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DESCRIPTION OF MAP UNITS QTa | Old alluvial deposits (early Pleistocene? and Pliocene?)—Pale-tan, pale- Proterozoic clasts, but in some exposures no noticeable difference in overlain by deposits of the Dry Union Formation. No radiometric ages PALEOZOIC SEDIMENTARY ROCKS young as ca. 1,398 Ma (see table of U-Pb data). Other samples yield proterozoic age. Similar basement rocks also form (1) the upthrown footwall block of the core of the Poncha mountain block, whereas the brittle structures affect rocks and Gravel and sand deposits are abundant in the map area, particularly along the
[Volcanic rock names listed in the unit descriptions below are based on geochemical data olive-b.rown, pale-gray, and ocher, friable, massive tq crudely stratiﬁed, degree of rounding exists. for different cla.st compositions. Gravels/ ?wailable'for Bear Creek 'VOICElIli("/ rocks', but their similarity 'to other Pzc Carbonate rocks (Paleozoic)—Dark-gray, thin-bedded carbonate zircon SHRIMP, common Pb-corrected, 2’Pb/**Pb weighted average southern Sawatch Range along the west border of the map area, (2) a smaller fault- deposits of all ages located throughout the map area. northern p?edmont and Sputh Arkansas River ﬂoodplaip (compare with Van Alstine,
from volcanic rocks sampled in the map area and the classification scheme of Le Bas and z?nd, ilit}’ sand, graVellyCSIand, san(;ly gravell, and Seldlmentiry brelccla. conglomerates 'fmd breccias are both matrix- and .clast.—suppo.rted. Larger 1nterm§d1ate lavas in region str'atlgraphlcglly below Dry Union sedimentary rocks (limestone?) of uncertain Paleozoic formational ages 0f 1,735.5+7.2 Ma and 1,729.4+5.7 Ma (P.remo and Moscati, 2019; bounded blqck near the southwest corner of the map area, and (3) the southwestern Geologic structures in the Proterozoic basement rocks include major north- to 1974). Pleistocene alluvial fan grgvels are currently being extracted at a large quarry
others (1986). Phenocryst abundances listed in volcanic unit descriptions are based on rg;/f ensgks,lcomm((l)rllj. 1Zsts pre1 ominantly ar;g;,u aruto ju .aniru ar elongate c.lasts in gravels and cqnglomerates are imbricated in place:. qumahon '(for example, Conejos Formation lavas) sgggest they are early identity. Rocks cut by numerous fractures and small-displacement faults. their samples WRP 03—8 and SAG—47, respectively) Arkansas Hills along the northeastern border of the map area. northwest-trending, generally upright, tight-to-open antiformal and synformal folds of the located about 1.5 km south of Salida.
visual estimates from one or more thin sections. Name classifications for both loose PEDYIEs, CODBIES, an 0(;1 ers as Oﬁg as Skm. © (1ca y ce rlre des cl Several thin (10-50 cm), consp 1cuous!y .whlte—to—pale—gray, air-fall(?) Ohgo'cene 1N age. Volcamc' rocks of Bear Creck previously mapped as Exposed only in westernmost part of map area in upper Droz Creek The metavolcanic and metasedimentary units consist of interlayered gneissic and penetrative foliation. These folds are derived from foliation measurements (n=1,050) Geothermal water issuing from the previously mentioned Poncha Hot Springs is
sediment (for example, sand) and their lithified equivalents (for example, sandstone) are Prztfrosz intrusive 3:11. metamogp ic roc fS:rraf.e y umlt includes kC aStZ ash tuff layers or lenses exist in subunit in northwest, north, and andesite at Waugh Mountain by Taylor and others (1975). The following drainage on east, downthrown side of south Sawatch fault, Carbonate INTRODUCTION schistose rocks dominated by metarhyolites, metadacites, metagraywackes, metapsam- concentrated in the west, southwest and central parts of the Poncha mountain block where currently being diverted through pipe to Salida where it provides hot water for the city’s
listed together (separated by a forward slash, for example, sand/sandstone) in the descrip- and loca n;ononpct sedimentary reccias o ertiary volcanic rocks an nor“.cheast Parts of map area. Two such. tuff laye.rs have yielded Mlocen§ lavas of unit are separately mapped: rocks either represent large allochthonous block translated from adjacent This report presents a 1:24,000-scale geologic map, cross sections, and descriptive mites, quartzites, metapelites, and amphibolites. The mineral assemblages in the quartzo- exposures allowed for structural observations. One of the better-exposed basement folds public pool.
tions below for the variably lithified Tertiary sedimentary map units] Paleozoic(?) sed1menﬁary rock.s. Unit commonly forms soft, sandy, silty, radiometric ages (see general Dry Union description above). Mammalian - Phyric trachyandesite lava— Purple-gray (weathered), gray (fresh), Sawatch fault escarpment or rooted down-dropped block of Sawatch and interpretative text for the Poncha Pass area in central Colorado. The map area is feldspathic and amphibolitic rocks are consistent with dynamothermal, amphibolite facies, is a north-northeast-trending antiform that has an axis coincident with the canyon of

and locall.y grussy soil. D.ep051ts are typlcally poorly exp0§ed, mantled vertebrate fossils of Miocene and questionable Pliocene age are scattered vesicular, conspicuously porphyritic trachyandesite lava flow. Phenocrysts fault system. Thickness unknown irregular in shape, covering all of one 7 %' quadrangle (Poncha Pass) and parts of five and sillimanite zone metamorphism. Evidence for a second episode of local amphibolite- lower Poncha Creek. Complex, outcrop-scale folds are observed particularly where there REFERENCES CITED
A by colluvium, and underlie strongly dissected uplands having steep throughout subunit. Local concentrations of fossil wood fragments and L . . ’ ’ . . . . - ~ ~ - - - . -
SURFICIAL DEPOSITS : , : : . Al . . consist of plagioclase (about 25 percent), tabular clinopyroxene (about others (Mount Ouray, Maysville, Salida West, Salida East, and Wellsville). The map facies metamorphism consists of euhedral amphiboles and micas that consistently cut the are rock competency contrasts, such as between units YXvs and Xam. There is little
MANMADE slopes strewn with float blocks derl.ved from unit. Old alluvial dePOSItS lqgs also pr.esent. Subunit inferred to have been d;posﬂed as proximal to 15 percent; readily visible on weathered surfaces), Fe-Ti oxides (about BASEMENT METAMORPHIC AND INTRUSIVE ROCKS boundaries were drawn to cover all of the “Poncha mountain block,” our designation for dominant foliation at moderate angles. Stratigraphic relations among these units are not evidence of refolding in outcrops; however, at the map scale, it appears there may be Abbey, A.L., Niemi, N.A., Geissman, J.W., Winkelstern, I.Z., and Heizler, M., 2017,
present on northern, dgwnthrown s.1d.e of Poncha fault along margin of distal alluylum sourced both from nearby moyntaln block(s) cored by 7 percent), and rare, strongly altered biotite. Phyric trachyandesite lava ) . . . . the approximately 15-kilometer-long northwestern end of the Sangre de Cristo Mountains. generally mappable. A contact of uncertain origin is apparent in the well-exposed lower refolding consistent with northwest-southeast shortening, as also observed regionally Early Cenozoic exhumation and paleotopography in the Arkansas River valley,
dg | Disturbed ground (Holocene)—Areas of human ground disturbance, including northern range-front piedmont. Unit inferred to have been deposited as Proterozoic basement rocks and from more distant volcanic terrane(s). flow likely overlies andesitic lava (subunit Ta). Flow about 10 m thick - Pegmatite (Mlesotpro;erdqzm.c')_nghtt'.:o?fd’ T nonf()halted’ . The map conveys the areal distribution of (1) Proterozoic basement rocks forming the canyon reaches of the west side of Poncha Creek. The rock assemblage below the contact (compare with Kellogg and others, 2008). Flattening fabrics are dominant throughout southern Rocky Mountains, Colorado: Lithosphere, v. 10, no. 2, p. 239-266,
quarries, excavation pits, and surface grading. Unit mapped just south of pr9x1ma1 alluv1a¥ fans and rock-avalanche deposits shed f rom the . Subunit mapped in s.01.1tI.1west, west, n(?ﬂhwest, north? and northeast parts - Trachyandesite 1 G icul 1 hyric trachyandesite 1 cqr(;lmond}rl by 1pping, plegma red .es' yfncahy, szvlera me ers core of the Poncha mountain block, (2) overlying Eocene and Oligocene volcanic rocks, is dominated by metavolcanic and metasedimentary units and the assemblage above it is the folded basement section. Flattening is particularly evident in gneisses and schists accessed May 21, 2018, at https://doi.org/10.1130/L673.1.
city of Salida, Colo., in vicinity of large gravel quarry operation adjacent mountain footwall blqck of the Poncha fault as it was uphfted of map area, yvhere it is intercalated Wlth and grades into the other Dry r;c yaél esi de ava— raif, \lflesllcu ar, nli:.ar y aphyric ;acf ylan 'eS11 e lava wide, and less commonly as larger, more irregular-shape intrusive (3) Miocene and younger basin-fill deposits, (4) Quaternary surficial glacial and alluvial dominated by nondescript gneissic rocks of unknown protolith. However, the contact is not containing conspicuous (up to fist-size) sillimanitic porphyroblasts that are symmetric, Behre, C.H., Jr., 1933, Physiographic history of the upper Arkansas and Eagle Rivers,
e . and exhumed. Part or all of unit may be temporally correlative with Union subunits throughout the full stratigraphic range of formation. ow. Groundmass coarsely holocrystalline, composed of plagioclase bodies. Feldspars are chunky, fist-sized and larger, commonly cuhedral deposits, and (5) faults and folds affecting all of the above units. The Poncha mountain exposed on the east side of the canyon and thus was not mapped. The thick (>500 m) layer parallel, and form oblate spheres. Some amphibolite units show local evidence of Colorado, The Journal of Geology, v. 41, no. 8, p. 785-814.
i Artli;l{c}ﬁlc?l; (}11-1'0]0ce?1f)7§marltl e?rthen dam crossing channel of Round dlamlgton unit (QTd). Maximum preserv ed tthkne§S about 150 m. Estimated maximum thickness of polymict deposits 22,000 m gabout 80 ple;rcelnt) ’ Fe:ﬂl (l)x.l:iiels (abﬁut l(.) Il)ercent) ’.al,ld b10t11t§ (a})bout crystals.; many are p erth1t1c: Quartz is generally.clear to slightly smoky, block, which lies within the Rio Grande rift, is topographically and geologically distinctive. section of penetratively foliated metavolcanic and metasedimentary rocks is intruded by a shear, such as asymmetric porphyroblasts, but evidence for thick, widespread, ductile Bickford, M.E., and Boardman, S.J., 1984, A Proterozoic volcano-plutonic terrane,
1 Lulch mn southwest part ol map area Bepisllti.PfeVllg;lgly H?I%P"? as ]gryt}?mm;;;;n]a)tlon, ippeftpaﬂ b}(’i R Proterozoic-clast deposits—Tan, pale-brown, pale-olive-gray, and ocher, m?fé?fﬁt)frairﬁgaii};%teal:\1/aaf'l’ov\z/ltstr:isglia;if;rﬁ;lggﬁliZee;)tgierf ( )about Elel:rtiip1fiasltl-};ilzlletgrt%g?)\lf;o‘xf]gﬁlf:écrlz{)?; sscii/ailt)ehizc g;zlll;tea.uiiosilyrarel Generally, the Rio Grande rift is internally characterized by subsided structural basins or complex of mafic to intermediate stocks, plugs, and dike swarms in the central and shear zones with large-displacement in the basement rocks is largely absent in the map Gunnison and Salida areas, Colorado: Journal of Geology, v. 92, no. 6, p. 657-666.
TRAVERTINE an Als 1fn]§ ( U .) anF aylor an (;1 hers ( ; )- ePE?I $ no mapp(la friable to well-consolidated, massive to well-stratified, interbedded silty 15 m) inéerval of tuffaceous (palagonitic?) sediments that, in turn, overlie 1 gl to lieht blue bervl crvstals. P " try. . ) Y 1 y grabens and subdued, low-relief topography rather than elevated mountain blocks. The southeastern parts of the Poncha mountain block. These intrusive rocks vary greatly in the area. Lineations are dominantly formed by foliation and compositional layering Boardman, S.J., 1986, Early PfOteTOZOIC bimodal volcam.c TOCkS in central Color.ado,
- T tine d it ¢ Pal laminated t . as partfo :y nlont. ormaF:(;n nt 1zrelp 9rt tglet tg 1{[ l?ultgltlﬁ alrsgu ar sand/sandstone, sand/sandstone, pebbly sand/sandstone, sandy gravel/ dacitic lava (subunit Td) FIO\I:V ab%)ut 15 m thick ’ ’ Zr)?aos,e((:l e:r (::a;gto crcll;cir;]l lc(ftylfe? Iioti%?ziilceulnnitzu:;m:)ss::leirrenz; intrarift, topographically high Poncha mountain block spans the axial part of the rift and d.eg.ree to wh?ch they are foliated,.lineated, and recrystallized, wh.ich probably rt?ﬂects the intersections with joint and rock-face surfaces. Other linear features, such as rodding or USA, Part [—Petrography, stratigraphy and depositional history: Precambrian
ravter m:t' ep(;)s1 S (tQ‘;j‘ el’ﬁal’)’)T. a e-gtr)ay, a;nlrkl)a :13 (1>( It{laSSlVe,t %ngon grrnl y:epara éndg ulil ronli u(ill criying tite l'ilr? ZO d ¢ dry ted conglomerate, gravel/conglomerate, and sandy sedimentary breccia. Rare ' - N N arepa an(’i rrI:: be associated with other 1 4-billion vears (pi a-annump separates the low-lying basins of the west-tilted upper Arkansas River half graben and timing of their emplacement'relatlve to metamorphism and assomateq deformation. minor outcrop-scale fold axes, are rare in the Proterozoic rocks. Research, v. 34, no. 1, p. 1-36. ' . . .
Frave llf}e ePOS;tSI- OCZ (}1’ 00(111 anllls su gngu ar de roc 1 ragmer%ds. . Iilon ?glna];m, Sn' ue to markedly more consolidated and indurate interbeds and intervals of laminated sandy silt and mudstone. Clasts - Trachydac1t.1c lava—Pale—purple-gray, porphyrltlc dacitic (transitional Ga) > . matit}(]es sbserved fhroushout San. e de Cri};to M oguﬁtains (f0; east-northeast-tilted San Luis half graben. These distinctive aspects of the Poncha Il'ladfaquate exposure re§ults in poorly defined map-scale contact relat}ons, exacerbated by Only one known major fault, the northeast-striking Sand Gulch fault, cuts through Brown, P. J., and Grauch, V. J., 2019, ngh resolution aeromagnetlc survey, Villa Grove,
Qﬁs 1nea;, gya 1}1’ e;o E ag Pco Eps;I ,t I;IOU:II complex coinciden nature of the Dry Union predominantly angular to rounded pebbles, cobbles, and boulders as long tra@ydamte—trgchyandes1te compos1t10nally) .lava flow. Phenocrysts exarrI: ﬁ: Tones and Commell ZgOO6' Fridfich and others, 2012) mountain block were the primary motivations to conduct geologic mapping in the area. s1gn%ﬁcan‘F overlap in zircon U-Pb geoghronology among'metavo’lc':amc,.metased'lmentary, the Poncha mountain basement block. This fault cuts across the entire northwest part of Colorado, USA, 2011: U.S. Geological Survey, https://doi.org/10.5066/
With trace of Foncha fault and roncha Hot Springs AXIAL FLUVIAL/ALLUVIAL as 2 m of locally derived Proterozoic intrusive and metamorphic rocks; consist Of plagioclase (about 20 pe.rcent), biotite (about 10 percgpt). pie, Y ’ ’ Important questions addressed by geologic mapping and related studies in the Poncha and Infrusive rock§. Such aspects highlight the difficulty in deﬁmtlvely interpreting the the Poncha mountain block and continues to the southwest into onlapping Tertiary rocks P9DXYPXH~ ) . _
ALLUVIAL AND MASS MOVEMENT ] ] ) locally in Pass Creek area, unit includes rare clasts of Paleozoic Fe-Ti oxides (about 5 per.cent) set in a glassy groundmass. Dacmc lava Intrusive complex of Methodist Mountain—Simmons Peak (Paleoproterzoic) Pass area include (1) what were the structural controls and tectonic mechanism(s) that metamoyphw and intrusive hlstory of the bagement rocks. Medlgm- to srpall-scale. and deposits. The fault exhibits nearly 1 km of dextral separation of intrusive Proterozoic Cohen, KM Finney, S.C.,'G1bbard, PL gnd Fan, J X 2013, Int§rnat1ona1 chronostrati-
. ' . Qlg Lag gravel deposits (middle and early Ple.lstoce.ne?)—Subangular to well- sedimentary rocks. Gravels, conglomerates, and breccias are both flow laps onto Proterozoic basement rocks. Flow <15 m thick —Plexus of stocks and large (up to tens of meters wide) dike-like resulted in development of the Poncha mountain block in an intrarift environment; (2) did composmol}al h'eterog'eneltles are common in most of the 'n}trusmns, Whlch may either units near the northeast end of its trace. However, the juxtaposition of southwest-dipping graphic chart: International Commission on Stratlgrgphy, Ep1sodes, 36, p. .199—
Qa Alluvium (Holocene and latest Pleistocene)—Well-sorted, well-stratified to rounded, sandy pebble-cobble gravel discontinuously perched above matrix- and clast-supported. Subunit inferred to have been deposited as . . . - i intrusions in central and southeast parts of map area with four distinct, surface uplift of the Poncha block occur during rift development in the Neogene and reflect multiple intrusions of different magmas or compositional zonation resulting from . leani K h h e of the fault farth h h 1 204, accessed February 6, 2019, at http://www.stratigraphy.org/index.php/ics-
. . . . R . L. Conejos Formation (lower Oligocene and upper Eocene Predominantl . R o . R . . . Tertiary volcanic rocks on the northwest side of the fault farther to the southwest could . .
thick-bedded, subrounded to well-rounded, silty clay to silty sand and tribut dd long b dsl terfl d ) ( g PP ) Y itional “facies” ’ : Y h 1 dated
ick-bedded, subrounded to well-rounded, silty clay to silty sand an tributary canyons and drainages along basinward sloping interfluves an proximal to medial alluvium sourced from nearby mountain block(s) intermediate-composition. lava flows. flow breccias. associated lahar and separately mapped compositional “facies™: Quaternary, and at what rate(s); (3) how was extensional strain accommodated and relayed differentiation or magma mixing. Based on the geometries of individual intrusions, their have also resulted from primarily normal movement. Thus, the Sand Gulch fault either chart-timescale. [Updated in 2018.]

sandy pebble gravel to clast-supported cobble gravel. Present along the inset benches. Gravels are commonly thin, unconsolidated, winnowed, : g : _ . P N > > L. ) e R : : : dominantly fine-grained textures, and the abundance of small-scale apparent magma- . . ’ ’ . . Colucci, M.T., Dungan, M.T., Ferguson, K.M., Lipman, P.W., and Moorbath, S., 1991

: ) : - . - cored by Proterozoic basement rocks. Subunit is present in the north roclastic deposits. and interflow sediments present in southwest and Granodiorite—Dominantly (about >90 percent) pale- to dark-gra across the Poncha block between the opposite-polarity rift basins and flanking mountain y g > pp g had a complex movement history that included both dextral and normal episodes of slip s 5 s s 5 s > s , O, ,
floors of wider stream canyons, and forming the floodplain of the South and clast supported. Deposits generally lie on abandoned fluvially £ here it is esti d 1 thickness f py posits, : p X i Y : percent) p gray, blocks: (4) is th lear L ide deformational sienal i ks of th - and (5 mixing features, the basement intrusive complex appears to be high-level epizonal in . . . . . . ’ Precaldera lavas of the southeast San Juan volcanic field—Parent magmas and

) ~ - P Uy western part or map area where It 1s estimated to range mn thickness irom west parts of map area. Lavas range in age from about 34.2 Ma to 33.4 massive, medium- to coarse-grained granodiorite composed chiefly of ocks; (4) is there a clear Laramide deformational signal in rocks of the map area; and (5) ’ , , or it experienced dextral-normal oblique movement during much of its evolution. A few . . .
Arkansas River as much as about 5 meters (m) above river level. scoured surfaces, with subsequent modification and erosion limited to bout 1.000 =2 000 m. Subunit distineuished from deposits of th o L ; . o have earlier Laramide contractional structures. if thev exist. influenced later rift-related character, perhaps even locally hypabyssal. The intrusive complex may represent an o e . crustal interactions: Journal of Geophysical Research, v. 96, no. Bg, p.

about 1,000 m to >2,000 m. Subunit distinguished from deposits of the 40 A /39 g , y , h . _length northwest-strik Ivd faul he b k
- . ‘e . . . Ma based on several new “Ar/*Ar (whole-rock and biotite) ages (see table potassium feldspar, sodic plagioclase, quartz, biotite, hornblende, and . . . . . shorter-trace-length northwest-striking, steeply dipping faults cut the basement rocks in . .
Floodplain surfaces are characterized by distinct bar-and-swale local weathering and eolian processes. Soils generally are well- ; s ; : o T >, . i ’ 0 ’ ; ; vati ; i ati ; ; intrusive feeder zone for the abundant Proterozoic volcanic (now metavolcanic) rocks of . . 13413-13434. [Also available at https://doi.org/10.1029/91JB00282.]
X ) ) oS ) ’ ) unconformably overlying diamicton (unit QTd) by its generally greater of argon age data). Lavas temporally and compositionally closely resemble Fe-Ti oxides. Also includes minor conticuous and isolated. related extensional deformation through reactivation or strain localization. Prior to our mapping, the northwestern part of the Poncha mountain block. The largest of these faults is a north-
topography, and include relict, abandoned, braided channel networks. developed argillic textural B horizons with local stage II-1II pedogenic dati ithificati . TEOn a8 o boraty p naly Y . . ) . £1O o h 1 f much of th h had only b di i dominantly felsic composition that are exposed farther south in the Sangre de Cristo o . . . . Epis, R.C., and Chapin, C.E., 1975, Geomorphic and tectonic implications of the
; ] - ) ; . S consolidation and lithification, greater abundance of sand beds, better: regionallv extensive. intermediate lavas of the Coneios Formation that cro intrusions of quartz monzonite. quartz diorite. and amphibolitic the geology of much of the Poncha Pass area had only been mapped in reconnaissance y p p g northwest-striking, mineralized, extensionally reactivated, reverse fault on the north flank > > > >
Floodplains subject to occasional flooding. Highest deposits above carbonate development. Mapped within the Poncha Pass, Poncha Creek, iFicati i —40° & Y ’ J . p d o 4 > ancamp fashi flecting th ’ bedrock d h d Mountains and to the north in the southern part of the Mosquito Range (Reed, 1988; . . ’ L post-Laramide, late Eocene erosion surface in the Southern Rocky Mountains, in
: . . . . developed stratification, and greater stratal dips (20-40°) out south and southwest of map area (for example, Colucci and others metagabbro. Granodiorite, generally exposed in isolated outcrops, forms ashuon, retlectmg the area’s poor bedrock exposures, poor access due to the rugge P 1 & ’ ’ of Poncha Mountain that intersects the basement-bounding Poncha normal fault. 1 '
active channels commonly have a thin (<20 centimeters [cm]) loess Little Cochetopa Creek, and Pass Creek areas in the western part of map ) P npie, o £ : & Y eXpose N ps, terrain. and seologic complexity. The map presented here provides new details of the Kellogg and others, 2017). . . ; L Curtis, B.F., ed., Cenozoic history of the Southern Rocky Mountains: Geological
. . . . . Volcanic-clast deposits—Pale-tan. -gray, and -brown, friable to well- 1991; Lipman and others, 2015), and are herein correlated with this large, irregular, stock- to plug-shaped intrusive bodies with sporadic > g g p Y- p P p Numerous small-displacement (meters-to-centimeters) brittle faults exist in the basement . . . .
Tduv P s g Ya ] p g g p g p p . . . .. . . . —
mantle and a weakly developed A/Bw/C soil profile. Exposed sections area, and on the western flank of Methodist Mountain between elevations . . ) . . S . ) eoloov of this difficult area and helps elucidate the development of the Poncha block Th tionall ¢ t fth rtzofeldspath tased ¢ . . . . . Society of America Memoir 144, p. 45-74. [Also available at
: P : : _ : : consolidated, massive to well-stratified, interbedded silty mudstone/ formation. Conejos volcanic rocks, and locally pre-Conejos gravels, lap apophyses and associated satellitic dikes and dike swarms. Intrusions are geology ! P ¢ P L e ¢ compositionally immature nature ol the quartzoleldspathic metasedimentary rocks near this mountain-front Poncha fault, and there is a measurable increase in small e
commonly consist of sandy silt, silty sand, and clayey silt coarsening of about 10,200—10,500 feet (ft). Highest mapped lag gravel deposits ’ ) y . . 4 ; > oo o and improves understanding of the geologic framework and seologic historv of the area ks is indicative of likel b ks of rtain origin. The interl d . . . https://doi.org/10.1130/MEM 144-p45.
_sloni : claystone, silt/siltstone, silty sand/sandstone, sand/sandstone, pebbly onto Proterozoic basement rocks (unit YXvs) in Round Hill, Poncha Pass, compositionally heterogeneous and locally transition into amphibolitic p g geolog geolog ry : Tocks 15 mdicative of likely nearby source rocks ol uncertam origin. 1he mieriayere fault intensity as the Poncha fault is approached from the south. Many of these small o . .
downwards to sand and pebble gravel. Along the north-sloping along Poncha Creek canyon grade southwestward to the base of unit y > ’ ’ ) . . . . . . . . . . . e intermediate-to-felsic metavolcanic rocks and amphibolites form a bimodal suite also L . 1 . Fridrich, C.J., Shroba, R.R., and Hudson, A.M., 2012, Preliminary geologic map of the
. . . . . . . sand/sandstone, sandy gravel/conglomerate, gravel/conglomerate, and Poncha Creek canyon, and Cleveland Mountain areas, and volcanic rocks metagabbro, especially at some intrusive margins and in smaller dikes This mapping effort was made possible through the support of the “Rio Grande ~diate : p . faults host concentrated argillic hydrothermal alteration, providing an ancient analog for . . . . .
piedmont south of Salida, deposits generally have A/C soil profiles on QTd at an elevation of about 9,200 ft. Highest lag gravels and associated . . . . . . . . . - « . . - din th by Board 1986). but th K bl the Ponch: . . . . Big Costilla Peak area, Taos County, New Mexico, and Costilla County, Colorado:
; ; : sedimentary breccia. Some layers of coarser-grained sediments are are unconformably overlain by deposits of the Dry Union Formation. that radiate out from major stocks. Exhibits primary igneous textures and Basins” and successor “Cenozoic Landscape Evolution of the Southern Rocky Mountains recognized in the region by Boardman ( ), but the rock assemblage in the Poncha the plumbing system associated with the modern hot springs located along the Poncha . . )

older surfaces above active stream and wash channels. Locally soils are strath benches emanating from the Droz-Poncha Creek confluence and Ty Yy g . S0 . . . . . . Lo . . - . . , . . . . block is of hieh hi de. The inferred liths of th K h . U.S. Geological Survey Open-File Report 2012—1041, scale 1:24,000. [Also
better developed, with weak argillic B horizons and stage I pedogenic along Poncha Creek canyon grade northward to and below fan gravels of lenticular or channelized. Gravels, conglomerates, and breccias are Conejos Formation in map area differentiated into following subunits: lacks metamorphic foliation, but possible magmatic flow foliation projects of the U.S. Geological Survey’s National Cooperative Geologic Mapping ( ZC iso f1g er 1Ine(‘;amorp k1)c g;a e. ] ein .errel pro.to iths o th ese r(iqc s are, perhaps, fault zone, about 400 m east of where it crosses Poncha Creek. available at hitps://dof.org/10.3133/0fr20121041 ]

RO . . . . : . . . foti ; ; ; i i i i Program. Additional funding and support was provided by the U.S. Geological Survey’s Indicative ot an 1sland-arc to back-arc depositional setting or, perhaps, discontinuous : . . . ' ‘ ) ’

1 " 1k hat is HCl- tive. t Qfo1 th t south of the t £ Ponch ) characteristically monomict, with most clasts composed of mixtures of - . oo i _ _ _ present locally along intrusive margins. Outcrops in central Sand Gulch, . g g pp p M g y i i ) | The Poncha fault separates tilted strata of the Drv Union Formation underlyvine the o . . .
carbonate visible as s ringers in a bu. rpatrlxt atis C reactive uni Q.o on the piedmont south o “the town of Poncha Springs rermediate. to.silicic.commosition Tertiary volcanic lavas and lesser Trachydacite lavas z.mq breccias—Pale-to-dark-gray, pale-brown, pale at Methodist Mountain, along ridges to the southeast, and in lower Bear Mineral Resources Program. extensional basins of continental affinity. Rocks nearby to the west and north of the map et o plt PN b ry o oo ty g Grauch, V.J.S., and Drenth, B.J . 2009, ngh r'esolutlon aeromagnetic survey to image
Includes overbank deposits of organic-rich, fine-grained, silt and clay. Deposits interpreted to represent brief deposition, incision, and surface ; PO ry purple-gray, and pinkish gray (weathered), gray (fresh), blocky, flow- Creck h ’ ¢ G (’1 e vields 7i area form similar sequences, and have similar overlapping, largely Paleoproterozoic ages piedmont north of the ault from the roterozoic basement rocks torming the steep shallow faults, Poncha Springs and vicinity, Chaffee County, Colorado: U.S.
Locally includes minor amounts of slopewash, recent landslide and abandonment associated with the onset of middle Pleistocene glacioflu- \I))velded mffsl; in places, CIEStS include rarle t‘; S{)arsel(<3 g.ercent) clastskof banded, -foliated, -lineated, and -jointed, porphyritic trachydacite lava Uri’?b ir[e\alrcljel:lrl\r/}grt east g(irglgz(girgzp&rea. drla I;(; 71(;?76 2y ;j[ s(21rcon GEOGRAPHIC AND PHYSIOGRAPHIC SETTING and metamorphic mineral as,semblages (compare with Bickford and Boardman. 1984- northern Poncha mountain front south of the fault. This fault was named the Maysville- Geological Survey Open-File Report 2009-1156, 31 p. [Also available at
colluvial debris, and reworked older fan gravels and till derived from vial processes and resulting stream incision. Lag gravels are correlated roterozoic basement rocks or, very rarely, Paleozoic sedimentary rocks. flows and subsidiary flow breccias. Phenocrysts consist of plagioclase (oD LA LATALS 8868 OF 1,155,555, Via and 1,157,914 Va8 Jones and others. 2010). Such rocks were also recoenized in the northern Park Range. Salida fault by Shannon and McCalpin (2006) and Kellogg and others (2017), but herein https://pubs.usgs.gov/0f/2009/1156/.]
adjacent slopes. Estimated thickness generally 1-5 m, but may exceed with units Qg3 and Qg4 of Van Alstine (1969) and Kellogg and others Clasts typically consist of matrlx—supporte?d, subangular t'o well-rounded, (15-35 percent; 2—5 millimeters [mm] long), biotite (2—7 percent; 0.5— table1 (;f U—Pb daFa). Ung alSSOH}Ei\(/i[; zircon U—PbI; 1tfensmvi Iclilgzl‘;Pb/z“Pb The Poncha Pass area in central Colorado straddles the northern end of the Sangre (Snydor and othérs 192)3'8) i 37e o northgof \he map ares, suggesting po fs ble we rename it the Poncha fault since it does no‘F pass through or near the city of Saltliclla, Holm-Denoma, C.S., Caine, J.S., and Pianowski, L.S., 2019, U-Pb zircon data for the
10 m in some places (2017) in upper Arkansas River valley north of map area on the basis of pebbles, cobbles, and small boulders. S?:dlmen'tary breccias are 3 mm long), pyroxene (mostly clinopyroxene; 0—7 percent; 0.5-2 mm reso Etl(zln lon InlCI'OpI'Offi (736 s 6)1\/‘[:()‘1;“10“ -flol\r/rlec ¢ t" 2016 de Cristo Mountains where it separates the broad San Luis Valley to the south from the genetic links over ; broa d,region. ’ and since the fault l?ounds the Poncha mountain block along most of its length Wlthln the Poncha Pass and Deadman Creek areas, northern Sangre de Cristo Mountains of

Qac | Alluvium and colluvium, undivided (Holocene and late and late middle? topographic, geomorphic, and pedogenic relationships; all of these units commonly composed of angular monolithologic blocks of locally long), and Fe-Ti oxides (1-3 percent; <0.5 mm long) set in an inter- gle{g © ﬁveggéfi”;oo /7136.4+6.6 Ma (Premo and Moscat, ’ narrower upper Arkansas River valley to the north. The city of Salida (population 5,400) The onlv Paleozoic rock dinth st of a1 L or block map area. The curving Poncha fault trace strikes west to northwest and forms right steps south-central Colorado: U.S. Geological Survey data release,
Pleis tocene)—Poorl, to moderatelv sorted. well-stratified to non- ) are less than 640 ka (kilo-annum, thousand years) based on the presence fieered lava as much as 2 m long with negligible matrix. Subunit present granular to intersertal groundmass. Lavas locally vesicular, especially ¢ir sampie ) and town of Poncha Springs are situated near the northern map boundary and two major £ ¢ 0:11 Y d'a cozoIC rocbs expose km the n;ap area C}?H(S;St 0 l? arge Pgne foil o¢ b and jogs. Th.1s fault strand, and its subparallllel splays, in part have relatively gentle https://doi.org/10.5066/P96HNSNL.
stratified. eranule- e}tl)ble-boul der };avel in,a sandv silt and silty cla of Lava Creek B in unit Qg3 (Kellogg and others, 2017). Estimated mn sou'thwest, west, and northeast parts of map area; In S(?uthwest, ' near flow tops. At least three separate trachydacite flows distinguished in - Microgranitoid—Pale-tan to -pink, poorly exposed, massive, very fine- highways (U.S. 50 and U.S. 285) traverse the area. The northern edge of the map area (S) ractﬁrf lse 1mer£[ary car OILatedroc ; (ﬁmlt zc) on%he ownit( royv}il side of the sout northward dips (40—59“’). The fault’s curvilinear trace may partly reflect a broadly Jones, J.V,, ITI, and Connelly, J.N., 2006, Proterozoic tectonic evolution of the Sangre de
matrix D’eg osited primaril by o lr%emeral and disc}:]on finuous st}r]eam}; average thickness is less than 3 m deposits form most or all of the exposed Dry Union section, Whereas m map area, from south to north: (1) flow centered at Round Hill, (2) flow grained granitoid (granite-to-granodiorite). Contains potassium and approximately coincides with the east-flowing South Arkansas River, which joins the 0 awatcl " ?l: neart bGI: wle(:st;:rn I%r fer 0 L ¢ may;lasrea. 1‘13 sfe r;) cks cither represent a d corrugated or undulating subsurfac.e fault geometry. Near the .mouth of Ponchg Creek Cristo Mountains, southern Colorado, USA: Rocky Mountain Geology, v. 41, n. 2,
sheetv&;ash pslo ewgsh andymzi]ss I\)Jvastin rocesses on moderate to ’ the west and no'rtheast, they fgrm lowe? or lowes't part of section and in O’Haver Lake vicinity and its probable faulted equivalent in Poncha plagioclase feldspars, quartz, minor biotite, and rare muscovite. main Arkansas River at the northeast corner of the area. The west border of the map area darge ad ocht grécl)usk (;C ht Sat st hr(;m lt e sout Aawatc ?u ¢ c?scarpment orha roote canyon, the Poncha fault branches into several splays,.all basinward of the main, p. 79-116. [Also available at https://doi.org/10.2113/gsrocky.41.2.79.]
entle slo ’es aII)ld in rz;Vines Unit dis lag f weak to strone soil GLACIAL AND GLACIO-FLUVIAL gra('ie upwards nto the pqum}ct depos'lts (subumt. Tdup). Coarse; Creek canyon-Cleveland Mountain area, and (3) flow in hills about 3 km Commonly very weathered, punky, and altered; mainly observed as float. follows the lower part of the eastern flank of the southern Sawatch Range. The southern Pown- rOPpE ock ot t ke fawatcil ?u t.systelm. I;:OHCOH orr(rinty separates the h southern strand and all with dgwn—to—north apparent displacement. A short distance . Jones, J.V., III, Rogers, S.A., and Connelly, J.N., 2010, U-Pb geochronology of Protero-
gevelo mgnt with local stage TIT edI()) gnic carbonate logcall developed Qgp | Outwash gravel of Pinedale glaciation (late Pleistocene)—Massive to sedimentary breccia that is chiefly derived from directly underlying southwest of Poncha Springs. Uncertain relative age relations exist Generally exhibits primary igneous textures and lacks metamorphic edge of the map area crosses the northern end of the San Luis Valley. From this valley, roterozmc isemelg rol: S fr(l)lmIE © lf rtiary ( at.est)l Oier,llf:hanl ka u?%erl) section Olllt ¢ west of Poncha Creek, the main Poncha fault strand abruptly steps at least 2 km basin- zoic granites in the Sawatch Range, central Colorado, U.S.A.: Rocky Mountain
where Enit thinly mantles uﬁderl Ii)n n%iddle Pleistocene razel de osits thinly bedded, moderately sorted to well-sorted, subrounded to well- dacitic lava of the Conejos Formation (unit Tcd) makes up most of lower among trachydacite lava(s) in Murphys Hole area (southwest corner of foliation. Microgranitoid intrudes Proterozoic metamorphic rocks (unit the eastern border heads northward across the crest of the northern Sangre de Cristo “;eSt aIL, sout we;t anks of the OEC a m(;ul;taln vloc " E ack o h 4 e(l))zow éoc S d ward (northward) along a north-striking, down-to-east fault. West of this step fault, the Geology, v. 45, no. 1, p. 1-22, https://doi.org/10.2113/gsrocky.45.1.1.
Locall include: oreanic-rich sil}; gsand cbble stream—(gle ositedp ' rounded, pebble-cobble-boulder gravel with a silty sand matrix forming part o_f volcamc—glast subunit m the west. Subunit inferred to have b'een map area), Round Hill, and O’Haver Lake. Northern flow (near Poncha YXvs) in central part of map area. Possible enclaves of granodiorite (unit Mountains and continues northward along Bear Creek to the Arkansas River. The map a onﬁg tPIS n;)lncl;m ormity suﬁgests that any ﬁ cozoic ro(;: bstt" at n{llay zvef EenE eposite main Poncha fault strand is cgncealed benfeath Quaternary surﬁglal deposits on the south Kellogg, K.S., Shroba, R.R., Bryant, B., and Premo, W.R., 2008, Geologic map of the
ravel}a]md clave si%t overbalik dey, osits yIIE)cludes slo ewaslrl) and terraces about 3—10 m above active stream level of the South Arkansas deposited as pr0x1mal to mefhal alluvium and mass mov'ement qebrls Springs) is hydrothermally altered, and markedly so in area of prospects Xgd) and amphibolite (unit Xam) observed within the main micro- area overlaps parts of three counties (Chaffee, Fremont, and Saguache), two national %Illlt ¢ oncfa gsen;intl rocks vlvere ergillonla ylf:emove e.orelt ¢ efn 0 ht ed oclene.d side of t.he. South Arkansa.s River ﬂQOdplaIP. A series of small-displacement, unmappable, Denver West 30'x60' quadrangle, north-central Colorado: U.S. Geological Survey
fheetwash der?veyd from underl inp unité of the D I?nion Formation River. Sand lenses and cross bedding locally present. Deposit is locally sourced from local' 1nterme§1ate lav‘a's e'md as dlgtal alluvium der%ved at northern limit of its exposure. In most of their southwestern extent, granitoid body. Microgranitoid yields zircon U-Pb LA-ICP-MS age of forests (Rio Grande and San Isabel), and, near its eastern border, a wilderness arca b ¢ no}il con }? rmltyhl ¢ }I;COII: ¢ I?/Ites WIt. a aFe ;m;;ne .erOSI;)ni sur g((ize that deve 0}113 © west—str1klgg faults (possibly associated w1th.the main strand) cut pre-Bull Lgke outwash Scientific Investigations Map 3000, scale 1:100,000, 48 p. [Also available at
st lithol ‘o5 with }1/ & e units Y hich it i . clast supported with little to no matrix. Mainly deposited in streams from more d{stant intermediate to silicic volcanic terrane(s). Estimated trachydacite lavas overlie Conejos trachyandesite lava (subunit Tca); 1,714.0£22 Ma (see table of U-Pb data). Unit also yields zircon, (Sangre de Cristo). throughout the southern Rocky Mountain region following the Laramide orogeny when gravels (unit Qgpb) where they are exposed in a quarry near the mouth of Little https://pubs.usgs.gov/sim/3000/.]
Clast lithology varies with local bedrock units from which it is derived. ; maximum thickness about 850 m . . ~ 207P1s /206 : . . ) . . . clevated sedimentary and basement rocks were stripped and exhumed during a period of Cochetopa Creek.
. sourced from elaciers of the southern Sawatch Range west of map area. whereas at Round Hill and north of Poncha Creek canyon in Cleveland SHRIMP, common Pb-corrected, 2’Pb/**°Pb weighted average age of . ) ) . . P Kellogg, K.S., Shroba, R.R., Ruleman, C.A., Bohannon, R.G., McIntosh, W.C., Premo,
Average thickness ranges from 1 to 3 m, but may locally exceed 5 m . rom £ & map . . . . . : . : The dominant physiographic feature in the map area is the Poncha mountain block, relative tectonic quiescence (Epis and Chapin, 1975; Abbey and others, 2017). . :
‘ ) ) Soils typically have a weak A/C development, but locally exhibit stage I Tdul Lacustrine deposits—Pale-brown, -gray, -olive-green, and -olive-tan and Mountam.area, lavas lap onto, and locally fill Pal.eochannels cut into, 1,740.9+6.2 Ma (Premo and Moscati, 2019; their sample SGC—88) which forms the northern end of the Sangre de Cristo Mountains and projects northwest- . ] . e o Fault kinematic measurements indicate that the Poncha mountain-front fault system W.R., Cosca, MA, Moscati, R.J. ., and Brandt, T.R., 2017, Geologic map .Of the
Qls Landslu‘ie deposits (H019cene and late and late middle? pedogenic carbonate. Based on topographic position, pedogenic devel- reddish brown, friable to indurated, finely bedded to laminated, generally Proterozoic basemept (unit YXvs). “Ar/*Ar biotite ages were obtained - Amphibolite—Dark-green to dark-brown-black, foliated to massive, fine- ward across the central part of the area. The Poncha mountain block is markedly stream .A suite of variably porphy.rmc rhyqllte dlk.eS. (‘.mlt Kri) are found near the n(?rthern has experienced mainly dextral-normal oblique movement (Minor and others, 2016). upper Arkansas RlVﬁ?I' valley region, north-central Colorado: U.S. Geological Survey
Pleistocene)—Massive, poorly sorted to nonsorted, angular to opment, and correlation with deposits in adjacent regions, gravel inferred well-sorted, interbedded claystone, mudstone, silt/siltstone, and fine- from two trachydacite lavas: 33.4+0.4 Ma (Round Hill lava) and to coarse-grained hornblende-plagioclase metagabbros, metadiorites, and dissected and has significant topographic culminations at Methodist Mountain (11,707 ft ‘Eﬁ;mmus Olf the ll’or.lchaénoillntgm block }nghe vicinity Olf the gor.lcll(liaLﬂuois:par mine. Data include measurements of slip surfaces associated with the main fault zone, as well Scientific Investigations Map 3382, 70 p., 2 sheets, scale 1:50,000, accessed 2017 at
subangular, granule to boulder gravel in a clayey silt and silty sand to have been deposited during the Last Glacial Maximum (Pinedale grained clayey/silty sand/sandstone. Rare to common interbeds and 33.6+0.4 Ma (Cleveland Mountain-Poncha Creek canyon lava) (see table . . . : P ’ ; ; ; ; ese exclusively intrude the Proterozoic basement rocks and yield Late Cretaceous ages ts of small-displ t (outcron-scale) faults within d its of th https://doi.org/10.3133/sim3382.
. P o . . ) ' : : : intrusive metabasalts with complex spatial associations. Locally strongly elevation), Poncha Mountain (10,134 ft), and Cleveland Mountain (9,704 ft). Near its . . . . as measurements of small-displacement (outcrop-scale) faults within deposits of the : . . .
matrix. Landslide deposits haV.e not been differentiated on map by glaciation, about 22—21 ka). Higher-energy glacio-fluvial deposition lenses of pale-gray and -green-gray and buff, locally tuffaceous sand/ of argon age data). Trachyfiacne lavas and bregmas previously .mapped altered to chlorite: alteration rarely includes tremolite and (or) actinolite, northwest termination, the Poncha block is deeply incised and segmented by antecedent based on zircon U-Pb geochronology. These dikes everywhere strike northwest and dip Dry Union to the north in the piedmont area and the small Quaternary faults in the Le Bas, M 1, Lp Maitre, R'W” Streckeisen, A., and Zar.le.ttm,.B., 1986, A chemical
process or age. Includes deposits formed by rock fall, rock Shd?, block represented by the outwash gravel likely waned or terminated by about sandstone, pebbly sand/sandstone, and gravel/conglomerate, and rare as Sqmrrel Gulch.rhyodamte flow by Van Alstine (1975). Maximum Includes dark-gray-green. largely nonfoliated and massive, medium- to Poncha Creek that flows northward across the entire mountain block to the South Arkansas steeply. Little Cochetopa Creek quarry. Small-displacement normal-oblique faults similar to classification of volcanic rocks on 'the total alkah-s111.ca diagram: Journal of Petrology,
slide, fiebrls flow, and earth ﬂovy processes. More recent landslide 14-13 ka (Kellogg and others, 2017). Locally includes small, unmappa- beds of beige, tabular, silty, sandy limestone and dark-brown peaty shale. estimated flow thickness about 350 m coarse-grained, pyroxene-plagioclase gabbro forming poorly exposed River. In contrast, the relatively subdued and low Poncha Pass (9,019 ft) separating the Latest Eocene and earliest Oligocene (34.6—33 Ma) intermediate-composition those observed north of the main Poncha fault trace are also distributed for several v. 27, no. 3, p. 745-750. [Also available at https://doi.org/10.1093/petrology/
deposits are generally characterTZed by well—fex.p.ressed hummocky ble erosits of ur}itS Q.?flc and QIS,. and Qlder glacial (.th) agd gla'cic?- Mudstone and claystone gyp§iferous in plac’es. Sandgtone and gravel Tca Trachyandesite lavas and breccias—Pale-to-dark-gray, pale-brown, Simmons Peak pluton centered just southeast of, and continuing into, Poncha Creek drainage system from the south-flowing drainage system of San Luis Creek (tra.chyandesite-to-.trachy'dacite) lavas, breccias, and associated 100?11 pyroclastic and kilometers south of the fault within the basement rocks. The intensity of these basement ' 27.3.745.] ' o
topography and bulging toes, with many exhibiting steep crown fluvial (Qgb) units. Thickness varies with geomorphic location within beds locally cemented with silica(?). Subunit comprises two separate ale-olive-gray, and pinkish gray (weathered), gray (fresh), locally pla southeast part of map area (Taylor and others, 1975); large swarm of is located well south of the crest of the Poncha mountain block. In the north part of the map sedimentary deposits (units Tcd, Tca, Tcs, and Tcr), correlated with the regionally faults decreases southward. Based on the fault geometries, kinematics, and spatial- Lipman, P.W., Zimmerer, M.J., and McIntosh, W.C., 2015, An ignimbrite caldera from
escarpments, and various extensional features across active surfaces he basin: esti d from 3 to 10 inferred 1 ine facies in middl f d Dry Uni i P sray, P sy > Sray ; y platy . P P Y . » 1aTg . . . : tensive Coneios F tion (Li d others. 2015). 1 to the b t rock . the bottom up—Exhumed floor and fill of the resureent Bonanza caldera, Southern
p > . nal I . the basin; estimated to range from 3 to 10 m inferre acustrine facies in middle part o exposed Dry Union section, or blocky, flow-foliated, flow-folded, and jointed porphyritic trachy- medium to large (tens of meters across) associated dikes (and some sills) area, a moderately elevated, strongly dissected piedmont lies between the northern front of extensive Conejos Formation (Lipman and others, ), lap on 0 the basement rocks on temporal patterns, the Poncha frontgl fault system is inferred to be a broe'td, normql- P . g >
Includes recent debris ﬂOV.V deposits with well-ex.p ressed channel- Qtp Till of Pinedale glaciation (late Pleistocene)—Generally massive, unsorted one in northeast part of map area an?‘ onem north“,’eSt part. Gravel and andesite lava flows and subsidiary flow breccias. Common salmon-pink- emanate northwestward from the pluton within map area. Amphibolite the mountain block and the South Arkansas River floodplain. This piedmont is incised by the west and Sou,thweSt flanks of the Poncha block. These volcanic rocks become t.h1cker oblique, relay zone that developed in the late Neogene to transfer extensional strain Rocky Mountalps volcanic ﬁeld’. Colorado: Geosphere, v. 11, no. 6., p. 1902-
and-levee petwprks on act}ve sprfaces, 1(?cally with as much as 3 m of wobanguli o subrounded, pebble-bonlder gravel with 8 st ;and o ) conglomerate clasts of northeast facies are predominantly composed of weathering, interflow, pyroclastic agglomerate and (or) lahar deposits present throughout exposed extent of Proterozoic intrusive and meta- numerous north-flowing intermittent streams that drain the north flank of the mountain and more extensive towards the southwest corner of the map area where they obtain a across the left step between the Sawatch and Sangre de Cristo rift-bounding fault zones N 19.47. [Also available at https://doi.org/ .10.1 130/GESOI 184.1.]
topogFaphlc relief. Older, inactive l.andshdes have spbdped and eroded Slave gsilt matrix. Clasts a:re dominantl magttrix subported énit forms volcanic rocks, whereas such clasts of northwest facies are variable composed of angular to spindle-shaped andesitic lava clasts in a clayey/ morphic rocks, but mapped separately only where bodies are large block and empty into the South Arkansas River along the north edge of the piedmont. maximum cumulative thickness of about 800 m, and some of the lavas may have vented (Minor and others, 2016). The subordinate dextral strike-slip component along the relay LlSlGCI.(I, LE, and Raymo, M.E., 2005, A Pliocene—Pleistocene stack of 57 globally
surficial morphology, and pedogenic development, indicative of slope yey ’ . y PP o mixtures of Proterozoic basement and Paleozoic sedimentary rocks. : : : : _ .0 c : : ) _ in that area. A thin sequence of similar intermediate-composition, Conejos-like lava zone probably reflects how the regional east-west-trending minimum principal stresses distributed benthic 5'%0 records: Paleoceanography, v. 20, no. 1, 17 p. [Also
o . . , silty matrix. Phenocrysts consist of plagioclase (10—45 percent; 0.5 enough to be depicted at map scale. Variably mottled, pale- to dark-gray, y X )
stability. In some places, substantial eolian silt and clay mantle older sharp-crested lateral moraines on both sides of upper Little Cochetopa £ 1 ivelv fi ' Y Y plag p ’ fl its Tpa, Ta, and Td d where th he b ks at th ' ' ing ti lable at https:/d /10.1029/2004PA001071.]
land 1-(}1,' deposit P ’ ting str d . b yt formati Creek. Unit locally includes small, unmappable mass-wasting deposits ]t: argz(ltens ° mjters ong)fI;:arlvaswe y r{a;ctured ani brecmateld strata- 4 mm long), pyroxene (mostly clinopyroxene; 3—10 percent; 0.5— amphibolite in central part of map area characterized by hybrid intrusives PREVIOUS MAPPING OW; (umtsd pfell; a,ém . ) arehpreserge where t e%' rl::st on the afreﬁnentlroc s at the associated with the surrounding rift were perturbed near, and resolved onto, the M Igval a Ie(a dp;' rt.o;o;g 5 0'1 6 Biostratioranh t;th hish-elevation Drv Uni
andslide deposits, promoting strong pedogenic carbonate formation. : o i i . ) . e ) o . . It t rtheast t . , . _striki i . i i acKenzie, K., and Sertich, J., , Biostratigraphy of the high-elevation nion
G o Il)d » P tive | %i lid gpe tl%' hot i land ] along steeper slopes of the moraines. Boulders are mostly unweathered, OUNC IETISES and MAsses o1 Faleozole car onate rocks (equivalent to 2 mm long), and Fe-Ti oxides (3—7 percent; <0.5 mm long) set in an consisting dominantly of amphibolitic metagabbro, locally foliated, with The earliest medium- to large-scale geologic maps focusing on portions of the northern end ol Bear Lreek near the northeast corner of the map area. Lhese lavas west-northwest-striking faults making up the zone. Progressive surface uplift of the . : o e grap lyC o & Lok ryb
enerally, older, mactive landsiides exist higher in landscape; more but till locall tains deepl thered cobbles of met hi K subunit Sb; see unit description listed below for details) are present in intersertal to intergranular groundmass. Lavas commonly vesicular and sparse to abundant centimeter- to meter-scale blobs of more felsic > - ) however, may have greater affinities with intermediate volcanic rocks present in the Poncha mountain block and basinward migration of active normal faults likely Formation (Miocene—Pliocene) of south central Colorado: Journal of Vertebrate
recent, active landslide deposits are generally in lower steep canyons of ut til locally contains deeply weathered cobbles o metamorphic rock. stratigraphically lower part of northwestern facies. White, thin (about rubbly. especially near flow bottoms and tops. and in places amvedaloidal enerally dioritic composition: hvbrid intrusives likelv represent maema Poncha Pass map arca were published in the 1970s. Normand (1972).completed a regional Howard area several kilometers southeast of the map area (Taylor and others, 1975). accompanied development of the relay. Paleontology, Program and Abstracts, 2016, p. 180.
the active fluvial systems. Estimated thickness varies from 3 m to Along moraine margin on southeast side of Little Cochetopa Creek, unit 1 bedded, air-fall(?) tuff 1 t in subunit about 1 kilomet —— 7 : P, o Ve . sencraty P . v P g 1:62,500-scale geologic map of the northern part of the Sangre de Cristo Mountains Small remnants of Bonanza Tuff (unit Tbt) that directly overlie the intermediate lavas Minor, S.A., Caine, J.S., Hudson, M.R., Fridrich, C.J., and Ruleman, C.A., 2016, An
: commonly contains deeply weathered granitic boulders derived from m), bedded, air-fall(?) tuff layer present in subunit about 1 kilometer Uppermost transitional (trachyandesite to trachydacite) flow(s) present in mixing processes. In northwest part of map area and at numerous (including the Poncha mountain block area) that focused on the Proterozoic rocks. U.S , Y ) , ) The south Sawatch range-front fault is a north-northwest-striking, down-to-east, P T P R e =T ,
locally more than 10 m . . . . (km) west of confluence of Pass and Little Cochetopa Creeks. The north- oY ; fains ng o . i e are preserved in the southernmost part of the map area (overlies unit Tca) as well as in . . enigmatic mountain-block transfer zone within the central Colorado Rio Grande rift
adjacent older units Qtb and (or) QTd. Soils are generally nonexistent  lacustrine facies stratieraphicall i dinterfi b th upper Poncha Creek canyon area (southwest of Mears Junction); mapped and unmapped outcrops in the vicinity of lower Poncha Creek Geological Survey (USGS) geologist Richard Van Alstine published a 1:24,000-scale the northwest part about 3 k thwest of Poncha Springs (overli it Tod). Thi normal fault. It forms the western terminus of the Poncha mountain block and cuts [abs.]: Geological Society of America Abstracts with Programs, v. 48, no. 7
. - } . s : ; ; : s e e northwest part about 3 km southwest of Poncha Springs (overlies uni . This . . . . . g ,Vv.48,no. 7.
ALLUVIAL/MASS MOVEMENT AND (OR) GLACIAL on bouldery moraine crests, but weak argillic textural B horizons with \I))vels acus rllnet acEes st r?l.gir;p. IC? Y otve; 11 es an L?ilﬂeréngﬁrst W € tran51j[10.nal flow(s) differ frgm underlying tra'chyandesne flows by canyon are wc’all-f'ollated,’ tabular., composnlonal-layer-paralleL . geologic map of the Salida West quadrangle overlapping the northwest part of the Poncha thvolitic-to-d aréitic and welded ienimbrite erupted oufo £ tghe Bonanza caldera. centered deposits as young as middle Pleistocene (Bull Lake moraines, unit Qtb). The Sand Minor. S.A Bran(%t TR Cai}rll e 1S, and Ruleman. C.A.. 20 ig9 Data release for
o ] ) ) ] ) spotty pedogenic carbonate stage I development are preserved in aleozoic-clast subuni ( ) just west o ower Liftle Lochetopa containing a greater proportion of larger plagioclase phenocrysts and amphibolite sill-like bodies and irregular to tabular layer-cutting dikes. Pass map arca and the reconnaissance-level (1:62,500-scale) geologic map of the Bonanza Y/ g pted C ) Gulch fault curves into a westerly strike and is slightly disrupted by some crosscutting > 1 » ’f h ’P . > P. - o , F. - ) e e
QTd Diamicton (middle an'd early Plelstocepe. and Pl.locene.)—Pale—tap, morainal depressions and swales. Till likely correlative with the early Creek. Dep9s1ts inferred 'to have been dgposﬁed in 1acusFr1ne depocenters sparse (1-2 percent) biotite phenocrysts. Three *Ar/Ar whole-rock These sills and dikes are generally a few to several meters thick. The NE quadrangle (same area as Poncha Pass 7% qu; drangle) (Van Alstine, 1974: 1975). At abouF 10 km south of the map area, at33.12 M? (Lipman and others, 2015)'. A smgll, faults in the upper Poncha Creek canyon area. It then continues west into the Droz geologic Tnap of the oncha Pass area, Chaffee, re@ont, and Saguache ounties,
-brown, -gray, -olive, and -ocher, friable, massive to crudely stratified, tt of mari ot ; MIS) 2 elacial eisode (Lisiecki due to dominant fine-grained, muddy-silty nature of sediments, presence ages obtained from trachyandesite lavas exposed in Poncha Creek amphibolites are dominantly composed of sodic amphibole and i X i X ’ > localized, and plug-like rhyolitic lava flow (unit Tbr) erupted at 33.05 Ma immediately Creck drainage where it terminates at the southern Sawatch fault. This western Sand Colorado: U.S. Geological Survey data release, https://doi.org/ 10.5066/P9GYYE4F.
sandy gravel and sedimentary breccia. Contains rare intervals and lenses 1;2 d I(;amnif)m; Ozézg(fﬁ;ts?s OII’);Z;ang (glacia)ltioi a:;a(t) c:r;llso IZ (kal)SIbf:sel d of limy and gypsiferous layers, and the common presence of blocks and canyon southwest of Mears Junction: 34.14£0.08 Ma, 33.92+0.08 Ma plagioclase, and are quartz poor. In some places, amphibolite sills are tshe same tlglfl’ recoznlaslssanczle—levle ! geololglc map tshwerertaﬁso p:lbh;hecitt;)r ﬂ;e P:tnd;‘ath following emplacement of the Bonanza Tuff (Lipman and others, 2015). Unit Tbr is Gulch fault segment exhibits significant down-to-north apparent displacement Morgan, L.E., and Cosca, M.A., 2017, Argon data for Poncha Pass map: U.S. Geological
. ymo, , , about 51— . ‘1 R ‘ >0 : ’ ’ : ’ rings and Howard 15' quadrangles overlapping the northwest and northeast parts of the . -to- > Jdai
of pebb(liy sandland Sllti sandl. Claslii) ?re mol:lilly poor(?; sorlt(;:d to . on similarities with morainal deposits elsewhere in region (Kellogg and Lna;ses \;)f P:iec?zowlge;rg)mll\j[te r'ocks that prezur}r;al;(ly slid l;nto e; 5c(l)ose? and 33.92+0.08 Ma (see table of argon age data); an additional ““Ar/*Ar mylonitized, particularly within tightly folded metasedimentary rocks pfeser%t map area respectcilvely (S%:ott and otﬁgrs gl 975: Taylor and others, 197 g) No present near the confluence of Poncha and Silver Creeks at the southwest border of the juxtaposing Paleozoic sedimentary rocks (unit Pzc) and Eocene—Oligocene volcanic N Sur(\l/e% (?talrglfzasfe; July i , 2017, alt https.f/{[;ilm.orrgt/hl0.5%66/F7P(;/6(J: 8Xt .
unsorted, angular to subangular pebbles, cobbles, and boulders o . . . . asin (Van Alstine, . Maximum exposed thickness about m for _ ; « e » ; ; R . . . > > > : map area. : : : : : : : ormand, U.E., , Frecamorian geology ol the northern Sangre de Lristo kange,
locally derivged Proterozo fmetalinorphic and intrusive rocks, rarely others, 2017). Estimated thickness increases along the lateral moraines northv(vest facies and abozu £ 500 m for no?theast facies whole ro.ck age of 33.9+0.4 Ma obtained for upper tran51t10na1' flow (unit YXvs) in northwestern part of map area further geologic mapping was published in the area until 2006 when the Colorado p e A ol R ot the Drv Union F oo (T rocks (units Tcd and Tcg) against Mlocenef?llogene depgsns of the Dry Unlgn (units Chaffee, Fremont, and Saguache Counties, Colorado: Lubbock, Tex., Texas Tech
ied b ded pebbl J cobbles of Terti 1’ . K westward towards the southern Sawatch range front from 5 m to as exposed mn same area (see table of argon age data). Trachyandesite lavas - Interleaved intrusives—Mixed composition unit composed of closely Geological Survey published a map of the Maysville 7%' quadrangle that overlaps the ¢ Miocene-Pliocene basin-till deposits of the Dry nion ormation (Tweto, TduX and Tdup) and Pliocene—Pleistocene diamicton (unit QTd). South of this fault, Universitv. PhD. dissertation. 88 .. 1 mab bl 17 fies
accompanied by rounded pebbies and cobbies of 1ertiary volcanic rocks. much as 70 m - Paleozoic carbonate slide blocks—Gray to tan-gray, large (tens of meters and breccias previously mapped as Rawley (lower and upper) trachy- 4. interleaved and hvbrid i Ve bodies of diori . cthwest ¢ part of th t Sh d McCalpin. 2006). In 2009 1961) unconformably (but concordantly) lap onto the volcanic rocks on the outer west similar, westerly striking faults cut units as young as the Dry Union Formation in and ¥, Ph.D. dis 1, 66 ., p pl., gs.
Maximum boulder lengths exceed 3 m. Clasts, which are both matrix- ) ’ ’ . . g . spaced, interleaved and hybrid intrusive bodies of granodiorite (unit northwesternmost part of the present map area (Shannon and McCalpin, )- In : - : . . . o . Powers, W.E., 1935, Physiographic history of the upper Arkansas valley and Royal
& ’ long), pervasively fractured and brecciated stratabound lenses and andesite flows by Van Alstine (1975). Individual trachyandesite lava a . . s : ; : ; and southwest flanks of the Poncha mountain block. Similar Dry Union sediments west of the Poncha Pass area. One inferred large-displacement, west-striking fault just ’ ’
and clast-supported, are commonly deeply weathered and oxidized. Unit Qgb Outwash gravel of Bull Lake glaciation (late? and late middle ’ . . . . fl in thickness fi bout 15 m t than 30 m. Estimated Xgd), amphibolite/gabbro (unit Xam), and microgranitoid (unit Xmg). anq 20.1 1, aeromagnetic geophysical surveys of the Poncha Pass region were con.ducted, underlie the dissected older piedmont alone the northern mountain flank. These hof Cl Creck h. ¢ . ’ P b Gorge: The Journal of Geology, v. 43, p. 184-199.
Iv f ft sil dv. and locall il Deposit Pleist _ Stratified t ive. clast- rted. moderately sorted masses of Paleozoic carbonate rocks with local, minor clastic rock OWS range m thickness trom about 1.5 m fo more than 59 m. Estmate Contact relations are very poorly exposed among different lithotypes in which included coverage for much of the present map area and allowed for new interpre- : P : gl g north of Clover Creek (southwest corner of map area), juxtaposes Proterozoic basement Premo. WR.. and Moscati. R.J.. 2019. U-Pb SHRIMP zircon isotonic data for aces used
fommﬁn Y orlms 50 51dty, sa111 y(’l ?)n th(')cli y'zigruss}l; 5011 d epoi s are ; e l(l)cel;f) d ga ! lii dotmassnse, dc as blilfpli)o T d’ mo er?e y S(’)lte components. Disturbed carbonate rock ranges from crackle or shatter cumulative thickness of trachyandesite flows about 500 m in upper the larger intrusive bodies. A well-exposed about 6-square kilometers tations of faults and other geologic features in the shallow subsurface (Grauch and sediments at the eastern end of the piedmont in the Bear Creck area lap directly onto the rocks on the north against Conejos Formation andesitic volcanic rocks on the south. 0;1 th.e I.”oncha Pass m’ap: [} g Géological Survey data releasep s
ically poorly exposed, mantle ick soil and bouldery colluvium, o well-sorted, subrounded to rounded, pebble-boulder gravel in a si . - « » . . : : ‘ . i ion i i i . : . : : UL, )
y% y pll y exp don th yd by 1 float bould Ty ¢ d matrix. G v similar to d pt funit Q %) t soils h y breccia, containing angular “clasts” that have experienced little or no Poncha Creek canyon area. Relat?velly thick and abundant flows apd (km?) plexus of large northwest-trending dikes (and some sills) between Drenth, 2009; Brown and Grauch, 2019). A new geologic map of the upper Arkansas Proter.ozo1f: baserpent rocks. The Dry Union in the map area consists Of. s,.everal sub.unlts This may be part of an outer ring fault associated with the Bonanza caldera located just https://doi.org/10.5066/P94MWH4C
an typlcq y expressed on the ground by large float bou er's 0 sand matrix. Generally 51m1 ar to deposits of unit Qgp, u 's01 s have rotation or displacement relative to adjacent clasts, to completely disag- agglomerate and (or) lahar deposits in canyon near Shirley town site Methodist Mountain and Simmons Peak (located 1.7 km southeast of River valley region, extending southward into the northernmost part of the Poncha map or facies distinguished by th§1r dominant provenance or mode of deposition. Alluvial, south of the map area (Lipman and others, 2015). A set of north-to-northwest-striking Reed ] C. b 1 b3 P bri s i : T e C inReed. 1.C.. Ir. B ‘B
Proterozoic rocks that protrude as much as 1 m above the soil surface. more developed pale-reddish brown to orange-brown argillic textural B gregated but intact, carbonate-cemented rock. Blocks and masses present suggest that at least some trachyandesite flows and related deposits were map area) have compositions ranging from granodiorite to gabbro area, was recently compiled by Kellogg and others (2017) at a scale of 1:50,000. mass-movement, and lacustrine mudstone, sand/sandstone, gravel/conglomerate, and normal faults, also present in and west of the Poncha Pass area, exhibit mutually cross- ee S ri; B recgmwrlzgl rokc s ann 2} any(}nilz} E/Ie lor ’Wr\;V r\};/arlll, ”
Diamicton unit uI.lderhe’:s rounded ridge crests in erosmpally dissected horizons (A/BTL/C). Clasts. chiefly corpposed of various P'roterozmc rock throughout subunit Tduz and stratigraphically lower part of overlying emplaced in this area. Cumulative thickness of trachyandesite lavas and varvine both between adiacent dikes and within sinele dikes ) > ) sedimentary breccia are typical. Clasts in the stratigraphically older Dry Union deposits cutting and abutting age relations with respect to the westerly striking faults. Included in this imms, P.K., Beaty, D.W., Bookstrom, A.A., rose, T.L.T., Mallory, W.W., Wallace,
uplands surrounding O"Haver Lake and northwest of Little Cochetopa types and Tertiary volcanic rocks derived from surrounding bedrock. Tdul subunit in northwest part of map area; mapped separately only deposits in Clover Creek area near southwest corner of map area may 1ying ! & are locally derived from one of three dominant sources: (1) Proterozoic basement rocks north-northwest-striking fault set are some discontinuous normal faults west of Round Hill S-R., and Thompson, T.B., 1988, Geology and mineral resources of central Colorado,
Creek in the western part of the map area, Origin of diamicton is . Mainly deposited in streams sou.rced from glaciers of the southern Sawatch where large enough to depict at map scale. Carbonate lenses and masses exceed 500 m, but base of sequence is not exposed. Clover Creek trachy- YXpod | Porphyroblastic sillimanite gneiss and schist (Mesoproterozoic? and PRESENT MAPPING mainly from near mouth of the canyon of Poncha Creek (subunit TduXl), (2) Paleozoic and San Luis Creek that are partly coincident with the modern, western, range front. The in 'Holde.n, G.S., ed., Geological Socwty of Amerlca. 1888—198$ antenmal Meeting Field
uncertain. The deposits, which mostly lie on the east,.downthrown side Range west of the map area. Estimated thickness ranges from 3 to 10 m inferred to be paleo-landslide blocks that were internally fractured and andesite lavas form part of northern paleo-topographic wall of Bonanza Paleoproterozoic)—Gray to pale-brown, quartz-biotite-plagioclase- Following early field reconnaissance of the Poncha map area in 2011, individual sedimentary rocks northwest of Cleveland Mountain that are not exposed in the map faults cut carly-to-middle Pleistocene fan deposits (units Qfo1 and Qfo2), and locally have TI:lp Guidebook: Co.lorado School of Mines Pr(.)fegsmr.lal Contributions 12, p. 92-93.
of south Sawatch fault, may represent proximal alluvial, rock avalanche, Qtb | Till of Bull Lake glaciation (late middle Pleistocene)—Subangular to brecciated as they were emplaced into lacustrine or alluvial depositional caldera (Lipman and others, 2015) muscovite gneiss and schist with distinctive pea- to fist-sized porphyro- responsibilities for mapping various parts of the area were identified for coauthors. Caine area (subunit Tduz), or (3) Tertiary volcanic rocks generally to the south of Cleveland fault scarps preserved along them. Schweinsberg, A.D., Briner, J.P., Shroba, R.R., Licciardi, J.M., Leonard, E.M., Brugger,
and other mass movement deposits (for example, debris flow) shed from subrounded, pebble-boulder gravel in a silty sand and clayey silt matrix basin (Van Alstine, 1970). Estimated maximum thickness of individual Tos Interflow sediments_ Poorly exposed interbedded gravel and sedimentary blasts of quartz, sillimanite, and biotite (compare with Snyder and others, and Fridrich focused on mapping the Proterozoic basement rocks in the central core of Mountain and Bear Creek (subunit Tduv). Throughout the exposed section of the Dry The Tertiary volcanic rocks and the Dry Union strata flanking the Poncha basement K.IIIX., anclil Russell, C.M.fl2016l, P}nedaledglla}mal hlsiory og the 1;pp§r Arkagsas River
the southern Sawatch mountain block as it was uplifted and exhumed . . . . . . ) . ’ - 1988). Pea-sized porphyroblasts commonly cored by biotite-quartz clots. the Ponch tain block. wh Mi trated ing the Terti Union F ti ixed- d it bunit Td h valley—New moraine chronologies, modeling results, and geologic mapping, in
' ' blo ' ‘ Unit is massive and has little to no sortine or stratification. Laree boulders at slide masses about 7—10 m . . porphy. y y q e Poncha mountain block, whereas Minor concentrated on mapping the Tertiary nion Formation, mixed-provenance deposits (subunit Tdup) are common, whereas ; o o . :
along the fault. Alternatively, diamicton may represent old till deposited . g i, 8 breceia. Clasts, mostly observed as f'loat,‘cons1st. of an'gular.to roundf: d Foliation defined by compositional layering of biotite and quartz with volcanic rocks and sedimentary deposits in the north, west, and southwest parts of the fine-grained lacustrine sediments (subunit Tdul) are limited to two laterally restricted block are b(?th tl.l ted 10° to 33 i mostly to the west and southwest. These sarne, dgmmant, Keller, S.M., and Morgan, M.L., eds., Unfolding the geology of the West:
. . . surface are generally partly buried, and primary depositional morphology of ; ; : ki bbl bbl d boulders of Iy Tert dint diat ry dep ’ > p g ( ) y tratal-tilt direct d tud t both along the north dmont and in th . . . . .
by middle Pleistocene glaciers that flowed out of southern Sawatch g1 i h e Paleozoic-clast deposits—Pale-gray, -brown, -brownish gray, -pinkish pebbies, cobbies, and boulders of primart ty Ierhiary mixed itermediate- sillimanite-rich porphyroblasts that are generally symmetric, layer- map area. Ruleman joined the mapping team beginning in 2013 to map the Quaterna stratigraphic members in the middle of the section in the northeast and northwest areas. stratal-ti it CITECLONs and maghitudes exist bo along the NOTern predmont and i the Geological Society of America Field Guide 44, p. 335-353. [Also available at
Range west of map area. Unit may be at least in part temporally till is subtle. Exposed granitic boulders are generally rounded and gray, and -greenish gray and reddish brown, friable to indurated, inter- to-silicic volcanic lavas and welded ash-flow tuff(?) and rare to sparse llel oblat phrp Y Porphvroblasti generary sy d schist Y ? ald . FJ 1d  mapping dth & h2 Ogl 61 . lp d Q h Y Th & II)I ) ine d . d underlvi & include 1 west and southwest parts of the map area. This stratal dip pattern probably reflects https://doi.org/10.1130/2016.004414.]

) ) : . A ) h weathered with eruss on their outer surfaces. Clasts of other rock types ? . > i . . . . 0 para.e. oblate spheres. Forpnyro aS.IC gneisses an. schists are a ) surficial deposits. Field mapping continued throug intermittently during the e northwestern lacustrine deposits and underlying coarser sediments include large . b . . . . . : : e : : ) )
correlative with the old alluvial deposits (unit QTa). Estimated are also weather%d locally including iron stainine. Till forms rela;[i}:/pel bedded silty sand/sandstone, sand/sandstone, pebbly sand{sandstone, Proterozoic basem ent rocks; local monomict concentrations of dacitic(?) subsidiary component of metavolcanic and metasedimentary rocks (unit summer months. The field phase of the mapping effort consisted primarily of making inferred paleo-landslide blocks (subunit sb) composed of Paleozoic carbonate rocks Miocene—Pliocene tilting and 1pcreased su‘t?s1dence Ojf carly basinal deposits towards the Scott, G.R., Van Alstine, R.E., and Sharp, W.N., 1975, Geploglc map of'the Poncha SP“ngS
thickness increases westward to a maximum of greater than 200 m . i Y & . & Y sandy gravel/conglomerate, gravel/conglomerate, and sedimentary lava blocks. Sediments form laterally extensive lentlcul'ar lnterva'll YXvs) and are mapped as a separate unit only in a single location on eologic site observations, including structural measurements, and collecting GPS way- Van Alstine, 1970). These slide blocks may have been detached and transported south Sawaich .faullt, and associated branching f aults in and neat the southwest part of the quadrangle, Chaffee County, Colorado: U.S. Geological Survey Miscellaneous Field

dissected and subdued lateral moraines adjacent to, and outboard of, the breccia; subordinate interbeds of mudstone, silty mudstone, and between upper and lower lavas of Conejos trachyandesite subunit (Tca) t flank of P I})lp Mount > here th fy ° le bod 2 g( bout 5 m hori X 1 ° )al d ’ d at isol § Y ( di i h ) from Pal o 1 din th h PS h map area. In this view, the broad area of deposits of the Dry Union Formation west of Studies Map MF-658, scale 1:62,500. [Also available at https://doi.org/10.3133/mf658.]
Pinedale lateral moraines (unit Qtp) alone upper Little Cochetopa i . > > . . . . west 1lank o .OHC E} oun aln. where they Torm a map-sca ¢ body. points (about 5 m horizontal accuracy) along traverses, roads, and at 1solated exposures eastward 1nto the map area from Paleozoic terranes located 1n the southern Sawatc . . > 2 DLy U ] : : : :
FAN ( P) & upp : : P conglomeratic mudstone. Gravels, conglomerates, and breccias typically 1 upper Pqncha Creek canyon southwest of Mears Junction. Maximum Porphyroblastic gneiss and schist generally have thicknesses of a few scattered throughout the map area. Approximately 3,000 observations with waypoints Range that presently contain Paleozoic strata (Shannon and McCalpin, 2006). The Clevel.and Mountain as far south a.s the Drgz Creek drainage represen.ts an early, §0uthem Shannon, J.R., and McCalpin, J.P., 2006, Geologic map of the Maysville quadrangle,
Creek. Based on the overall spread of cosmogenic nuclide exposure ages contain abundant clasts (75 percent to >90 percent) of Paleozoic exposed thickness about 80 m . ghout t P PPTO v . P g p Y cont . ( . PIL ) extension of the upper Arkansas River Basin half graben (compare with Van Alstine Chaffee C Colorado: Colorado Geological S Open-File Report 06-10
Qfy | Young fan deposits (Holocene and late Pleistocene)—Unsorted to on correlative geomorphic surfaces of Bull Lake till in the northern diment s, which P v carb P . dst 4 meters where exposed in small unmapped outcrops. Sample of porphyro- were recorded primarily on handheld digital tablets. Georeferenced imagery loaded onto probable lack of Paleozoic rocks in the Poncha mountain block area by the end of the 1968) that was abandoned. uplifted, and partly exhumed relative to the modern uppe’r 2193 ce (iunlt};.’4 (;’Ogra 0: Lolorado seological survey Upen-File Report Uo—10,
moderately sorted, stratified, angular to subrounded, pebble-boulder upper Arkansas River Basin (Schweinsbere and others. 2016: Kello se 11’1’1?11 ary rocks, whic al:e mos y. carbonates, §an stones, an . - Rhyolitic lava—Beige to pale-tan (bleached), hydrothermally altered, blastic rock from possible slide block in unit TduXI yielded zircon U-Pb the tablets were used to aid mapping; imagery consisted of light detection and ranging Eocene precludes a more local source for the slide blocks. The uppermost facies of the ) > > p., scale 1124, . ) ) .
gravel commonly in a silty sand matrix. Locally includes stream, asg others, 2017), an age of 5 67-95 ka is fssigned to these d’epositsg(gthat quartzites; other clasts consist of variable pfopornons of Proterozoic crystal-poor, massive rhyolite lava. Forms eroded plug-like extrusion at LA-ICP-MS age of ca. 1,745 Ma, with a single concordant age as young (lidar) hillshades with 1 m horizontal accuracy, color and gray-scale aerial photography, Dry Union east of the south Sawatch fault (northwest map area) is dominated by gravels ?riaﬁzarsnmzziﬁgei:?;li ﬂootrrtr(l) :I}llern:rﬂé’ presumably as movement along the Snyder, G.L., Brandt, E.L., and Smith, V.C., 1988, Precambrian petrochemistry of the
sheetwash, and recent landslide deposits too small to map separately. is. MIS 6 of Lisiecki and Raymo, 2005). Estimated thickness 10~70 m baslement rzo(;ks and Tertlari/ voleanic r((;(.:ks, EIOCk‘; of l?ro.tetrozoic rocks mouth of canyon of Clover Creek near southwest corner of map area. as 1,061 Ma (see table of U-Pb data) topographic maps, and aeromagnetic maps from Grauch and Drenth (2009) and Brown and sedimentary breccias rich in locally derived Proterozoic basement clasts (subunit oncha mou ont fault system increased. %orsthérn }Dark Rlaélge, Co}l’ore;do,.andll‘{)s 1mp111(3:2t310111i 6for stzudies[(glcrustaI. Il?;llvatlon:
Stratification defined by silty sand lenses interbedded with coarser ’ ’ ' as long as 2.0 m are present 1n some sedimentary breccia mntervais. Part of “pre-caldera lavas” of Lipman and others (2015) formin . . . . and Grauch (2019). The lidar imagery was especially beneficial for identifying and map- TduX). Overall, the Dry Union Formation in the map area is inferred to represent an ->. Leological survey Frolessional Faper » 116 p., 2 pls. [ Also available at
ravels. Relict bar-and—};wa?e/ topography is well expressed with Qgpb | Outwash gravel of pre-Bull Lake glaciation (middle Clasts, which are both matrix- and clast-supported, mostly consist of northernp aleo-topographic Wallpof Bonanza calde(ra A) e relati(%n of e Metavolcanic and metasedimentary rocks, undifferentiated (Mesqpro- ing surfi ia(l nit) and thful fi ftyand lang lid . a Rocks and dii’n ﬁt wer ’ nr %m 1 thgr rds the Miocene—Pli I:r)1 nrift uplift and )I:h mation MINERAL OCCURRENCES AND ENERGY RESOURCES https://doi.org/10.3133/pp1343. ]
& ! OPOBTap 1y P . ; angular to subrounded pebbles, cobbles, and small boulders. Large (tens cnp OPOSTAPTIC | . FOBETE terozoic? and Paleoproterozoic)—Tan to pale-to-dark-gray, foliated to PIng SUHElar nis and you . SHCE scarps. ROCks SCCMENTS Were HATOOTING sequence eeords the VHIocEne-HHoCene Syt * ub eXTAMAIO Economic mineral deposits are sparse in the map area with the exception of the Taylor, R.B., Scott, G.R., and Wobus, R.A., 1975, R i logi f th
commonly >1 m of topographic relief. Surfaces are locally characterized Pleistocene)—Pale-gray to pale-gray-brown, subangular to well- g P ’ ’ : s rhyolitic lava with surrounding trachyandesite lavas uncertain. Exposed locally massive, fine- to medium-grained, feldspar-rich metarhyolite sampled at selected sites for eventual geochemical, mineralogical, petrographic, micro- history of the Poncha mountain block and adjacent southern Sawatch Range block. The : pOSILs are sp ap p aylor, R.B., scott, .K., and Wobus, R.A., » Reconnaissance geologic map of the
by channels and levees formed from episodic debris-flow events. Soils rounded, pebble-cobble gravel in a silty sand matrix. Unit only preserved of(rineters 10n£§)l)pfrVaSI.V€1y "tf)ractltlred alrild(brec.Claltedtsttratat‘t:ou.rids ::HSCS thickness about 120 m metadacite met,av olcaniclastic rocks me‘éagreywacke psammite ’ structural, geochronologic, thermochronologic, cosmogenic, and paleontologic analyses. Dry Union also records the formation of small, closed lake basins presumably in areas ?on?la Spr}ngs .flluors$ar mining (fi}ts}:pc(tl ‘(\t/ra}ntAtllftme, 191169d, \Zalla;e, ;{)10). A nl\cjlw i—loward quadrz;ngle, c;\j[ntrall (83(9)120rad(i: (ngz g}gco)longllcal Sur\;eilecellaneous
. . . i i and masses of Paleozoic carbonate rocks (equivalent to subunit Sb; see > ’ > ’ ) . . . ) . . . . . : inactive, primarily surface mine of this district, the so-called “Poncha Fluorspar Mine,” tigati i —-892, :62,500. i t
generally have discontinuous stage I pedogenic carbonate development. near mopth of thFle Co.chetopa Creek in northweste.rnmost part of map . L . 4 ) Tpcg Pre-Conejos Formation gravels (upper Eocene)—Pale-olive-green, pale- uartzite. and felsic paragneiss. Excluding the quartzites. most rocks Minor, Caine, and Ruleman digitally compiled their respective field map data at of localized, pronounced subsidence flanking, and coeval with, the Poncha block uplift. . ve.p y surt uorspa nves. 1gations Series Map scale [Also available a
Along piedmont south of Salida. soils on older deposits of this unit have area. Soils have discontinuous stage II-1II pedogenic carbonate unit description below for details) are present throughout subunit. J 8 pp green, p q . ) paragnets gtheq > S . . . . ) ) . is located on the east side of lower Poncha Creek canyon. The fluorspar deposits there https://doi.org/10.3133/i892.]
&P : S postis development. Outwash eravel correlated with units Qg3 and Qa4 of Subunit inferred to have been deposited as proximal to distal alluvium olive-yellow, and tan-gray, well-consolidated, crudely bedded silty to have similar mineralogy dominated by plagioclase, potassium feldspars, 1:24,000-scale level of detail using ArcGIS. The geologic map geodatabase and associated Gently dipping, coarse, locally derived, Proterozoic-clast alluvial (unit QTa) and are hosted in a major north-northwest-striking, steeply dipping, brittle-contractional (but Tweto, O., 1961, Late Cenozoic events of the Leadville district and upper Arkansas
weak, discontinuous textural B horizons and more continuous stage I p : g ; 9 9 - sandy conelomerate with subordinate conglomeratic sandstone layers uartz, and biotite; sillimanite, muscovite, magnetite, maghemite(?), and metadata generated from this compilation are available at the USGS ScienceBase website diamicton (unit QTd) deposits of probable Pliocene—Pleistocene age unconformably . . o T . ’ . P ’ . . . Lo -
edogenic carbonate development. Estimated thickness less than 5 m Kellogg and others (2017). Thickness less than 5 m and mass-movement debris sourced from nearby elevated exposures of y cong . ng Y q > ’ ’ - Mag » Mag A . k . . . . . ) . . . extensionally reactivated) fault near its intersection with the Poncha fault zone. Veins valley, Colorado, in Short papers in the geologic and hydrologic sciences, articles
pecog P ' Paleozoic and Proterozoic rocks, as well as more distant volcanic and rare mudstone partings. Clasts consist of angular to subrounded almandine garnet are locally present. Feldspar and sporadic relict quartz (Minor and others, 2019). Geologic cross sections were constructed by Minor and Caine overlic moderately tilted deposits of the Dry Union Formation along the piedmont north in Proterozoic bedrock near the mine, as much as several centimeters thick, commonly 1-146: U.S. Geological Survey Professional Paper 424-B, p. B133-B135. [Also
Qfi Intermediate fan deposits (late middle Pleistocene)—Deposits similar to BASIN-FILL DEPOSITS terrane(s). Subunit present in northwest part of map area mostly east of pebbles, cobbles, and boulders of primarily Tertiary(?) mixed- phenocrysts and glomerocrysts are present in some foliated and nonfoli- with the assistance of Grauch, who provided acromagnetic constraints for subsurface of the Poncha mountain front and along the eastern base of the south Sawatch Range. consist of botryoidal-to-colloform ﬂu’orspar locally associated with chalceciony and (or) available at https://doi.org/10.3133/pp424B.] ,
young fan deposits (unit Qfy) in characteristics and mode of deposition, . . . . . . Little Cochetopa Creek. Maximum exposed thickness about 765 m composition volcanic rocks and sparse Proterozoic basement rocks, but ated units. Complex interlayering of calcsilicates, some with hand-sized structure based on recent geophysical surveys (Grauch and Drenth, 2009; Brown and These deposits likely represent later episode(s) of mountain-block surface uplift and carbonate. The veins locally penetrate into overlying, poorly lithified sediments of the Van Alstine, R.E., 1968, Tertiary trough between the Arkansas and San Luis Valleys
but are more dissected and incised. Soils are better developed than for Dry Union Formation (Pllocene.? and Mlocel?e).—Basm—ﬁll alluvial, . ) . in places Proterozoic clasts outnumber volcanic clasts. Some of the more sprays of actinolitic hornblende, and schistose units with felty sillimanite Grauch, 2019). Caine, Fridrich, and Minor examined and described thin sections of rocks exhumation associated with movement along the Poncha and south Sawatch range-front Dry Union Formation. Many of the veins near the mi’ne are located along fault slip Colora,do in ’U S éeological Survey Research 1968—Scientific notes and sum;na—
unit Qfy, with moderate argillic textural B horizons and common stage mass-movement, and lacustrine, variably lithified mudstone, sand/sand- - Lower Proterozoic-clast deposits—Tan, tan-gray, and reddish tan, rounded Proterozoic cobbles and boulders do not resemble basement and andalusite, exist in places. Includes units and lenses of porphyro- they mapped. Chan assisted with geologic mapping during the 2016 field season, fault systems. Units QTa and QTd record concomitant proximal-to-medial deposition of surfaces and are undeformed. These mineral assemblages, bedrock-fault permeability ties of inves tiéa tons in acology, hydrology, and related fields: U.S. Geological
I-1I pedogenic carbonate development. Relative elevational difference stone, gravel/conglomerate, and sedimentary breccia present in south- massive to stratified, intercalated silty sand/sandstone, sand{sandstone, rocks exposed in map area and may be derived from more distant blastic sillimanite gneiss and schist that are equivalent to map unit prepared samples for geochemical and geochronologic analyses and thin sectioning, basement detritus shed from the uplifting blocks. At least some of the boulder-rich features (such as fault veins and associated fractures), an (i presence in Dry Union Survey Professional Paper 600—,C p.Cl 58:C1 60. [Also available at
between Qfy and Qfi deposits increases down drainages from source western, western, northern, and northeastern parts of map area where pebbly sand/sandstone, sandy gravel/conglomerate, and sedimentary source(s). Pre-Conejos gravels are exposed south and southwest of YXpod but are too small to show separately at map scale. Map unit also examined and described thin sections of the Tertiary volcanic rocks, and analyzed diamicton in the downthrown block of the south Sawatch fault (northwest map area) may deposits suggest the fluorspar was precipitated in as sociation with hot s prings that https:/pubs.er.usgs. gov /publicatio, n/1;>p600C 1 )
areas to local base levels, but generally Qfi deposits are less than 3 m they unconformably lap onto the Eocene—Oligocene volcanic and breccia. Clasts are predominantly angular to subangular pebbles, Mears Junction where they lap onto Proterozoic basement rocks (unit includes, particularly in lower canyon of Poncha Creek, distinctive geochemical data from these rocks. Brandt populated, edited, and managed the map represent older glacial till associated with early glacial advances in the middle became active during and after extensional faulting. Such hot springs are also likely Van Alstine. RE.. 1960, Geology and mineral der.)osits of the Poncha Springs NE
above Qfy deposits within map area. Estimated thickness less than 5 m Pr.oter(?zou.: bfasement rocks. Generally p°9rly exposed; exposures cobbles, b.oulders, and blocks (as. much as .several meters long) of YXvs) and possibly fill a broad paleochannel cut into basement rocks; to compositional-layer-parallel and lesser layer-cutting units of foliated geodatabase and made some lidar-based interpretations of Quaternary geologic features Pleistocene. Sequences of variably dissected early-to-middle Pleistocene pediment and associated with recent travertine mounds (unit Qt) as well as the currently active “Poncha quadra,ngle ’Chaffe,e County, Colorado: U.S. Geological Survey Professional Paper
. . o la primarily limited to S:hagnels and small ?hffs of arroyos gnd canyons. Proterozoic bas.ement rocks, bm in places include rognded pebbles and the west and south, overlying Conejos trachyandesite lavas (unit Tca) amphibolite that are too small to map separately as unit Xam. Distinctive, in ArcGIS. Morgan and Cosca performed *°Ar/*?Ar geochronology of volcanic rock fan deposits (units Qfo1, Qfo2, Qfo3, and Qfi) are concentrated along the northern Hot Springs” located along the Poncha fault (compare with Wallace, 2010) 626,52 p ,6 pls. [Also avail’able at https://doi.org/10.3133/pp626.]

Old fan deposits (middle and early? Pleistocene) —Generally crudely Age range of formation inferred from middle and late Miocene “Ar/*Ar cobbles of Tertiary(?) volcanic rocks. Mapped subunit forms basal Dry overlap and bury gravel-basement contact. Maximum exposed thickness but spatially limited, meters-thick units and lenses of white ortho- samples collected in the map area (Morgan and Cosca, 2017). Holm-Denoma completed piedmont and in the south part of the map area at the northern end of San Luis Valley. S . - ’ Van Alstine. R.E.. 1970. Allochthonous Paleazoic blocks in the Tertiary San Luis-upber
stratified, unsorted to moderately sorted, angular to subrounded, ages on sanidine of air-fall(?) tuff layers in map area (9.30+0.04 Ma Union section where formation laps onto Proterozoic basement rocks of gravels about 150 m quartzite with minor intergranular muscovite are present within meta- mineral separations and laser-ablation inductively coupled mass spectrometry Thin lag gravels (unit QIg) of probable early-to-middle Pleistocene age that rest on old A few shows of sulfide mineralization, particularly chalcopyrite, as well as Arkansas eraben. Colorado. in U.S. Geological Survev Research 1;};0. Us Geolljcl;) cal
pebble-boulder gravel in a silty sar?d.and Flayey silt matrix. Deposits [mega-annum, million years] and 15.6+0.3 Ma) (see table of argon age (unit YXvs) southwest of Poncha Pass (southwest part of map area) and Kri Rhyolite dikes (Late Cretaceous)—Phenocryst-poor, microcrystalline volcanic and psammite intervals. Transpositional foliation is defined by (LA-ICP-MS) zircon U-Pb geochronology on samples of metamorphic and igneous relict erosional surfaces are scattered through upland parts of the west map area. Bull chrysocolla were observed in basement roc.ks in the southern map area porth of Camp Surve Pr?) fessio’nal Paner % 0 O—E : B43 —gB 51 Alsoyavailable ot B &
generally have well-developed argillic soils and common stage I.I_HI data) and previously reported Miocene and questionable Pliocene ages along the Poncha range-front fault system near mouth of Poncha Creek yolte Qi . OCTyst-poor, 1 Ty ’ complete recrystallization of mineral grains destroying primary textures basement rocks (Holm-Denoma and others, 2019). Approximately 700 measurements of Lake- and Pinedale-age glacial moraines (units Qtb and Qtp) and outwash gravels Rock Gulch ar.1d east qf Murphys Hole. Oxides, oply locally obseweq, include ht /}/I b I/) blicati ’ I; 700B ’
pedogenic carbonate development. Clast composition is predominantly of Mammalian vertebrate fossils (Van Alstine and Lewis, 1960; Van canyon (north part of map area). In latter area, some Proterozoic-clast ;h?/.ol}te dges, 111-'[015 mzters \lmde, massllve DtQkStTQHg 1:11tell;na1 flow or features, discrete to clotty biotite layering, and variations in grain size magnetic susceptibility were made by Caine at Proterozoic rock outcrops and the data (units Qgb and Qgp) are preserved in the Little Cochetopa Creek drainage (northwest manganese oxide coatings on fractures and hematite on some fault slip surfaces. Clay Van Al It)s ' p}u{ ]SE er.1119s7g:.g((;v [;u fea g)n pp 1 d.] its of the Poncha Springs SE [Salid
locally derived Proterozoic metamorphic and intrusive and Tertiary Alstine, 1974; MacKenzie and Sertich, 2016). Estimated maximum gravels and breccias near basal contact are characterized by wispy, bo 1at1on.t OCE ya 'tterYeX toc a}(; mmerats.. 1 tees 1n‘fr1; ; rf[)}:etrozow of compositional layering. Metavolcanic rocks may be distinguished were used in preliminary geophysical modeling by Grauch for cross-section construction. map area) at and below the south Sawatch Range front, and similar outwash gravels are minerals are common in discrete zones of argillic alteration along faults, particularly o Wse;ge, uadranele ’Chz(f)fgeg}ézﬁntmlgzrlzragg.o; ssoGeOelo 01221 gurlzzr;ng;rofessiiriala
volcanic rock 'types, 1nclgd1ng clasts reworked from underl.ym.g deposits thickness of Dry Union deposits >2,500 m in northeast, north, and sinuous, dlscoptlnuous, micaeous shears anfl thlq layers w1th a weak ?ngef}t rocKks (uni . tVS) iﬁ arte Sfp; 1a g’ aI?IS?[CSIa ed wi dVZ}? ZO':}lles from metavolcaniclastic and metasedimentary rocks based on mineralogy also preserved in the nearby Pass Creek drainage. Late Pleistocene-to-Holocene fan in association with the Poncha fault zone. Several prospects, most notably those . Paner 229 19 g ;cale 194 000 E];klso availa.ble. a:£ hit S_i b er.us ys o/
of Fhé Dry Union Forma.tlon. Many clasts are weather.ed W,lth tron northwest parts of map area; thickness likely <500 m in southwest part. phacoidal fabric .that are subparallel.to stratlﬁ(.:atlon. Subunit inferred to Ob ioglkjnvflrii’ one ];}115 sou Ceas OR (i(ncG al ho PIINES an th V; (;1 e and texture; for example, plagioclase porphyroclasts in the former versus GEOLOGIC SUMMARY (unit Qfy), alluvial (unit Qa), mixed alluvial and colluvial (unit Qac), and landslide between Camp Rock Guich and Poncha Pass, were Qbsewed m t?asement pegmatites uglicatioil/ l[8)2,9 ] T PP
stalr.nng and desert varnish. Mostly d.ep051ted as alluvium 11} fans and as Deposits previously mapped as Dry Union Formation by Van Alstine have been deposited chiefly as proximal alluvium and mass movement abou 0 the south, nc.:a.r aml_’ ock aule (cpmpare wi atlace, sillimanite, muscovite porphyroblasts, and garnets in the latter; thin STRATIGRAPHY (unit QIs) deposits floor larger stream channels, valleys, and mantle slopes throughout (unit Ypeg) in the southern map area where muscovite and possibly beryl were v 151 tine. R Epfi 975‘ Geolog fthe B NE d le. Chaff d
pediment gravel veneers. Geomorphic upper surfaces of unit are (1974; 1975), Scott and others (1975), Taylor and others (1975; “lower debris shed from adjacent elevated mountain blocks cored by Proterozoic 2010). Based on float, add1t1qnal dikes are pr.esent in these two areas interlayers of calcsilicates with hornblende sprays is also interpreted to the map area. excavated in the past. an Alstine, R.E., 1575, Geologic map of the bonanza quadrangle, Lhattee an
commonly roughly planar and include thin eolian silt veneers. Thickness part”), Shannon and McCalpin (2006; “South Arkansas graben basement rocks. Maximum exposed thickness about 100 m beyond those mapped. Associated fluorite veins locally cut one of the be evidence of sedimentary protoliths. Metavoleanic and meta- The oldest rocks in the map area, forming the elevated high-relief basement core of Saguache Counties, Colorado: U.S. Geological Survey, Open-l?ﬂe Report 7553,
is generally 2 to 5 m but may locally exceed 10 m. Deposits flank seque;lce”) and Kellogg and others (’2017)' Deposits in map area dikes as well as basal Dry Union Formation deposits (subunit TduXIl) in sedimentary rocks are wi(ri}elsp read bu;[ enerallv poorly exposed excent the Poncha mountain block, consist of Paleoproterozoic and possibly Mesoproterozoic STRUCTURE scale 1:62,500. [Also available at https://pubs.er.usgs.gov/publication/ofr7553.]
southern and northern sides of the Poncha mountain block, south and lated i h denosits of the type Dry Union F i ioinall VOLCANIC ROCKS the vicinity of Poncha Hot Springs. One rhyolite dike just above Poncha Y pread, bt & Y POOy exp P metavolcanic and metasedimentary rocks and amphibolitic, gabbroic, granodioritic, and Lo . . . . Van Alstine, R.E., and Lewis, G.E, 1960, Pliocene sediments near Salida, Chaffee

! . > correlated with deposits of the type Dry Union Formation as originally . . . where outcrops are abundant in the lower canyon of Poncha Creek; unit SR . . ’ ’ ’ Deformation in the map area is diverse, ranging from ductile folds to brittle faults, ; i . i
- : Fluorspar Mine, on Poncha Mountain range front in north-central part of . . . ; County, Colorado, in U.S. Geological Survey Research 1960—Short papers in the
. sy P ) g p ranitoid intrusive rocks (map units YXvs, YXpod, Xgd, Xmg, Xam, and Xgag). These .. . . . . . . y. g y pap
southeast of Poncha Pass and on the north-sloping piedmont north of the defined by Tweto (1961) near Leadville at north end of upper Arkansas - Bonanza Tuff (lower Oli ne)—Pale-tan to -tannish brown, lithic-rich forms main Proterozoic basement core of Poncha mountain block in g (map » YAPOd, Agd, AmMg, ’ 9ag) ts. and lized that fi Tertiary t t Ductil . . . .
' ' : . s - onanza Tull (fower ligocene)—rale-tan to -fannish brown, thic-rich, map area, intrudes a fault zone and appears to have been brecciated b . b Kk b d ite i ' itY £ possibl - joints, and mineralized veins that range in age from pre-Tertiary to Quaternary. Ductile Geological Sciences: U.S. Geological Survey Professional Paper 400-B, p. B245.
Poncha fault, respectively. The old fan gravels flanking the northeast River Basin; generally, deposits in map area resemble type Dry Union | ! | Ided. daciti hvolitic ienimbrite. C | p > pp y tral and southeast parts of - unit al d th of asement rocks are cut by scattered pegmatite intrusions (unit Ypeg) of possibly Meso . . . . .
side of the Poncha mountain block are inferred to have been deposited denosits in terms of appearance. ace. and mo de(s) of deposition. The crystal-poor, platy, partly welded, dacitic-to-rhyolitic ignimborite. Crysta subsequent fault movement. Rhyolite dikes yield zircon U-Pb (uranium- centra’ and southeast parts of map area, Unit aso exposed Near mouth o geologic structures are restricted to the Proterozoic basement rocks chiefly in the central [Also available at https://pubs.er.usgs.gov/publication/pp400B.]
as progradational fans representing a dropping base level associated DrI;, Union Formationpiz regioneill}% e’quivalent to basin gu depo.sits of ;ragmenti con;r;qsefi o{ Sl;amdllne (abou;? per(;:en.t),.flzlezlgloclasilgabgut lead) laser-ablation inductively coupled mass spectrometry (LA-ICP- ]5353{[ Cg%eok n Eortheastfr?.most parlt Of, map area..tTl}lcll;ne.ss at léa;tb Wallace, A.R., 2010, Fluorine, fluorite, and fluorspar in central Colorado: U.S. Geological
e .. . Coe . i percent), and biotite (about 1 percent) in a devitrified, to oxidized, . 0 m. Representative samples 1n map unit yield zircon U- S Scientific I L R 2010-5113. 61 Al {abl
with incision of the Arkansas River system. Unit divided into three age : : : : A . . i MS) ages of circa (ca.) 65 Ma, ca. 67 Ma, and 68.6+0.6 Ma (see table of urvey Scientific Investigations Report , 61 p. [Also available at
subunits based on degros of geomorpiic reservation, fnset relationsg the tiantaCFelGrc:iup én I)he '1?0 fGtr}ftnclge rlg of noghetheW Mf;fgo ant{i glass matrix. Lithic fragments (as long as 1 m) chiefly consist of andesitic U-Pb data) LA-ICP-MS ages of 1,706.2+7.4 Ma, 1,717+24 Ma, 1,741%11 Ma, and Summary of zircon U-Pb ages for basment metamorphic and igneous rocks in the Poncha Pass map area. https://pubs.usgs.gov/sir/2010/5113/.]
relative elevation of dep osits. and correlation to ﬂuVi;I dep osits alon:g Z(t):d llelrE]a[());I::l [())llirrllarlilll}lllbsa:e d Oen drgmlr?;?l?clzgii)z;loasiilo; Oe;en - rocks. Source of tuff is Bonanza caldera (Lipman and others, 2015 ) whose 1,770.0422 Ma. One sample with a poor zircon yleld appears to be as [All samples were collected by J.S. Caine. All sample geochronology preparations and U-Pb analyses were performed in Denver, Colo., by C. Holm-Denoma. Abbreviations: U, uranium; Pb, lead; ca., circa; Ma, million years; Ga, billion years; NA, not applicable.
. ’ northern topographic wall overlaps southern border of map area. In map Data are available at https://doi.org/10.5066/P96HNSNL (Holm-Denoma and others, 2019]
the South Arkansas River, after Kellogg and others (2017): inferred depositional environment; all mapped subunits grade or inter- mi ; . i prdorory ’
’ > area, tuff exposures limited to three small, thin, outflow remnants: (1) talus-
Qfo3 Youngest subunit—Deposits occupy lowest relative elevational position finger laterally and up-down section into adjacent subunits. Subunits forming remnant plastered on Conejos dacitic lava (unit Ted) in northwest Iiam;i)le N UJM*( e UTMZ‘ : l;/lapt}J;lit Lithology Ll’lter[();;tid + Age (Ma) Comments on Age
consist of the following: map area; (2) remnant plastered against Proterozoic basement rocks in umber orthing (m asting (m ymbo ge(Va
Qfo2 Intermediate subunit—Deposits occupy intermediate relative elevational p ’ . .
it Td Polymict deposits—Pale-tan, -brown, -gray, and -greenish gray, friable to southeast area; and (3) remnant plastered against caldera topographic S 4045594 leani ks in the Poncha P. ] . oo Mainly inherited analyses of ca. 1.7 and ca. 1.4 Ga. Few analyses
position = vgell—cons}))lidated mostly mOderatelygtO zven'Stiﬁﬁed ifter}];edded wall on southwest border of map area. Lipman and others (2015) reported [erlner:lml)ez{:olle};ted; asgfjljl?n‘;f len"f’CA:/?;: al:allt sis Oe’:fc()rrciledaiilsll:zzjefrcezo by L.E. Morgan and M.A. Cosca. Abbreviations: SH, step heat; SCTF, single crystal total fusion; WR, whole rock; BT, biotite; SAN A Honem e “ rhvelte ke e " area. %15 a. ' ]
Qfot Oldest subunit—Deposits occupy highest relative elevational position. laystone, siltsil il , a mean “Ar/*Ar (sanidine) age of 33.12+0.03 Ma for outflow Bonanza TP e Y A e i ol N T B 92117-9A 4261015 406350 Kri hyolite dik 67 NA Mainly inherited analyses of ca. 1.7 and ca. 1.4 Ga. Two concordant
Subunit correlated with terrace gravels “No. 7° of Behre (1933) and mudstone/claystone, silt/siltstone, silty sand/sandstone, sand/sandstone, Tuff. Maooed as lower and uoper el.ded tl;,ffb Van Alstine (1975) sanidine; Ma, million years; MSWD, mean square weighted deviation; P, probability. Data are available at https://doi.org/10.5066/F7PV6J8X (Morgan and Cosca, 2017)] n rhyolite dike ca. analyses at ca. 67 Ma.
. uff. A4 U w . »
Powers (1935) and “Qg1” of Kellogg and others (2017), who report pebbly §and/sandstone? sandy gravcl/conglome.rate’ gra.vel/conglomerate’ PP PP Y Sample UTM UTM . . Geochronologic +Age 91511-19A 4260368 406271 Kri (subcrop in YXvs) rhyolite porphyry 68.6 0.6 Weighted average of **Pb/”*"U ages of most concordant analyses.
> and sedimentary breccia. Layers of coarser-grained sediments are Rhvolitic 1 1 Oli —_Pal : Iv flow-1 d Numb Northine* Easting® Map Unit Symbol Lithology Method Age (Ma) 5 MSWD P Minor inheritance of ca. 1.7 and ca. 1.4 Ga grains.
lithologic and paleontologic evidence that the unit was deposited in a : . yolitic lava (lower Oligocene)—Pale-gray, conspicuously flow-layere umber orthing asting etho c - . L . , . .
lacial . ¢ commonly lenticular or channelized. Locally sands and gravels are and -folded crystal-poor rhyolitic lava. Contains phenocrysts of sanidine 92217-4A 4262577 415967 YXvs porphyritic metadacite ca. 1398 NA Minimum age, very low zircon yield, multiple analyses on 3 grains.
non-glacial environmen i ili i . . L - RGB12102 4262731 410817 Td ir-fall(?) tuff SAN-SCTF 9.30 0.04 0.74 0.53
Qoa er alluvial deposits (early Pleistocene?)—Pale-tan, -yellow, -gray, an > > g titanium) oxides set in a glassy, intersertal groundmass. Forms PP15147B 4262300 414908 Td ir-fall(?) tuff SAN-SCTF 15.6 03 123 0.19
-ocher, friable, crudely to well-laminated and -stratified, sand, silty sand, with most clasts composed of variable mixtures of intermediate- to plug-shaped extrusion between confluence of Poncha and Silver Creeks up air-fall(?) tu ’ ’ ’ ' 72215-2A 4256516 411691 Xmg microgranitoid 1714 22 Weighted average of 27Pb/2"Pb ages.
gravelly sapd, and sandy gravel. Clasts consist of mostly (75-95 percent) sﬂgnp—corppoi’ltlon Tertlar}l/( V.olizamc rocks .and Proter(;zmc ;nge(;[amorphlc along southwest border of map area. Lipman and others (2015) reported a FP13016 4250525 407305 Ted phyric dacitic lava BT-SH 334 04 0.7 0.59 9081—4A 4257786 412415 YXvs orthoquartzite 1717 24 Intercept age, modern Pb-loss apparent, unimodal age population. View, looking east-southeast, of northern front of Poncha mountain block
locally derived, angular to subangular pebbles, cobbles, and small boulders and intrusive basement rocks; clast proportions range from >90 percent “Ar/YAr (sanidine) age of 33.05+0.09 Ma for the lava. Exposed thickness PP13037 4259320 403028 Ted (in Qls slide mass) phyric dacitic lava BT-SH 336 0.4 1.36 0.24 showing trace of the Poncha fault (white curved line; bar and ball on
of Proterozoic basement rocks, and lesser (5-25 percent) subrounded to Volcan;ctrocks go 1>90dpfr§ent Easgmetllt lgoTks, tho(l(l)%h m(:tlfmp(()imons about 140 m 72215-3A 4256580 411161 Xgd granodiorite 1722.3 9.5 Weighted average of 2"Pb/**Pb ages. downthrown block, opposing arrows show strike-slip component of move- AN
rounded pebbles and cobbles of mixed Tertiary volcanic rocks. Unit present range between S:1 and 1:5; subordinate FFaleozoic( () quartzite an PP14158 4254530 402758 Tea (u transitional andesitic- . _ ment) where it juxt d its of the Mi _Pli Drv Uni T e
. . . . . : :  Thi ; pper) .\ SAN-SH 339 0.4 1.32 0.24 51812-11A 4259059 408091 Xad diorit 1737.9 72 207p} /206 Juxtaposes deposits ot the IVilocene—riliocene Ury union ¥ i
in central and eastern parts of the northern piedmont where deposits carbonate clasts accompany the Vglcanlc and b.a’sement (?lasts in Volcanic rocks ‘f)f It}ear ((j;etek (lower .?llgtllcen%?) Tf}]lm’ ltc))cahz.ed . dacitic lava 9 granodiorte Weighted average of Fb/™Fb ages. Formation (units TduXI and Tdup) on the left against relatively upthrown ; f: D "F‘_VW b
form remnant, dissected alluvial aprons that lap southward onto bedrock nq;tlhwe.:t_?;rt Oémap i“reii esPe‘ilauy ntear lunit S gradaftlonal c‘t?l?ltaci fg&tinﬁ;ﬂ?;rsr:;nisggxﬁz dl?r?azvrialf ::Z’a (gvi] k;fzc)cisl;jﬁh end RGB12077 4254956 402161 Tca andesite lava WR-SH 33.92 0.08 0.66 0.75 90811-1A 4258544 412598 YXvs metarhyolite 1741 1 Weighted average of *Pb/Pb ages. Proterozoic basement rocks (unit YXvs) on the right. Visible Poncha Hot
units of the Dry Union Formation below the base of the perched old with unit 1duz. Gravel and conglomerate clasts range Irom peboles to : . . e . . Peak unimodal age population at 1,745 Ma, single concordant Sprin d Poncha fl i incid ith Poncha faul Quarry exposure (at canyon mouth of Little Cochetopa Creek) of normal fault zone cutting pre-Bull
. 1411-15A 426164 4 h 1 1 174 NA 5 5 prings an oncna rluorspar mine are coinci ent wit oncha fault trace, ! - . h ) e
alluvial deposits (unit QTa). Exposed thickness ranges from 10 to 15 m boulders as long.as 1 m and mostly range from subangular to well of Bear CFeek near northeast corner of map area. Lavas lap onto RGB12079 4254418 401844 Tea andesite lava WR-SH 33.92 0.08 158 015 9 5 61648 06386 YXpod (roadcut in TduXI) porphyroblastic quartz, sillimanite, mica gneiss ca. 1745 analyses as young as 1,061 Ma. and reverse fault zone and rhyolite dikes in its footwall are located in area of Lake glacial-outwash gravels (map unit Qgpb). Faults and their sense of dip slip are indicated by
rounded; volcanic clasts tend to be somewhat more rounded than the Proterozoic basement rocks (units YXvs and ng) and are unconformably RGB12075 4255206 400426 Tea andesite lava WR-SH 34.14 0.08 133 0.22 92112-28A 4253885 404813 YXvs quartz, mica, garnet schist 1770 22 Intercept age, modern Pb-loss apparent, unimodal age population. pale-gray outcrop at center skyline. Mouth of Poncha Creek canyon is unbroken white lines and opposing arrow pairs, respectively. “P” indicates distinctive paleosol

*Datum: North America 1983

*Datum: North America 1983

visible just above trees in foreground, and summit of Poncha Mountain is in

upper right of photo. Arkansas River, where it exits the upper Arkansas River

Basin, is just visible at left edge.

layer offset by faults. View looking east, parallel to overall fault strike. Faults are roughly
coincident with, and likely represent Pleistocene reactivation of, the Poncha frontal fault zone.
Pick next to right-most fault about 0.65 meter long.

Roadcut exposure (Little Cochetopa Creek canyon, northwestern map area) of thick, tilted
bed of sedimentary breccia (map unit TduX) composed exclusively of subangular, locally
derived clasts of Proterozoic metamorphic (gray clasts) and intrusive (large boulders)
sandstone beds and a 15.6-million years (mega-annum, Ma) air-fall tuff layer (white thin, rocks.

about 1-meter [m] -thick ledge in left center). Largest trees in foreground are about 4 m in

kinematically related to the Poncha fault. Rock height.

hammer at lower center about 0.3 m long.

Exposure of tilted strata of the lacustrine facies of the Dry Union Formation (map unit Tdul)
in northeastern map area 1 kilometer south of the Arkansas River. Here, pale-brown
mudstone intervals (smooth slopes) are intercalated with subordinate, ledge-forming buff

Outcrop of flow-foliated and jointed Oligocene trachydacite flow (map unit Tcd) near
0’Haver Lake in western map area. Rock hammer at right center about 0.3 meter long.

Cliff exposure of tilted, polymict gravel beds of the Miocene—Pliocene Dry Union Formation
(map unit Tdup) in northeastern map area. Resistant beds in right side of photo, about
0.3-1.0 meter thick, are relatively compacted and (or) weakly cemented.

Close-up view of typical polymict Dry Union gravel (map unit Tdup) containing rounded
clasts of volcanic provenance and subangular clasts of locally derived Proterozoic rocks.
Pick about 0.5 meter long. Outcrop location is east of Poncha Creek approximately 0.3
kilometer north of Poncha Hot Springs.

Outcrop of rhyolite dike (map unit Kri) intruding, and brecciated by, a brittle fault zone
above the Poncha fluorspar mine. Scale 12 centimeters long.

Roadcut along US 285 in Poncha Creek canyon exposing layer-parallel metabasalts (map
unit Xam) intruded into metavolcanics rocks (unit Xvs).

Outcrop of metavolcanic rocks (map unit YXvs)
along US 285 in Poncha Creek canyon, Colo.,
about 500 meters (m) south of the Poncha mountain-
front fault. Rocks in outcrop are cut by numerous
conjugate fractures and small-displacement faults

Outcrop of porphyroblastic, sillimanite gneiss typical of map unit YXpod, colloquially
known as pod rock. Outcrop located on hillslope east of US 285, midway between Poncha
Creek and summit of Poncha Mountain. Head of rock hammer about 20 centimeters long.
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