ts) to the southwest and north. If unit Tx is Pliocene,
as suspected, then the fault seems to have had an accelerated rate of slip in the middle and
late Quaternary. The decreasing offset recorded by progressively younger deposits along the
fault demands a history of repeated movement on the fault. The morphology of scarps on the
youngest faulted alluvium (unit Qay, upper Pleistocene) suggests that the fault was most
recently active in the latest Pleistocene (this data revises an estimate of late Pleistocene by
Personius and Machette, 1984). The broad undisturbed flood-plain deposits along Costilla
Creek (units Qfp, Qfpo, and locally Qay) suggest that the fault has not been active in the
Holocene (past 10,000 yrs).

GEOLOGIC HISTORY

The San Luis Hills are the surface expression of a major intrarift horst within the central
depression of the San Luis Valley part of the northern Rio Grande rift. For most of its length,
the horst is confined to the subsurface (Kleinkopf and others, 1970); two additional surface
exposures are at Brushy Mountain and a locality 10 km to the south in northern New Mexico
(Thompson and others, 1986). At all three localites exposures are formed entirely of middle
Tertiary volcanic rocks. The San Luis Hills are bounded by undissected basin-fill sediments
of the San Luis Valley that terminate to the east at a major bounding fault system along the
west side of the Sangre de Cristo Mountains (Cordell, 1978; Personius and Machette, 1984)
and to the west through intersection with eastward-dipping middle-Tertiary volcanic and
sedimentary rocks of the San Juan Mountains.

The oldest volcanic rocks exposed in the San Luis Hills correlate with the intermediate-
composition Oligocene lavas and breccias of the Conejos Formation in the San Juan
Mountains and Tusas Mountains to the west and southwest, respectively, despite a 1 m.y.
younger age for them than reported for the 30 Ma uppermost Conejos Formation (Lipman
and others, 1970). In addition, coeval intermediate-composition volcanic and volcaniclastic
rocks in the Sangre de Cristo Mountains to the east and southeast (Lipman and others,
1986), although not specifically designated as Conejos Formation, are an extension of pre-
rift volcanism believed to be part of a once nearly continuous volcanic field extending over
much of the southern Rocky Mountains in Oligocene time (Steven, 1975). These volcanic
rocks were deposited on the post-Laramide erosional surface of the Uncompahgre Arch.
Basement rock is not exposed in the San Luis Hills, but Precambrian crystalline rocks have
been found at a depth of 1,675 m (Tweto, 1979) in a subsurface section of the horst 50 km
north of the map area. Precambrian crystalline basement is exposed in the southeastern San
Juan Mountains (Lipman, 1975) and extensively in the Tusas Mountains to the southwest.
To the east, mid-Tertiary volcanic rocks are underlain by extensive Precambrian crystalline
rocks which have been elevated as much as 2 km above the San Luis Valley floor (Lipman
and others, 1986).

Whereas intermediate-composition volcanism in the San Juan Mountains and the
Sangre de Cristo Mountains was followed by major silicic ash-flow eruptions, no such history
is recorded in the San Luis Hills. Andesitic to dacitic eruptions appear to have been followed
closely in time by subvolcanic intrusions of cogenetic plutons (table 1). Emplacement of
quartz monzonite plutons and diorite stocks was accompanied by dike-swarm intrusions
offset from the main quartz monzonitic intrusions 8 km to the northeast in the Fairy Hills.
These shallow intrusions were accompanied by extensive hydrothermal hot springs
alteration, but little mineralization of economic value (Bartlett, 1984).

Subsequent uplift and erosion of the volcanic carapace unroofed the intrusive bodies
and provided the irregular topography onto which basalts of the Hinsdale Formation were
erupted. The 26 Ma age reported for three basaltic units (Thb, Thp, and Tht) corresponds to
the oldest ages for basalts of the Hinsdale Formation in the San Juan Mountains (Lipman
and Mehnert, 1975). Although basalts of the Hinsdale Formation in the San Juan Mountains
are intimately associated with alkali rhyolites as a biomodal assemblage, no Hinsdale-age
rhyolites are found in the San Luis Hills. Additionally, the San Luis Hills assemblage of
basaltic volcanic rocks represents the largest and compositionally most diverse assemblage
of basalts in the Hinsdale Formation. The general lack of Los Pinos-age (Oligocene) basin-fill
sediments beneath or interbedded with basalts of the Hinsdale Formation suggests that the
horst may have been a topographic high within the early Rio Grande rift during the
Oligocene. Drill-hole data from the subsurface in the rift indicate a thinner sequence of Echo
Park Alluvium (Eocene) on the horst than in the downdropped eastern part of the graben
(Tweto, 1979). This suggests that the horst may have been structurally as well as
topographically high prior to the Oligocene.

After emplacement of the Hinsdale Formation and related eolian units, the area was
uplifted to form the San Luis Hills. Subsequent erosion and deposition in the.surrounding
southern San Luis Basin largely buried the older rocks. Deposition continued to fill the slowly
aggrading basin, as evidenced by at least 150 m of intercalated basalts of the Servilleta
Formation and sediments that are now exposed in the Taos gorge of the Rio Grande, 50-75 km
south of the San Luis Hills. Faunal and floral evidence from the Alamosa Formation of
Siebenthal (1910), exposed in Hansen Bluff (Rogers and others, 1985) along the east side of
the Rio Grande just north of the map area, suggests that the Rio Grande was still largely
aggrading 700,000 yrs ago. The Alamosa Formation probably correlates with the Sierra
Ladrones Formation in central New Mexico and the Camp Rice Formation of Strain (1966)
in southern New Mexico. In New Mexico, these units are considered be the youngest part of
the Santa Fe Group.

This aggradational mode changed during the early(?) middle Pleistocene, and since
then it appears that the Rio Grande has been progressively downcutting through and south
of the Fairy Hills part of the San Luis Hills. In the southeastern part of the map area, the
surficial deposits record at least five successively lower depositional levels of the Rio Grande
and major tributary streams. On the basis of similar stratigraphic and geomorphic relations
along the Rio Grande to the south, it appears that deposition of the surficial deposits is
largely related to changes in climate and in the carrying capacity of streams debouching
from adjacent mountain ranges.

West and north of the San Luis Hills, depositional regimes have been much different in
the middle and late Quaternary. Streams in this area have been primarily aggrading, so that
mainly Holocene and latest Pleistocene alluvium are exposed. The bedrock of the San Luis
Hills has been, and continues to be, an effective barrier to headward entrenchment of the Rio
Grande and streams of the Conejos River system.
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Table 1.—Age determinations of volcanic and intrusive rocks in the map area

Type of
determination
Map  and material Age Map unit and Rock - Reference Sample
no. dated (Ma) sample locality type no.
1 KAr 29.2+0.6 Tiq, stock of Quartz Burroughs (1972) KA 71-52.
(biotite). South Pinon Hills. monzonite
K-Ar 28.9+0.6 --do------------- --do-------- cedo--- e - do----- s
(biotite).
2 K-Ar 29.1+1.8 Tdb, stock in Dacite Bartlett (1984) SP-11-2.
(biotite). | Fairy Hills.
Fission track 30.9424 --do------------- --do-------- B L R T --do----- i
(sphene). .
Fission track 28.4+1.5 --do------------- --do-------- - do---c-semiiccnann --do----- :
(zircon).
3  K-Ar 28.9+1.5 Tdbh, dike in --do-----ees -- do-----memiiiimeaan SP-11-8.
(hornblende). Fairy Hills.
K-Ar 26.0+2.7 --do------------- --do-------- - do-----eereeieeaas --do----- i
(biotite).
Fission track 25.6+£1.5 --do------------- --do-------- -edO----eseeccecanan =oidOiwn = = :
(zircon).
Fission track 25.3+3.2 --do--------ec-- --do-------- - L e s=idoii= = == 2
(sphene).
4 K-Ar 25.1£1.0 Tcly (outcrop too Quanz-Alunite ==dosss=ssssparasasas SP-231.
(alunite). small to show at replacement
map scale). vein.
5 K-Ar 26.4+1.2 Thb, flow at Basalt Thompson and Mehnert  T84098.
(whole rock). ) Flat Top. (unpub. data, 1986).
6 K-Ar 26.1+£1.2 --do------------- Andesite cedo--mmmmiiee e T84150.
(whole rock).
7  K-Ar 26.0£1.1 Thp, flow at Basalt sedo---eeeciecnaaaaas T84163.
(whole rock). Pinon Hills.
8 K-Ar 25.7+1.8 Tht, flow at --do-----e-- - do-------aiiiea T84089.
(whole rock). South Pinon Hills.
9 K-Ar 4.3+0.8 Ts, block inQls at --do-------- Lipman and others 77LRG107.
(whole rock). San Pedro Mesa. (1986)
106°00 45 105°30°

37°22'30”

19

37°00°

NEW MEXICO

PINABETOSO| LA SEGITA |  UTE
PEAKS | PEAKS NE | MOUNTAIN | COSTILA

36°52'30"

INDEX TO 7%-MINUTE
QUADRANGLES IN MAP AREA

For sale by U.S. Geological Survey Map Distribution,
Box 25286, Federal Center, Denver, Co 80225




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


