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Plate 1: Geologic Map of the Western Flank of the
Sangre de Cristo Range Near Crestone, Colorado
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Bingham eigenvectors; all stations:
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e, (256, 53): 0.1521
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CONTACTS, FAULTS, & SHEAR ZONES SURFICIAL DEPOSITS SYMBOLOGY o
ALLUVIAL, EOLIAN, & MASS WASTING ] e

Alluvium (Holocene)—Unconsolidated, polymict alluvial deposits, generally in
Qal washes. Found throughout the map area.

9750 Xga . s
\ x : A N /] Jeesi/ [ /74,

Contact Protomylonite to mylonite; original petrology

— — — Contact, approximate

Eolian sand dunes (Holocene)—Deposits of windblown sand found in sheets

— — —? Contact, questionable QeS and dunes along the range front near the southwest edge of the map area.
Locally appear in thin fingers extending to over 300 m above the valley floor.

Talus (Holocene)—Deposits of variably sized cobbles and boulders that
mantle and collect below steep slopes. Common above timberline in the map
area. CORRELATION OF MAP UNITS

Rockfall deposits (Holocene)—Mass wasting deposits dominantly composed

%
3
o Qrf of boulders. o )
13250 —— Brittle-ductile shear zone boundary Surficial deposits

********* Contact, concealed Qt

-------2  Contact, concealed & questionable

Landslide deposits (Holocene)—Deposits of rock, mud, and debris created . Alluvium Eolian sand Mass wasting deposits

— — — Brittle-ductile shear zone boundary, approximate QlS by mass wasting events. Identified in the field, with extents primarily mapped
via DEM. Holocene Qal Qes Qt Qrf Qls

— — —7? Brittle-ductile shear zone boundary, questionable GLAC|AL & G LAC|OFLUV|AL

Alluvial fan deposits of Pinedale glaciation (late Pleistocene)—Poorly- — Fan deposits  Glacial lake deposits Till

N
@
--------- Brittle-ductile shear zone boundary, concealed pr sorted alluvial deposits presumably dating to Pinedale glaciation. Fans largely :
. . Pinedale
delineated using DEM. glaciation

Q05

Qpf Qpl Qpt
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Qbf
-------2 Brittle-ductile shear zone boundary, concealed & questionable Glacial lake deposits of Pinedale glaciation (late Pleistocene)—Silty-clayey

Qpl sediment found in an ephemerally marshy area bounded by Pinedale lateral
and terminal moraine deposits along Willow Creek. Contacts identified in field Pleistocene Qppf

—— Normal fault and extended based on DEM.

) Till of Pinedale glaciation (late Pleistocene)—Deposits composed of poorly
— 7 — Normal fault, approximate th sorted to unsorted pebble to boulder sized polymict clasts within silt-clay matrix. glglcl:i:?iléi
Generally found in clear moraine deposits with sharp crests. Thoroughly
--=-1===- Normal fault, concealed described by Lindsey et al. (1986), McCalpin (1981), and Ruleman and Brandt
(2021); contacts identified in field and extended based on DEM. Bedrock

Qbf Qbt

Poles to [Pm slaty cleavage
(0=5)

Pre-Pinedale alluvial fan deposits (middle-late Pleistocene)—Deposits of
poorly-sorted sediment composed of polymict boulders within brown-tan
colored sand-silt matrix. Found overlying Bull Lake fan deposits along the
range front in the NW quadrant of the map area; classification after Lindsey et
al. (1986). Extent largely determined via DEM and color in satellite
orthoimagery.

— Ultramylonite Intrusive units

-+--1---? Normal fault, concealed & questionable
Qppf

Tcm Tr

Age unkown;
presumed Tertiary

EE (-

=T T Normal fault scarp

Paleogene

Tt Normal fault scarp, questionable

Alluvial fan deposits of Bull Lake glaciation (middle-late Pleistocene)
5}\ N | fault imat Qbf —Dissected glacial fans of poorly to well-stratified sand, silt, and pebble- L
T T Normaftault scarp, approximate boulder-sized clasts (Lindsey et al., 1986; McCalpin, 1981; Ruleman & Brandt,
2021), variably onlapped or cut by younger glaciofluvial and alluvial units.
Mostly delineated via DEM.

Sedimentary section

[PPsc

Permian

7‘%‘00 TTTT 7 Normal fault scarp, approximate & questionable
Till of Bull Lake glaciation (middle-late Pleistocene)—Unsorted deposits of
th till and sub-rounded to angular, surficially weathered boulders (largely of the [PPsl
Sangre de Cristo Formation) in apparent moraines with gentle crests along the .
] Z range front and up some valleys. Most exposures have been linked to the Bull J0|ntS
A % — v — Thrust/ reverse fault, approximate Lake glaciation by previous workers (Lindsey et al., 1986; McCalpin, 1981;
Ruleman & Brandt, 2021). Better preserved at higher elevations along
2\ drainages, thoroughly dissected where cut by streams. Contacts identified in
---w--- Thrust/ reverse fault, concealed field and extended based on DEM.
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——v— Thrust/ reverse fault
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Poles to joints in basement units
(n=98)
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Pennsylvanian

B3 —
---w--“? Thrust/ reverse fault, concealed & questionable L

R //// 14000
MYLONITIC

T @\
762 o BT T
Y e PPN Chloritic mylonite (Late Cret to early Pal ?) and Lat
P 7 L N // oritic mylonite (Late Cre aceous to early Pa e_qgene(.)_an ate
- B Tcm Oligocene to Early Miocene)—Chlorite-quartz-sericite mylonite to
= N -, . R . :
' % O S ultramylonite found within brittle-ductile shear zones in the map area. Well-
F I—D lineated and foliated, commonly with S-C-C' fabrics that primarily record top-
SW (normal-sense) shear with local top-NE (thrust-sense) shear. Derived
$ primarily from comminution and alteration of Proterozoic amphibolite-rich shear

Antiform zone host rock.

Map boundary
M
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Ordovician Mississippian

AP UAF S Unconformity AuRe e U AU A AL USRS AU

———- Antiform, location inferred PALEOGENE VOLCANIC & INTRUSIVE

$ Rhyolite dikes (Late Eocene to Oligocene)—White to light gray, leucocratic,

Poles to joints in Tertiary
intrusive units (i.e., Feg; n=3)

——?--  Antiform, questionable Tr aphanitic to porphyritic felsic dikes, likely rhyolite or leucogranite. Crosscut Yqm
Paleocene--Oligocene units and structures. U-Pb zircon dating of rhyolitic
"felsite” in Deadman Creek by HolIm-Denoma et al. (2019) suggests Late |

—*— Synform Oligocene (~27 Ma) crystallization for some dikes.
Xcgm

Andesitic dikes (Late Oligocene?)—Dikes of dark gray to greenish brown
-— * ———- Synform, location inferred aphanitic to porphyritic andesite to basaltic andesite, with um-scale plagioclase Gneissic rock |ndependence Mine shear zone (| MSZ) Non-IMSZ shear zone
laths interstitial to varying proportions of hornblende and biotite. Locally with L. L. . . . .. . .
Xafe || Xea mylonitic foliation and lineation mylonitic foliation and lineation

mm-scale phenocrysts of biotite, altered to chlorite. As noted by Clement
(1952), possibly genetically related to local intrusions (i.e., Ft.g and/or Td). ;

Middle
Proterozoic

Early
Proterozoic

—_ * — =7~ Synform, questionable

Gabbroic intrusions (Late Oligocene)—Intrusions of greenish-dark-gray,
ophitic gabbro, commonly with megacrystic plagioclase feldspar. Generally
heavily metasomatically altered. Dated via zircon U-Pb LA-ICP-MS

STRU CTU RAL OR'ENTAT'ON SYMBOLS geochronometry to 25.57 + 0.74 Ma; pooled ZFT age of 26.7 +3.6/-3.2 Ma.

) Diorite intrusion (Late Oligocene?)—Gray-brown, unfoliated dioritic intrusion
% Bedding Td identified between Copper Gulch and Spanish Creek. Texturally quite similar to
Rg (ophitic with megacrystic plagiclase), but with a more felsic composition
(i.e., more quartz and less hornblende + biotite). Interpreted to locally intrude
along the Crestone thrust.

| PALEOZOIC SEDIMENTARY STUDY AREA LOCATION;
Bedding, overturned Crestone Conglomerate member of Sangre de Cristo Formation PREVIOUSLY MAPPED 7_5“ QUAD RANG LES

[P PSC (Pennsylvanian-Permian)—Reddish-gray to maroon interbedded sandstone

and cobble-boulder conglomerate. Clasts are mostly quartz-monzonite, with Lineation
subordinate syenite > amphibolite. Beds are mostly overturned and dip (n=29)
moderately to steeply to the S-SW. Upwards of 700 m of section exposed in the
map area.
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Gneissic foliation [P P | Lower member of Sangre de Cristo Formation (Pennsylvanian-Permian)

—Wedge of overturned red-gray to maroon, quartz-rich fine-grained sandstone .
= to pebble-cobble, generally matrix-supported conglomerate, apparently variably Rito Alto Peak| Horn Peak
Gneissic foliation, vertical bounded on one or both sides by splays of the Crestone thrust. Forms cliffs . )
between Copper Gulch and the northern end of the study area. These rocks Shear zone orientations
have been tentatively identified as the Lower Sangre de Cristo Formation, as
mapped by Lindsey et al. (1985) further to the north.

Upper member of Minturn Formation (Pennsylvanian)—Red-gray
o . [Pm u interbedded siltstone and sandstone, polymict pebble conglomerate, and C O
Mylonitic lineation sparse gray limestone. Separated from finer-grained Pm by a band of red

phyllite with SW-dipping cleavage, interpreted as a thrust splay. Lithology

matches the upper 300 m of the "Upper Minturn" member from Lindsey et al. Creston
(1985). Near the northeast corner of the map area, it appears to grade into the
% Lower member of the Sangre de Cristo Formation along an interpreted contact
) approximately coplanar with the one mapped by Lindsey et al. (1985) to the

+ northeast.
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Poles to orientations of IMSZ
non-IMSZ shear zone

segments; calculatec
via 3 point problems

|

Mylonitic foliation
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estone Peak

Aligned-mineral lineation
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Joint

Minturn Formation (Pennsylvanian)—Gray to maroon shale, siltstone,

. ) [Pm sandstone, pebble conglomerate, and slate-phyllite exposed in an internally
Joint, vertical faulted wedge bounded on both sides by splays associated with the Crestone
thrust. Lithology likely corresponds to the (Minturn) “quartzose red-beds” of
Lindsey et al. (1985). SW-dipping slaty to phyllitic cleavage, defined by aligned
sericite, is increasingly well-developed approaching the wedge-bounding
thrusts.

Qbf

Minor fault plane

Poles to mylonitic
foliation; all shear zones

Mylonitic lineation; (n=144)

Leadville Formation (Mississipian)—Gray-tan, well-bedded dolostone,

Minor fault plane, vertical Ml variably exposed within an overturned, fault-bounded sliver. Lower contact with all shear zones (n=64)
' the Harding Formation is likely unconformable. Metasomatic Fe-oxide

mineralization along upper contact with the Minturn Formation suggests a

faulted relationship. One possible (sub-map-scale) outcrop overlying the

Harding Formation below the Deadman Creek thrust. FUNDING

Oh Harding Formation (Ordovician)—Buff- to light-gray, cliff-forming, fine-grained
uartz arenite, exposed as a sliver in the Crestone thrust in the northeast of the . ) . . .
Epidote vein(s) ?nap area and in ap~18 m outcrop below the Deadman Creek thrust. At Work on this project was supported by grants from the USGS EDMAP Program (award # G21AC10493) and from the National Science Foundation (award # 2115719).
\\500 Deadman exposure, capped by a ~2 m bed of darker gray quartzose sandstone
with minor (~2%) aligned muscovite defining an incipient penetrative foliation.
Apparently unconformably overlain by the Leadville Formation.
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REFERENCES
PROTEROZOIC INTRUSIVE Previous maps of area; references for unit identification:

Quartz Monzonite (Mlddle Proterozoic)—Quartz-monzonite dominated rock, ) )

qu generally with Xqfg and Xga interleaved on a cm to m scale; contacts mapped Clement, J.F., 1952, The Geology of the Northeastern Baca Grant Area, Saguache County, Colorado [M.S. Thesis]: Colorado School of Mines, 129 p.
here Ygm h itional majority. Ch i i

\(’)Vrtt?(r)?:lage fel?jzpf:rn;a?js;wt::: \Zfij';t::;Xdgvglf:é?jnéeligt?gnmsazzg:tﬂ;nd within Holm-Denoma, C. S., Caine, J. S., & Pianowski, L. S. (2019). U-Pb zircon data for: The Poncha Pass and Deadman Creek areas, northern Sangre de Cristo Mountains of south-central Colorado [Data set]. U.S. Geological Survey. https://doi.org/10.5066/P96HNSNL

ts(?tehaé znghsért:Sdrggli):‘str?gen:ggn;?gab%g;ott)zr?élﬁg:ﬁggt;vnﬁs-ttlf;?\;l)j;?;glsosse Jones, J.V,, Ill, and Connelly, J.N., 2006, Proterozoic tectonic evolution of the Sangre de Cristo Mountains, southern Colorado, U.S.A.: Rocky Mountain Geology, v. 41, p. 79-116, doi:10.2113/gsrocky.41.2.79.

Pluton (i.e., Jones and Connelly, 2006).
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Leonard, E.M., Laabs, B.J.C., Plummer, M.A., Kroner, R.K., Brugger, K.A., Spiess, V.M., Refsnider, K.A., Xia, Y., and Caffee, M.W., 2017, Late Pleistocene glaciation and deglaciation in the Crestone Peaks area, Colorado Sangre de Cristo Mountains, USA — chronology and paleoclimate:
Quaternary Science Reviews, v. 158, p. 127-144, doi:10.1016/j.quascirev.2016.11.024.

Crestone Quartz Monzonite (Early Proterozoic)—Pinkish-white phaneritic

chm rock with ~35% K-feldspar, subequal plagioclase, ~25% quartz, and ~5% biotite
(£ hornblende). Primary stock intrudes host rock gneisses at northern end of

map area; dikes and smaller bodies appear within ~500 m of main stock. A

probable solid-state (Jones and Connelly, 2006) foliation defined by elongate

quartz and aligned biotite is clearly visible and generally runs parallel to host- Magnani, M.B., Levander, A., Erslev, E.A., Bolay-Koenig, N., and Karlstrom, K.E., 2005, Listric thrust faulting in the Laramide front of north-central New Mexico guided by Precambrian basement structures: Washington DC American Geophysical Union Geophysical Monograph Series, v. 154,

rock gneissic foliation. p. 239-251, doi:10.1029/154GM17.

Lindsey, D.A., Johnson, B.R., Soulliere, S.J., Bruce, R.M., and Hafner, K., 1986, Geologic map of the Beck Mountain, Crestone Peak, and Crestone quadrangles, Custer, Huerfano, and Saguache counties, Colorado: Miscellaneous Field Studies Map Report 1878, doi:10.3133/mf1878.

Lindsey, D.A., Soulliere, S.J., Hafner, K., and Flores, R.J., 1985, Geologic map of Rito Alto Peak and northeastern part of Mirage quadrangles, Custer and Saguache counties, Colorado: Miscellaneous Field Studies Map Report 1787, doi:10.3133/mf1787.

McCalpin, J., 1981, Quaternary Geology and Neotectonics of the West Flank of the Northern Sangre de Cristo Mountains, South-Central Colorado, doi:10.13140/RG.2.2.25742.77129.

PROTEROZOIC GNEISS
Quartzo-feldspathic gneiss (Early Proterozoic)—Rock dominated by Ruleman, C.A., and Brandt, T.R., 2021, Surficial geology of the northern San Luis Valley, Saguache, Fremont, Custer, Alamosa, Rio Grande, Conejos, and Costilla Counties, Colorado: Scientific Investigations Map Report 3475, doi:10.3133/sim3475.
qug intermediate to felsic gneiss with variable quartz, K-feldspar, and plagioclase
content. Compositional foliation generally parallels densely (cm- to m-scale) Basemap mateﬂals:
interleaved layers Of Xga gneiss. Locally with varlably-3|zed |ntru3|9ns of Yqm OpenStreetMap contributors, 2017, Planet dump retrieved from https://planet.osm.org:
parallel to compositional foliation. Intra-basement unit contacts delineate areas
of Xqfg map-scale compositional plurality. Compositional foliation is generally U.S. Geological Survey, 2014, 3D Elevation Program 1 Arc Second (published 20211208), accessed March 2, 2022 at URL https://www.usgs.gov/the-national-map-data-delivery
well-developed, but rock locally appears lightly strained with very subtle
foliation.
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U.S. Geological Survey, 2019, 3D Elevation Program 1 meter DEM (published 20211124), accessed March 2, 2022 at URL https://www.usgs.gov/the-national-map-data-delivery
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U.S. Geological Survey, National Geospatial Technical Operations Center, 20220512, USGS Topo Map Vector Data (Vector) 38017 Rito Alto Peak, Colorado 20220512 for 7.5 x 7.5 minute Shapefile: U.S. Geological Survey.

Gneissic amphibolite (Early Proterozoic)—Gneiss dominated by mm- to cm-
Xga scale compositional bands with high hornblende + biotite content. Measured
foliation planes are of compositional banding, which is parallel to a primary
penetrative foliation defined by aligned hornblende and micas. Closely (cm- to
m-scale) interleaved with Xqfg and locally intruded by Ygm parallel to foliation; U.S. Geological Survey, National Geospatial Technical Operations Center, 20220511, USGS Topo Map Vector Data (Vector) 10712 Crestone Peak, Colorado 20220511 for 7.5 x 7.5 minute Shapefile: U.S. Geological Survey.
unit contacts delineate areas of Xga map-scale compositional plurality.
Pervasively deformed with isoclinal folding and two additional penetrative
foliations apparent in thin section. Metasomatic alteration (i.e., hornblende to
chlorite) ubiquitous but generally mild. Locally contains tourmaline megacrysts.

U.S. Geological Survey, National Geospatial Technical Operations Center, 20220512, USGS Topo Map Vector Data (Vector) 10711 Crestone, Colorado 20220512 for 7.5 x 7.5 minute Shapefile: U.S. Geological Survey.
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