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INTRODUCTION

The San Luis basin is one of a series of late Oligocene
to Pliocene extensional basins that comprise the Rio Grande

rift in Colorado, New Mexico and northern Mexico. In

general, the basins in Colorado and New Mexico are a series

of half-grabens filled with synrift sediments of the Santa Fe
Group. The asymmetric nature of the basins is evidenced by
reversals in the dip of basin fill sedimergnrift sediments

in the San Luis basin dip to the east. To the north and south,

sediments in the Upper Arkansas and Espanola basins dip to

the west (Chapin and Cather, 1994).
The San Luis basin is roughly 200 km long and 70 km
wide with Villa Grove, CO and Taos, NM situated at the

approximate northern and southern ends of the. 1).

Two half grabens are present in the northern basin, the
western Monte Vista graben and the eastern Baca graben,
separated by the Alamosa horst (Brister @nigs, 1994).

The deepest segment of the San Luis basin occurs within the

northwest-trendin@acagraben along the west flank of the
Sangre de Cristo Rangél@th andSchaftenaar, 1994).

Recent gold and petroleum exploration, conducted on
the LuisMaria Baca Grant No. §aguache County, CO show
that the northeastern San Luis basin is structurally analogous
to other basins of the Rio Grande rift. Information presented
in this paper is based on the results of geological mapping,
exploration drilling and seismic, aeromagnetic and gravity
surveys conducted in the vicinity of the Baca Grant.

LITHOLOGIC UNITS
Lithologies in the northeastern San Luis basin and
northern Sangre de Cristo Range are groupegietift and
synrift units.Prerift rocks include Proterozoic metamorphic
and intrusive rocks, Mesozoic sediments and Oligocene
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Figure 1: Location map of the San Luis basin in south-
central Colorado and north-central New Mexico, showing
the location of the LuisMaria Baca Grant No. 4 and the

San Luis gold mine. Modified from Brister andGries
(19

and Gries, 1994), have not been observed along the
northeastern margin of tiaca graben. Synrift rocks include

volcanic rocks. Paleozoic sediments, present in the Sangre dbliocene - Pliocene sediments of the lower Santa Fe Group,
Cristo Range and at the north end of the basin are most likelythe Pliocene - Pleistocene Alamosa Formation and Tertiary
present but have not been encountered in the subsurface in thstrusive rocks. Much of the northeastern San Luis Valley

vicinity of the Baca Grant. Eocene sediments of the Blanco
Basin Formation, present in the Monte Vista gral@ister

floor is covered by deposits of Quaternary alluvium and



eolian sand, which obscure outcrops of the Alamosa and Formation pinch out on the Alamosa horst. Younger ash-flow
Santa Fe formations. tuffs extend as far east as the Amoco-Mapco well which was
drilled on the east flank of the Alamosa horst. (Fig. 2).

Prerift Rocks

Proterozoic Rocks

Lindsey and others (1984, 1985a, 1985b, 1986, 1987),
Johnson, Bruce and Lindsey (1989), Johnson and Bruce
(1991) and Bruce and Johnson (1991) published a
comprehensive set of geological maps of the northern Sangre
de Cristo Range. Interlayered mafic daidic gneiss,
leucocratic granitic to granodioritic gneiss, quamnianzonite
porphyry, medium-grained quartz monzonite and minor
quartzite are the principal Proterozoic rocks in the range
(Lindsey and others, 1986). In the immediate vicinity of the
Baca Grant, biotite-rich augen gneiss, porphyritic quartz
monzonite gneiss and amphibolite are the rRagierozoic
rock types (Fischer, 1988). Chlorite, sericite and epidote are
common alteration products.

Mesozoic Sediments

A field check of color air photo anomalies and
reconnaissance geological mapping along the southwest flank
of the Sangre de Cristo Range resulted in the discovery of tw
outcrops of Mesozoic sediments, the first reported
occurrences in the basin. Subsequently, 17 of 42 gold
exploration drill holes, located close to the range front,
encountered highly faulted sections of Mesozoic sediments in
fault contact with Precambrian gneiss. Thin, highly faulted
sections of Mancos Shale were penetrated by the Baca #1 af
#2 wells located on the Baca Grant.

Cretaceous Mancos Shale and Dakota Group sandstong
and Jurassic Morrison Formation occur as rotated blocks in
the hanging wall of a low-angle, normal fault that forms the
margin of the basin. Mineral exploration drilling has
encountered up to 100 m of steeply dipping Dakota sandstone
and Morrison Formation shale, siltstone amklosic

Contour interval

sandstone. Identification of the Dakota and Morrison (‘3’35‘ 10 mGal

formations has been by examination of drill cuttings and thin 5 mi N 5\; “;; 2
section analysis of outcrop samplespalynology study of - — N o
black shale collected from exploration drill holes confirmed 5 km \ \

the presence of Mancos Shale (Groth, 1994).

. . Figure 2: Bouguer gravity map: NE San Luis basin with
Oligocene Volcanic Rocks Alamosa horst,Bacagraben andSangre de Cristo Range.

Brister (1990) summarized drill hole data from 11 oil Wells in the area include WEC. W.E. Carr: A. Amerada:
and gas wells and one geothermal well drilled in the San LuisR Reserve: C, Cougar; FWC ,F \}Viiliam &:a,rr' A-M '
basin between 1951 and 1989, Wells drilled in the vicinity of ' $ ’ P ' '

Amoco-Mapco; B1, Baca #1 and B2, Baca #2.

theBaca Grant are shownjon Figurg 2. All of the wells
penetrated Oligocene volcanic rocks that pre-date
development of the Rio Grande rift. Intermediate-composition
flows, breccias and volcaniclastic rocks of the Conejos Synrift Rocks

Formation and various ash-flow tuffs, erupted from the San

Juan volcanic field, are present in the basin. Ash flows of the Lower Santa Fe Group

Carpenter Ridge, Fish Canyon, Masonic Park and Treasure The Miocene - Pliocene lower Santa Fe Group
Mountain tuffs have been tentatively identifiedBryster comprises the bulk of synrift sediments in the San Luis basin.
(1990). The well data indicates that, in the northern portion Brister (1990), Brister and Gries (1994) and Wallace (1995)
of the basin, early andesites and quartz latites of the Conejoprovide excellent descriptions of lower Santa Fe sediments.




Composition and grain size are highly variable and depend omplugs adjacent to mineralized Proterozoic gneiss is further
source terrain, distance from source and position within the evidence that the intrusives post-date gold mineralization and
drainage system. The Baca #1 &ata #2 wells, located on  were therefore emplaced during development of the rift.

the Baca Grant and close to the present day mountain front

(Fig. 3), penetrated thick intervals of Santa Fe sediments.

TheBaca #1 well, located approximately two STRUCTURE
kilometers from the mountain front, encountered 1076 m of The geometry of the northeastern margin of the basin is
relatively uniform sediments dominated by poorly dominated by a low-angle, normal fault linked to the early
consolidated coarse sandstone, gravel and boulder stages of rifting. Benson and Jones (1990) describe a nearly

conglomerate. The Santa Fe is composed almost entirely of jdentical structure that hosts the San Luis gold deposit located
clasts derived from Proterozoic granitic gneiss (>70%) and near the town of San Luis (Fig. 2). McCalpin (1982) mapped

mafic metamorphic rocks (10-30%). Minor sandstone high-angle fault scarps in Quaternary deposits along the west
fragments (<5%) derived from the Dakota and Morrison flank of the Sangre de Cristo Range, an indication that the
formations occur in the lower portions of the section. Sangre de Cristo fault is a high-angle, normal fault separating

Boulders up to one meter in diameter were penetrated by the the mountain range from the deep basin. New data shows that
Baca #1 well. The 1558 m of Santa Fe sediments encountereghe Sangre de Cristo fault exhibits relatively little vertical

in theBaca #2 well, located 1.3 km west of the Baca #1, havedisplacement. The northeastern margin of the deep basin is a

a similar composition. Clast size in tBaca #2 well is high-angle fault located southwest of the range front, creating
generally smaller with fewer large boulders than were an intermediate fault block between the mountains and the
encountered in thBaca #1 well. Bacagraben. Movement on listric normal faults present in the
hanging wall of the low-angle structure may have controlled
Alamosa Formation deposition of the Alamosa Formation along the northeastern
TheBaca #2 well penetrated 354 m of the Pliocene - margin of the basin.

Pleistocene Alamosa Formation. In this well the formation
consists of unconsolidated, fine-grained to gravel clasts of | ow-angle Structure
granitic and mafic metamorphic rock (80-100%), light tan, The northeastern margin of the basin is a low-angle,
biotite-rich volcanic tuff (trace-20%) and black to dark normal fault that strikes northwest, parallel to the Sangre de
brown peat and wood fragments (trace-5%). At the Baca #2 Cristo Range and dips 25° - 30° southwest. Movement along
location the Alamosa Formation is distinguished from the  this structure accommodated the deposition of at least 2600
underlying Santa Fe by 1) the overall smaller grain size, 2) m of synrift sediments in the basin. Keeping with Benson and
the roundness of individual grains, 3) wood fragments and 4) Jones' (1990) description of the San Luis gold deposit, the
volcanic rock fragments. East of this location the Alamosa  structure is interpreted as a detachment-style fault that formed
includes interbedded lacustrine and volcaniclastic sedimentsduring the early stages of rifting.
volcanic ash and sandstone that contain a variety of fossils, The detachment surface is marked by a thin layer of
including avian and fish skeletal fragments, gastropods and clay gouge that is typically gray-green in color but can be a
ostracods. variety of colors depending on local changes in alteration of
the footwall. Close to the mountain front, synrift sediments

Tertiary Intrusives were deposited directly on clay gouge or a thin, highly

Synrift intrusive rocks include felsic dikes and sills and sheared zone of Mesozoic sediments. The Baca #1 and #2
mafic intrusives that occupy a variety of structures along the wells encountered thin, faulted section of Mancos Shale in the

range front. Felsic rocks containing small feldspar hangin wall of the detachment. High resolution seismic data
phenocrysts (1-2 mm) and occasionally exhibiting flow shows that beds of the Santa Fe are truncated at the fault,
banding occur in the footwall of the low-angle fault at the indicating at least minor movement following deposition.

basin margin, in high-angle structures that cut across the rangBurther into the basin, Santa Fe beds were deposited on
front and in Laramide thrust faults. Benson and Jones (1990) rotated blocks of Mesozoic sediments that form the hanging
describe similar rocks at the San Luis mine that they interpretwall of the detachment. The footwall of the detachment is
as being emplaced concurrently with development of the low-predominantiybrecciated Proterozoic gneigghanitic,

angle fault and gold mineralization. Mafic intrusives porphyritic felsic dikes and sills are present locally.
consisting primarily of coarse-grained, plagioclase and Hydrothermal alteration of footwall rocks is similar to
hornblende (Fischer, 1988) occur as small plugs, dikes and descriptions of the San Luis gold deposit by Benson and

sills. The presence of mafic siésnplaced along the Jones (1990), ranging from intense silicification to quartz-
Deadman Creek thrust is evidence that these rocks post-datesericite-pyrite and chlorite-carbonate-hematite assemblages.
Laramide thrusting. Mafic dikes also occupy high-angle Rocks in the hanging wall of the fault have not been subjected

structures that are located close to and parallel the range-fromd hydrothermal alteration.
fault, suggesting that at least some of the mafic intrusives
occupy rift structures. The presence of unmineralized mafic
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Figure 3: Geologic map of the eastern Baca Grant. Modified from geological mapping hymbach and Powell (1993).

Erosional remnants of tHeotwall breccia are present
at several locations along the west flank of the Sangre de
Cristo Rang). The breccia typically consists of sub-
angular to sub-rounded clasts of feldspar and quartz in a
chloritic matrix, resulting in a rubbly texture with little or no
foliation. Thickness of the breccia ranges from 5m to more

than 60m. Clement (1952) mapped a prominent outcrop of
chloritic breccia at the mouth of the Deadman Creek canyon
(Fig. 3) and interpreted it as part of the Deadman Creek
thrust. Thebreccia is interpreted here to be part of the
footwall of the detachment fault. The rubbly nature of the
breccia contrasts markedly with well developed cleavage



typical of sheared rocks above and below the thrust. The graben is located west and northwest of the Great Sand Dunes
close proximity of the Deadman Creek thrust to outcrops of National Monument. The northeastern boundary of the graben
chloritic breccia at the mount of the canyon indicates that the is interpreted to be a high-angle normal fault that truncates the

thrust fault is truncated by the detachment. detachment fault. Seismic profiles presentedloyh and
Schaftenaar (1994) indicate that synrift sediments of the Santa

Fe Group thicken across the high-angle fault that bounds the

The presence of a high-angle, normal fault along the deep basin. The resulting intermediate fault block is 6-8 km
front of the range is confirmed by close-spaced mineral wide. This intermediate block is similar to benches on the
exploration drilling. Vertical displacement on this structure is master fault sides of the northern and southern Albuquerque
constrained by drill data and by erosional remnants of basins described Bghapin and Cather (1994) and Russell
footwall breccia present along the range front. Outcrops of and Snelson (1994). Well data and seismic profiles across the
chloritic andsilicified breccia neabeadman Creek and Pole block show that it is not cut by major high-angle faults that
Creek can be correlated with breccia penetrated by drill parallel the mountain front. Only minor vertical displacement
holes collared southwest of the range front. At these (150 - 200 m) is evident where high-angle faults cut the
locations, vertical displacement is probably less than 60 m detachment fault within the intermediate b 4).
and certainly less than 150 m. At other locations, drill holes Aeromagnetic and gravity surveys suggest that the
collared just west of the fault and drilled to depths of 245 m intermediate fault block may be cut by a series of northeast-
did not penetrate any of the highly sheared rocks associated trending, high-angle faults. No seismic or well data exists to
with the Deadman Creek thrust that outcrop just east of the  determine if significant vertical displacements occur in the

range front. Vertical displacement along some segments of strike direction.
the range front clearly exceeds 250 m. Mapping by Wallace (1995) along the west flank of the

Intermediate Fault Block Culebra Range near San Luis identified a series of northeast-
Regional seismic, gravity and well datéu(th and trending faults that juxtapose Santa Fe beds with Proterozoic

Schaftenaar, 1994; Brister and Gries, 1994; Davis and gneiss and Oligocene volcanics. This area may provide a

Keller, 1978) document that the deepest part of the Baca structural analogy for the intermediate fault block west of the

Sangre deCristo Fault
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Figure 4: Geological cross section across that part of intermediate block confirmed by drilling. TQAlamosa Formation;
Tsf, lower Santa Fe Group; KJ, Mesozoic sediments; Tbx, low-angle fault brecciXmg, Proterozoic gneiss.



Sangre de Cristo Range, particularly in the strike direction. of the basin limits displacement on some segments of the
Sangre de Cristo fault to less than 60 m. An apparent dip
Listric Normal Faults slope that generally conforms to the dip of the detachment
Sediments of the Santa Fe Group deposited above the fault is present on a number of mountain ridges of the Sangre
detachment fault are cut by a series of listric normal faults thatle Cristo Range located in the vicinity of the Baca Grant and
tend to merge with the detachment. East oBthea #2 well, the Great Sand Dunes National Monument. This dip slope,
theAlamosa Formation is faulted against coarse conglomerateombined with seismic and well control across the
of the Santa Fe along one or more faults that do not offset the intermediate fault block, indicates that as much as 6 km of
underlying detachment by a corresponding amount (Fig. 4). vertical displacement previously assigned to the Sangre de
These structures are interpreted as listric faults that formed irCristo fault can be accounted for by the dip of the detachment
the hanging wall of the detachment after the deep basin fault. Much of the remaining displacement is taken up by the
developed. high-angle fault located at the western edge of the
intermediate fault block.
The geometry of the basin margin suggests that low-

DISCUSSION angle, detachment style faults characterize early rifting.
The discovery of Mesozoic sediments and new Continued development of the rift transferred movement to
information regarding the geometry of the basin margin high-angle faults that cut the detachment, creating the

require modifications to existing geological interpretations of intermediate fault block and a thicker section of synrift
the northern San Luis basin/ Sangre de Cristo Range area. Sediments in the deep basin. Movement was subsequently
Preservation of a Mesozoic sedimentary section in the basin transferred to a series litric normal faults in the hanging
has significant implications for the tectonic history of south-  Wwall of the detachment. Movement along these faults
central Colorado and the natural resource potential of the Saf@ccommodated deposition of the Alamosa Formation and
Luis basin. Modifications to the geology of the basin margin €ventually placed unconsolidated, fine-grained sediments of
illustrate that the San Luis basin is structurally similar to the the Alamosa against coarse conglomerates of the Santa Fe.
northern and southern Albuquerque basins of central New
Mexico.

The full extent of Mesozoic sediments preserved in the ACKNOWLEDGEMENTS
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sandstones and Morrison Formation sediments. Widespread,interpretation for the northeastern San Luis basin through
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Shale is present.
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