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T.31IN. /-7 P/ S . . g ° WA g 9 5 8 9 q
~ X 47493 ‘”f?// AT, k / 3 < P = L ! . SURFICIAL DEPOSITS The Sunshine 7.5' quadrangle is located in the south-central part of the San Luis Basin of
T.30 N. ' 1 - ) e i T. 30 N. s A N northern New Mexico, in the Rio Grande del Norte National Monument (fig. 1), and contains
\ ‘ P B . 5 / ~—~ Y . Alluvial and deposits that record volcanic, tectonic, and associated alluvial and colluvial processes over the past
H Y Plegllﬁ?\?itdgllope %gllg:ilél Colluvial deposits four million years. Sunshine Valley, named for the small locale of Sunshine, is incised by a series of
P P p i R northeast-trending drainages cut into Tertiary and Quaternary alluvial deposits forming an extensive
= == So=====7% Qa v A Le e } Holocene alluvial apron between the east flank of the Sangre de Cristo Mountains and the Rio Grande. These
Qsw Qsa - Qac Qf =N AN = 11.7 ka deposits predominantly overlie gently eastward-dipping lava flows of Pliocene Servilleta Basalt
Qay PP A } Late ; ;
?—2 SR N 126 ka Table 3. “Ar*’Ar incremental heating data for select samples in or near map area empte(titil:lrorlll centte;st west of ;he n;?ﬁ area. lS erv.llleta tBasal; tllzwazrﬂowpsltt:rmmat;e to .thi,scl);ﬂ;
_______ |— B Q i S ad . [Sample numbers starting with RGR determined using whole rock chips. Sample numbers starting with RA reported from Appelt (1998) determined from groundmass against (he elevated topography ot three vo cam(.: centers ol the faos Hial eau‘vo canic field. 1‘01:[1
P R~ e @ o/ o e s s e A O am— T [ N 9 A\ L & 0 wnd ) e Y - == === ==s======T 80 Qs . 2at | . concentrate (g.c.); location coordinates for RA sample are approximate] west to east these are Cerro de la Olla, Cerro Chiflo, and Guadalupe Mountain that are exposed in
40g0o0om. N, U D IR R R et Al the southern part of the map area (fig. 2). Remnants of Miocene volcanic rocks are exposed near
- o . 0 . Q S L o > L OUATERNARY Sample no.  Easting Northing ~ Map Symbol Map Unit Name Age (Ma) error Material Method the southwestern edge of the map area and record evidence of an eroded volcanic terrain underlying
WA L R i “  Plei ¢ deposits of the Taos Plateau volcanic field. These deposits are likely fault bounded to the east,
Qao, RN A P r Middle eistocene RGR-62* 438706 4065243 Tsb Servilleta Basalt 3.19 0.10 (2 sigma)  wholerock  Plateau roughly coincident with north to northwest trending, down-to-east faults in the southwestern
- ? RGR_78* 436080 4090439 Tsb Servilleta Basalt 343 0.12 (2 sigma) whole rock Plateau quarter of the.map area. The .down-to-east norn.1a1 faults reflect the basm'ward 1.111grat10n of the
1 OLDER SEDIMENTARY . western margin of the Sunshine Valley sub-basin of the southern San Luis Basin (Ruleman and
DEPOSIT RGR-6* 442165 4065515 Tag Trachyandesite of north Guadalupe Mountain ~ 5.02 0.05 (2 sigma)  whole rock Plateau others, 2013).
""" e RGR-276 442869 4068688 Tag Trachyandesite of north Guadalupe Mountain ~ 5.02 0.03 (2 sigma) whole rock Plateau Pliocene and younger basin deposition was accommodated along predominantly
} Early RGR_305% 432527 4065550 Tao Trachyandesite of Cerro de la Olla 461 0.16 (2 sigma) whole rock Plateau north-trending fault-l?ounded grabens and is preserved as poorly .exposed fault scarps that cut laya
079 2.59 Ma 3 . . . o flows of Ute Mountain volcano, north of the map area. The Servilleta Basalt and younger surficial
079 4 RGR-143* 435125 4066920 Tve Dacite of Cerro Chiflo 102 1.0(2 sigma) biotite Plateau deposits record largely down-to-east basinward displacement. Faults are identified with varying
LAVA FLOWS AND RELATED DEPOSITS RGR-145 434436 4071090 Tmd Basaltic trachyandesite dike 17.63 0.09 (2 sigma)  wholerock  Plateau confidence levels in the map area. Recognizing and mapping faults developed near the surface in
OF THE TAOS PLATEAU VOLCANIC FIELD RALL0 YT 4071893 . Trachvbasalt 247 0.06 (1 si Isochn relatively young, brittle volcanic rocks is difficult because: (1) they tend to form fractured zones
) Tsb i B ) 06 (1 sigma) gt sochron tens of meters wide rather than discrete fault planes, (2) the relative youth of the deposits has
e 2 130 000 - Pliocene Northing and Easting values in UTM meters using NAD 27, zone 13. resulted in only modest displacements on most faults, and (3) some of the faults may have
FEET *Indicates sample site located outside of map area. significant strike-slip components that do not result in large vertical offsets that are readily apparent
A in offset of sub-horizontal contacts. Those faults characterized as “certain” either have distinct
R  TERTIARY offset of map units or had slip planes that were directly observed in the field. Lineaments defined
N from magnetic anomalies form an additional constraint on potential fault locations.
= e J The mapped distribution of units is based primarily on interpretation of U.S. Geological Survey
2 neonformity 3 (USGS) 1:40,000-scale, black-and-white, aerial photographs, U.S. Department of Agriculture (USDA)
w18 = - color orthoimagery, and 2012 GeoEye (http://www.digitalglobe.com/resources/satellite-information)
3 Unconformity \ Miocene satellite imagery. Most of the contacts on the map were transferred from the aerial photographs
S INTRUSIVE using a photogrammetric stereoplotter and subsequently field checked for accuracy and revised
ROCKS J J based on field determination of allostratigraphic and lithostratigraphic units. Determination of
lithostratigraphic units in volcanic deposits was aided by geochemical data, “°Ar/*Ar
geochronology, and acromagnetic data (Bankey and others, 2005). Supplemental revision of
mapped contacts was based on interpretation of USGS 1-meter orthoimagery. The geologic
mapping was carried out in support of the USGS Rio Grande Basins Project, funded by the USGS
=== National Cooperative Geologic Mapping Program.
i %077 DESCRIPTION OF MAP UNITS Qay Younger piedmont-slope alluvium (late Pleistocene)—Top of unit Qay is about 3 m younger than, the about 3.5 Ma-Servilleta Basalt. The minimum age of unit QTsf
w7 ‘ ) ) ] ) ) o ] above channels of ephemeral streams in the western part of Sunshine Valley and is not well constrained in the map area. However, tephra in nearby areas help to
[The surficial units on this map are informal allostratigraphic units of the North American about 3 m below the top of unit Qai (table 1). In the adjacent Ute Mountain constrain its minimum age. About 25 km south of the map area near Questa, New
-------- Stratigraphic Code (North American Commission on Stratigraphic Nomenclature, 1983), whereas quadrangle, deposits of unit Qay appear to be graded to deposits of unit Qf. Mexico, the upper part of the Santa Fe Group contains the Tsankawi Pumice Bed
the other map units are informal lithostratigraphic units. For this reason, subdivisions of Stage I and weak stage II carbonate morphology on clasts in unit Qf suggests that of the Tshirege Member of the Bandelier Tuff (Pazzaglia and Wells, 1990) that ACKNOWLEDGMENTS
stratigraphic units use time terms “late” and “early” where applied to surficial units, but use unit Qf, as well as unit Qay, accumulated during the Pinedale glaciation (table 2 has a K-Ar age of 1.12 + 0.03 Ma (Izett and others, 1981). About 33 km
position terms “upper” and “lower” where applied to lithostratigraphic units. The mapped surficial in Machette, 1985), about 12-30 ka (Nelson and others, 1979; Benson and northeast of the map area near San Luis, Colorado, the upper part of the Santa Fe The authors thank Chris Fridrich and Paul Carrara of the U.S Geological Survey for their
50 50 depos@ts (Qao, and younger) are known or estimated to be at least 1 m thick. Most of these others, 2004, 2005). Deposits of unit Qay could be as old as 4047 ka (Cole and Group contains Lava Creek B ash less than 2 m below the eroded(?) top of the thorough reviews that greatly. improved the report. B.J. Drenth prepared aeromagnetic data used to
deposits are poorly exposed. . . . others, 2007). Estimated thickness is 1-3 m unit (Machette and others, 2008). The ash has a *’Ar/*Ar age of 639 + 2 ka constrain faults in the volcanic rocks.
. Surﬁcml map units locally include sheetwash alluvium (Q?W), and alluvium and.colluvmm, - Intermediate piedmont-slope alluvium (late? and middle Pleistocene)—Top of (Lanphere and others, 2002). Exposed thickness is 1-2 m, possibly as much as 50
unﬁwlc}i’d (Qﬁc)’.that(age o slrlnalI i ShOZV. a.sdszp(a(r)at;: mac};) urlnts.((l\)/I;nIy (;1fthe. depos1;[is of unit Qai is about 6 m above channels of ephemeral streams in the western part of m (Winograd, 1959)
%76 valley-floor alluvium (Qa), colluvium, undivided (QC), and talus (Qt) in the Rio Grande gorge are Sunshine Valley and about 6 m below the top of unit Qao, (table 1). Unit Qai
“7g too narrow to show at map scale. Thin (<50 cm), discontinuous sheetwash deposits (Qsw) locally may have acculynulated during the Bull Lakepglaciation atfo(ut 120_)1 70 ka (Sharp LAVA FLOWS AND RELATED DEPOSITS
mantle gently sloping map units. and others, 2003; Pierce, 2004). Estimated thickness is 1-3 m OF THE TAOS PLATEAU VOLCANIC FIELD
Age assignments for surficial deposits are based chiefly on: (1) the relative heights above - L . ; ’ q q . . .
. . . . . ower older piedmont-slope alluvium (middle Pleistocene)—Top of unit Qao, ; g ; A ; REFERENCES CITED
modern streams or channels of ephemeral streams, (2) topographic relationships with other surficial W | 811:1 e — chanlilels :fv;;her;erlal streamls e v)&;st:ri (;a:‘tn(;f Sunsshliile . The.Taos. LT SR LI o AL Vqlcanlc plateau of the southern San
deposits, and, to a lesser extent, (3) relative degree of erosional modification of original (depositional) Vall d about 12 m below the top of unit Q table 1. In the north art Luis Basin .(Llpman aIld Mehnert, 1979) (?f northern New Mexico and south.em Colorado (fig. 1). American Geological Institute, 1982, Grain-size scales used by American geologists, modified
surface morphology. SRR Do e a0, (table 1). D e Roristi p The volcanic plateau is bordered by the high mountains of the Sangre de Cristo Range, up to 4,000 Wentworth scale, in Data sheets (2d ed.): Falls Church, Va., American Geological Institute
The heights of units Qao,, Qao,, and Qao, above the Rio Grande and the gradient of the Ott; the ;n ap barle 2 th; ‘o of?mt. Qan3 1sIab(;11.1t 36 IE above theflillo Grande, ar}lld m to the east, and the east-dipping ramp of the Tusas Mountains to the west (fig. 1). Predominantly sheet 17.1 ’ S ’
: ; v, 2 s i about 7 m below the top of unit a0,. In the southern part ot the map area the basaltic to andesitic lava flows underlie the approximately 2,300-m elevation tablelands; o . .
southward-flowing Rio Grande increase from north to south within the map area. In the northern top of unit Qao, is about 73 m above the Rio Grande, and about 9 m below the tuated by eroded volcanic edifices of Ived i hine elevati ; Appelt, R.M., 1998, “Ar/*Ar geochronology and evolution of the Taos Plateau volcanic field,
four-fifths of the map area (upstream of the 7,220-ft contour) the average gradient of the Rio . S . . punctuated by eroded volcanic edifices of more evolved compositions reaching elevations greater . . . s .
P (up > ) g€ g top of unite Q table 1). D ts of unit Q d on both th ¢ q n g northern New Mexico and southern Colorado: Socorro, New Mexico Tech, Master’s thesis, 58 p.
Grande is about 2 m/km. However, in the southern one-fifth of map area (south of the 7,220-ft op ot unite Mao, (ta ¢ ) Deposits of uni 180, are preserved on both the eas than 3,000 m. Lavas and related pyroclastic deposits of this field are locally exposed over 500 km? o ’ .. ’ o
- contour), the average gradient of t l,le Rio Grande steepens to about 9 m/km, The southw’ar d increase an.d west gldes of the Rio Grande gorge (Caiion del Rio Grande). Estimated and reflect eruption of predominantly mafic and intermediate composition magma, mainly between Bankey, Viki, Grauch, Y.J S, Wel?bers, Ank, and .PRJ, Inc., 2005, Digital data apd derIvatlve .
- 75 0 height’s of units Qao, Qao,, and Qao, is due chiefly to the average gradients of the Rio Grande thickness is 1-3 m 5 and 1 Ma. No fewer than 55 distinct eruptive centers of the Taos Plateau volcanic field have been products from a high re§olut10n geromagngtlc survey of thet central San Luis Basin, covering
(2 and 9 m/km) being g1r,eater than the southward decrease in altitude of the tops of these units Qao, Higher older piedmont-slope alluvium (middle Pleistocene)—Top of unit Qao, is identified ranging from small volume (<1 cubic kilometer) cinder cones, to the largest centers such parts of Alamosa, Conejos, Costilla, and Rio Grande counties, Colorado, and Taos County,
g 3 g about 30 m above channels of ephemeral streams in the western part of Sunshine as Ute Mountain that record original eruptive volumes likely in excess of 12 km?. Most of the New Mexico: U.S. Geological Survey Open-File Report 2005-1200, 9 p.
(about 0.5 m/km). The average depth of the Rio Grande gorge is about 52 m in the northern . ; . . . . .
) : 3 ) Valley, and about 5 m below the top of unit Qao, (table 1). In the northern part eruptive centers in the Taos Plateau volcanic field are central-vent volcanoes ranging from Benson, Larry, Madole, Richard, Landis, Gary, and Gosse, John, 2005, New data for late
four-fifths of the map area and increases to about 67 m in the southern one-fifth. £ th the t £ unit Qa0. is about 63 b the Rio Grand d - A ) . . o Ioi laciation f " ) ) X . 4
Stages of secondary calcium carbonate morphology (referred to as stages I and I1 observed on Ob : iI;aP a;e]a ihOI; o 11;11 e ; (1)S aI Ogl Hi I? ove rte ftl(i rande, anth low-relief shield centers and steep-sided breeched cinder cones.t0 remnants qf large compqsﬁe P letocene alpine glaciation from southwestern Colorado: Quaternary Science Reviews, v. 24,
- the bottom of clasts) are from Gile and others (1966) and Machette (1985). al Ouf 'mQ Blony Ui 1oy <2) unt 1; EcsoucIipario h(? IIIII?P afeaz S volcanoes and Iava domes. These lavas have from 48 to 63 weight percenI $102 and exh.1b1t a p. 46-65.
X i i ez, b e Sl ) ol el et o et (s by mriog ' top of unit : a0, is about 82 m at{OVe t e'RIO Granfie. Estimated thic = -3 m strong correlation between lfmdform and whole-rock chenpstry. T Ile low-silica, sub.alkahne basaltic Benson, Larry, Madole, Richard, Phillips, William, Landis, Gary, Thomas, Terry, and Kubic, Peter,
= . water confined to channels (stream alluvium), whereas those deposited by running water not Qao, Highest older piedmont-slope alluvium (mldFIle Pleistocene)—Top of unit an1 lavas femptfed from broad shield volcanoes gnd formed variably thin (<3-5 m) to tl.n.ck >15 m) 2004, The probable importance of snow and sediment shielding on cosmogenic ages of
w < 8 7 iRl demah e el e an dhead . The tems Sl el Solui P et e near the northeast corner of the map area, is ab(?ut 35 m above channels of low-x@scosﬁy flows that trgveled f%ir following p.aleotopography; conver§ely, tllrans1t10na1 to mildly north-central Colorado Pinedale and pre-Pinedale moraines: Quaternary Science Reviews, V.
>0 % sediment transported downslope chiefly by mass-movement (gravity-driven) processes—such as ephemergl streams in the western part of SunsInne Valley, about 13 m above the alkaline basalts anq basalIlc an.des1tes formed thlclf ‘(as much as 20 m) discontinuous lavas ﬂoxys 23, p. 193-206.
58 $) § debris flow, rock fall, and near-surface creep—aided by running water not confined to channels tOP of unit Qao,, and about 76 m above the Rio Grande (table 1). Estimated that erupted frorp high relief, dissected Ve.:nts. Dacitic lavas forIn 1ava.d0mes and large composite Cole, J.C., Mahan, S.A., Stone, B.D., and Shroba, R.R., 2007, Ages of Quaternary Rio Grande
3 (Hilgard, 1892; Merrill, 1897). Surficial map units that include debris-flow deposits probably also thickness 2-3 m . . . centers, ‘?fte“ w1t1} poorly preserved str. atlgraphy’ and fh?"hte L .restncted to steep-sided laya terrace-fill deposits, Albuquerque area, New Mexico: New Mexico Bureau of Geology and
ﬁ include hyperconcentrated flow deposits. These latter deposits are intermediate in character Alluvial and colluvial deposits dqmes with associated small volume proximal pyroclastic deposits. “"Ar/”Ar ages are dominantly Mineral Resources, New Mexico Geology, v. 29, no. 4, p. 122-132.
3 between stream-flow and debris-flow deposits. Eolian deposits were not identified in the map area; Qac Alluvium and colluvium, undivided (Holocene and late? Pleistocene)—Consists Pliocene (M.A. Cosca and J.P. Lee, unpub. data, 2013; Appelt, 1998). (Cirrlom, 9L rise) e 1011, 1656, ILema et (5men e s, g e A £l S
however, some of the silty sheetwash alluvium (Qsw) noted on fan deposits (Qf) may be derived chiefly of valley-floor alluvium (Qa), sheetwash alluvium (Qsw), and fan Lithologic units were delineated on the basis of map distribution, stratigraphic position, Ri .ed; Landslides’_.ln.;esti ;tion e A VII)/ashinéton g ’Na:ti(;;‘lal PO >
from loess. The terms “sticky” and “plastic” in the description of the Santa Fe Group, upper part deposits (Qf) primarily along minor tributary drainages of the Rio Grande. Unit petrography, geochemistry, “’Ar/*’Ar geochronology and, in places, rock magnetic properties Press. Transortation Resear ch% oard Special i evort 247 p. 3675, Y
(QTsf) are defined as follows: The former term refers to moist sediment, which after pressure is ranges from slightly pebbly, silty sand to poorly sorted, clast- and matrix-sup- derived from field magnetic fluxgate determinations and aeromagnetic signature (Bankey and ) ’ P g P S p i .
applied, adheres to both thumb and finger and tends to stretch somewhat rather than pulling free ported, locally bouldery, cobbly and pebbly gravel with a sandy matrix. Low-ly- others, 2005). Volcanic rock names are based on the standard International Union of Geological Gibbard, P.L., Head, M.J., Walker, M.J.C., and the Subcommission on Quaternary Stratigraphy,
from either digit. The latter term refers to the extent to which moist sediment changes shape ing areas of the map unit are prone to periodic stream and sheet flooding and Sciences (IUGS) classification scheme (Le Bas and others, 1986) modified by ferric/ferrous iron 20,10’ g e o @S Qe Syste'm/ e B DR e 5 e
continuously under the influence of an applied stress and then retains the impressed shape on the locally to debris-flow deposition. Deposits composed of silty sand are prone to LS £ (RO by‘ Mid.dlemost .(1989)' Geoch'emical analy§e§ @l select.samples'are Rresented in . TS LD 5200 LS SOTEOT G QUL SO, v 25., p- 96-102. .
removal of the stress (Soil Survey Staff, 1951). gullying. Estimated thickness is 1-10 m table 2. Some volcanic units contain rocks of variable composition, spanning classification Gile, L.H., Peterson, F.F., and Grossman, R.B., 1966, Morphological and genetic sequences of
073 Grain or particle sizes of surficial deposits are based on field estimates, using the modified Qf Fan deposits (Holocene and late? Pleistocene)—Chiefly clast-and-matrix supported, E)Oungarles. In these cases, the dominant ros:k type was ysc?d for the un:ot nar}rgle. Results of new carbonate accumulation in desert soils: Soil Science, v. 101, p. 347-360.
073 Wentworth scale (American Geological Institute, 1982). In the descriptions of surficial map units, locally bouldery, pebbly and cobbly gravel with a silty sand matrix. Deposits i age determinations are pr.esented' mnunit de§cr1p tions. SelecI: Ar/ Ariresylts arg Hilgard, E.W., 1892, A report on the relations of soil to climate: U.S. Department of Agriculture,
) the term “clasts” refers to particles larger than 2 mm in diameter, whereas the term “matrix” refers locally consist of pebbly and cobbly, slightly silty sand that contains gravel presented in table 3. Some map units consist of multiple deposits of limited extent that have been Weather Bureau Bulletin 3, 59 p.
‘ ";i“ to particles smaller than 2 mm in diameter. Most of the clasts in fan deposits within the map area lenses. Rock fragments in unit Qf, near the southern boundary of the map area consolidateq baIsed on similar lithologic character, str aIigraphic po.sition, ir'lferre'd age, gncI Izett, G.A., Obradovich, J.D., Naeser, C.W., and Cebula, G.T., 1981, Potassium-argon and
are angular and subangular, whereas most of those in alluvial deposits are angular to subrounded. (from east to west) are composed chiefly of trachyandesite of Guadalupe aeroma'gnetlc s1gnature.. Colo.rs of the lave.l flows z}nd cinder de?p osits used in unit descriptions were fission-track zircon ages of Cerro Toledo rhyolite tephra in Jemez Mountains, New Mexico:
Colors of the Santa Fe Group, upper part (QTsf) were determined by comparison of dry Mountain (Tag), dacite of Cerro Chiflo (Tvc), and trachyandesite of Cerro de la determined by comparison with a Geological Society of America Rock-Color Chart (Munsell U.S. Geological Survey Professional Paper 1199-D, p. 37-43.
matrix with Munsell .Soil Color Ch.arts (Munsell Colof, 1973). Due to the addition of a shaded reli.ef Olla (Tao). One smalI deposit Of.UIlit Qf, that overlifes alluvium of unit Qay near Color, 2009). Kelson, K.I., Bauer, P.W., and Thompson, R.A., 2008, Preliminary geologic map of the Guadalupe
base, colors on the List of Map Units and the Correlation of Map Units may not exactly match unit the WefStheng of S;msgme Vag?,, 18 (S)mP0§ed ?f sc?dg;ent edee(li f;()m the upper Tsb Servilleta Basalt (Pliocene)—Black to dark-gray tholeiitic basalt to basaltic andesite Mountain 7.5 minute quadrangle map, Taos County, New Mexico: New Mexico Bureau of
colors on the map] i i1 i e Canyp (), DEFasiln i ot OF sommsy i (49-53 weight percent SiO.) lava flows in western map area. Highly vesicular, Geology and Mineral Resources Open-File Geologic Map 168, scale 1:24,000.
fan-shaped and lobate masses of sediment deposited by debris flows and by havi h .. R 12 . d . s 1 . ) o .
SURFICIAL DEPOSITS sediment-charged, ephemeral streams. Eolian sediment may have played an aving characteristic vesicle pipes and segregation trains; intergranular, seriate, Lanphere, M.A., Champion, D.E., Christiansen, R.L., Izett, G.A., and Obradovich, J.D., 2002,
H et t’h & T e ihess d bt o (ke rodl @i, 2007) weakly defined trachytic and diktytaxitic groundmass textures common with Revised ages for tuffs of the Yellowstone Plateau volcanic field—Assignment of the
j Al “7? Alluvial deposits . o ' plagioclase, clinopyroxene, olivine, and oxides. Plagioclase (An,, ;) composes Huckleberry Ridge Tuff to a new geomagnetic polarity event: Geological Society of America
2 . . Levees that contain abundant cobbles and boulders formed at the margins of S A . ;
Qa Valley-floor alluvium (Holocene)—Deposits along the Rio Grande are locally i aEs (e, Bt sttt e aatsiil aretes serieieey GiEm 60-80 percent of rock; grains are elongate ranging in size from 0.4 to 2.4 mm in Bulletin v. 114, no. 5, p. 559-568.
47'30" f 47'30" boulder, cobbly pebble gravel. Deposits along other streams consist of sand and deposits in areas between washes ranges from lit%le if any, to minrgr. Wagsi’les length and less than 0.04-0.4 mm in width. Clinopyroxene (En; ;. s, ,,, Le Bas, M.J., Le Maitre, R.W., Streckeisen, A., and Zanettin, B., 1986, A chemical classification of
g;a}/el in ;tr(elgm c}ialnnelts as well ;}sl s;:nd, sglty .iagd, .an(L gratvlel ungerlyin}% ﬂoold commonly have steep sides that are only slightly modified by erosional :&éﬁ; ﬁﬁﬁlﬁgs:sbtiizigcpg:ﬁ: ngr;?f;zi l;;lg;l::l(')y(s)tlsa lgr(;)lrlnnimgzz :rl;(ljlflslilgltli volcanic rocks based on the total alkali-silica diagram: Journal of Petrology, v. 27, p. 745-750.
plains and adjacent low terraces. The top of unit Qa is about 1 m above channels : : ; > WISl ) g 3 g i
of ephemeral streams in Sunshine Valley and about 2 m below the top of unit E;Zczziﬁéiiﬁahz?\r: ;Sg (degZI)’?(S)l(;le(l)f Z}\I/::;Zajg fii:lg?ilfl?tsg? :alghaalllsuzrllum green to colorless, often with iddingsitized rims. Olivine (Fo,, ,,) composes 5-15 LT, S, fmd Me@ert, LeL1 3L, 12785 T%le [ Platfeau Volcamf: I northern.Rlo' Gran(Ie rift,
Qe (et 1)) Uintt O el s milen o mibier st @R i dbpess (@) > y By : ik percent of rocks as euhedral to anhedral phenocrysts, commonly skeletal, that New Mexico, in Riecker, R.C., ed., Rio Grande Rift—Tectonics and Magmatism: Washington
: ; ) ) the large fan apron along the base of Cerro Chiflo. Deposits of unit Qf may have 40 A /30 D.C., American Geophysical Union, p. 289-311.
and narrow sheetwash aprons (Qsw) along valley margins. Low-lying deposits accumulated under pluvial climatic conditions associated with the Pinedale average 0.3-0.4 mm, but as large as 1.5 mm and smaller than 0.2 mm. ®Ar/Ar . X ’ . . . .
are prone to periodic stream flooding. Estimated thickness 1-5 m along the Rio L . . o . geochronology on samples (samples RGR—78 and RGR—62; table 3) from the Lipman, P.W., and Reed, J.C., Jr., 1989, Geologic map of the Latir volcanic field and adjacent
T.30 N. T.30N. glaciation, as well as during major precipitation events, such as intense summer . . . . . rthern New Mexico: U.S. Geological S Miscell I I
________________ Grande, 1-3 m along other streams thunderstorms during the Holocene, Low-lying areas adjacent to stream channels Rio Grande gorge rim, west of Ute Mountain and south of Cerro Chiflo, yield areas, northern New Mexico: U.S. Geological Survey Miscellaneous Investigations Series
i 29 N. : . : . . ; ., . interpreted ages of 3.43 £ 0.12 Ma and 3.19 + 0.10 Ma respectively. Ages Map 1-1907, 2 sheets, scale 1:48,000.
T.29 N. |58 Qsw Sheetwash alluvium (Holocene and late Pleistocene)—Alluvial aprons composed are prone to periodic stream flooding and debris-flow deposition. Maximum . L. . . .
w0711 chiefly of slightly pebbly to pebbly, slightly silty to silty sand that accumulates thickness possibly about 50 m throughout the Taos Plateau volcanic field range from 2.4 t0.5~3 Ma (M.A. Cosca Machette, M.N., 1985, Calcic soils of the southwestern United States, in Weide, D.L., ed., Soils and
on gentle slopes, such as those on Servilleta Basalt (Tsb). Some of the silt- to and J.P. Lee, unpub. data, 2013; Appelt, 1998). Lava flow thickness commonly Quaternary geology of the southwestern United States: Geological Society of America Special
fine sand-size fraction in these deposits may be of eolian origin (Shroba and - Colluvial deposits 3-5 m in the map area but is consistently thicker (>10 m) to the south, where Paper 203, p. 1-21.
Thompson, 1998). Deposits of unit Qsw along the shores of intermittent ponds - %!S:o | Landslide deposits (Holocene and late Pleistocene)—Deposits of unsorted to partly exposed in ﬂfe Rio Grande gorge nea.r Taos, New Mexico ] ) Machette, M.N., Marchetti, D.W., and Thompson, R.A., 2007, Ancient Lake Alamosa and the
or small lakes on Servilleta Basalt (Tsb) locally may include or overlie playa ' unstratified debris that commonly display hummocky topography. All of the - Trachybasalt (Pliocene)—Gray, fine-grained trachybasalt (50 weight percent Si0O,) Pliocene to middle Pleistocene evolution of the Rio Grande, chap. G, of Machette, M.N.,
deposits. Low-lying areas of unit Qsw are susceptible to sheet flooding due to landslides and landslide deposits are within the Rio Grande gorge. They are lava flows and associated near vent pyroclastic deposits including cinder, spatter Coates, M-M., and Johnson, M.L., eds., 2007 Rocky Mountain Section Friends of the
unconfined overland flow, and locally to stream flooding and gullying. Recently formed from the Servilleta Basalt (Tsb) and sediment between or below some of and spatter agglutinate. Likely a small, eroded Vent.complex near the westen.l Pleistocene field trip—Quaternary geology of the San Luis Basin of Colorado and New Mexico,
—————————— disturbed surface of unit Qsw may be susceptible to minor wind erosion. the lava flows. Sliding of the Servilleta Basalt is probably due in part to reduc- edge of map area. Intergranular and weakly trachytic groundmass textures with September 7-9, 2007: U.S. Geological Survey Open-File Report 20071193, p. 157-167.
g Estimated thickness is 1-5 m, possibly as much as 10 m tion of lateral support promoted by incision of the floor of the gorge by the Rio 0. '1—.0~15 mm plagioclase and 0.01-0.02 mm pyroxene. Only phenocrysts of ) Machette, M.N., Thompson, R.A., and Drenth, B.J., 2008, Geologic map of the San Luis
=== TSR | Qsa Sheetwash and valley-floor alluvium, undivided (Holocene and late Pleistocene)— G;ande&Thle largest lalndslise ;ieposits EreRifl ﬂ(l‘f sozllthern half Ofltlhe map a:'r;a Zggﬁ;gf:;g;?;ilirz Tg?;:gﬁ;ﬁ;?f;i:tg;;ugefsria(;lg ?I?rhnedvf/eiltlhg;?ns quadrangle, Costilla County, Colorado: U.S. Geological Survey Scientific Investigations Map
Qw7 : : : : where displacement along faults near the Rio Grande gorge may have significant- . . ) 2963. scale 1:24.000.
1 ! Chicfly silty aI.ld sandy cligetivelh dgonits (@) o gaully slqpes and a minor I kened the Servilleta Basalt, and h de i ibl lidi alteration or minor iddingsitized rims and fractures. Appelt (1998) reports a 963, scale ’ . . . .
©]0 amount of undifferentiated sandy and pebbly valley-floor alluvium (Qa) along by el At i servilien IBrenll, enidl iy e medis i S ilele o S i, W0 A0 . . Machette, M.N., Thompson, R.A., Marchetti, D.W., and Smith, R.S.U., 2013, Evolution of ancient
: Much of unit Qls probably includes material displaced chiefly by translational Ar/PAr date of 4.47 + 0.06 Ma from this center (sample RA-102; table 3). Lava ’ : JUT e N ’ LY P .
and near ephemeral streams on Servilleta Basalt (Tsb) near the western boundary g Lake Alamosa and integration of the Rio Grande during the Pliocene and Pleistocene, in
. 2 g ,
: : : : sliding and locally by rock creep as defined by Cruden and Varnes (1996) flows are thin (<3 m), but poorly exposed : . . .
of the map area. Low-lying areas of unit Qsa in and adjacent to stream channels . ) s N : A . . . Hudson, M.R., and Grauch, V.J.S., eds., New Perspectives on Rio Grande Rift Basins—From
Deposits of unit QIs are susceptible to reactivation due chiefly to stream incision Trachyandesite of Cerro de la Olla (Pliocene)—Gray to black basaltic

may be subject to periodic stream flooding, gullying, and possibly debris-flow
deposition; adjacent slopes may be subject to periodic sheet flooding. Estimated

flowing streams sourced in the Sangre de Cristo Mountains and in the piedmont west of the
mountain front. The westward-sloping landform that developed on the alluvial apron is known as
the Costilla Plain (Upson, 1939). Piedmont-slope alluvium commonly consists of pebbly sand and

by the Rio Grande. Unit Qls locally include minor deposits of talus (Qt) and
colluvium, undivided (Qc). Maximum thickness possibly about 85 m

non-stratified, mostly matrix-supported, sandy sediment and rock debris on and
near steep slopes. Deposits range in size from pebbly silty sand to bouldery
rubble with a sandy matrix. Unit Qc consists mostly of debris-flow, rock-fall and

trachyandesite to trachyandesite (55-59 weight percent SiO,; McMillan and
Dungan, 1988). Distal lava flows erupted from prominent Cerro del la Olla

groundmass and range in size from 0.1 to 0.5 mm. Glomerocrysts composed of
olivine, pyroxene, and plagioclase are abundant and range in size from 0.5 to 4 mm.

Tectonics to Groundwater: Geological Society of America Special Paper 494, p. 1-20,
doi:10.1130/2012.2494(01).

Munsell Color, 1973, Munsell soil color charts: Baltimore, Md., Kollmorgen Corp., Macbeth
Division.
Munsell Color, 2009, Geological rock-color chart: Baltimore, Md., Kollmorgen Corp., Macbeth

2100 000 thickness is 1-5 m, possibly as much as 10 m - i i i
= | p y N at Talus deposits (Holocene to middle? Pleistocene)—Compased mostly of angular, edifice southwest of map area. Groundmass with intersertal texture composed of McMillan, N.J ., and Dungan, M.A., 1988, Open system magmatic evqutlon of the. Taos Plateau
E Piedmont-slope alluvium —— tabular blocks of dacite of Cerro Chiflo (Tvc) deposited chiefly by rock fall on glass, feldspar microlites, and opaque minerals. Phenocrysts include olivine, \}:olcaln © ﬁel(12,911 ortlgezr;l I;I;V Mexico, 3—The Petrology of andesites and dacites: Journal of
_— ° ) ) ) ] ] ] . g < ohto Aot L etrology, v. 29, p. 527-557.
N Lt merp il @i Ellmmiell clpomt eif limes e momes fom an satmsive dlmml eemon (oF Fhe Hlanss of cerro C-h SUC soutIlern SRR OIS, - pyrl(()xeng ’Zanldmpmlagll?l(il?re.llglgh;hgi:rerll ollllvme COItnpgses abou't . }10 Pel'T?I}t o Merrill, G.P., 1897, A treatise on rocks, rock-weathering and soils: New York, Macmillan Company, 411
g bajada) between the east flank of the Sangre de Cristo Mountains and the Rio Grande. The alluvial includes small depos1t§ exposed along Rio Gr.ande 801ge composgd mostly of rockas .2~ euhedral to anfiecral pACNOCIYSTS. SOME grains show olvine o ’ o . ¢ . o .p P
__Jag-9g |- apron is about 13—18 km wide; has average slopes of about 10-50 m/km near the mountain front — angular blocks of Servilleta basalt (Tsb). Maximum thickness possibly about 15 m cores with pyroxene overgrowths. Pyroxene grains are dark brown to black in Middlemost, E.A K., 1989, Iron oxidation ratios, norms and the classification of volcanic rocks:
__o=t==2 § and about 1-6 m/km within the map area; and was deposited by westward and southwestward i .', °QC Colluvium, undivided (Holocene to middle Pleistocene)—Chiefly non-sorted and han.d samplc? e s 0'3_1. Oy gnhgdral Chemical Geology, v. 77, p. 19-26.
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matrix-supported, pebble gravel with a sandy matrix. Some deposits of pebble gravel contain a
minor amount of small cobbles. Pebble- and cobble-sized clasts in piedmont-slope alluvium are
composed chiefly of volcanic rock fragments from the mid-Tertiary Latir volcanic field (Lipman
and Reed, 1989), including Amalia Tuff, as well as granite, quartz, feldspar, pegmatite, felsic
gneiss, and a minor amount of pale-green quartzite from Proterozoic sources. These clasts were
eroded from bedrock in the Sangre de Cristo Mountains. Small, unmapped deposits of sheetwash
alluvium (Qsw) and alluvium and colluvium, undivided (Qac) locally overlie deposits of
piedmont-slope alluvium. The heights of piedmont-slope deposits above Costilla Creek are higher
than those of equivalent deposits along and near channels of unnamed intermittent or ephemeral
streams near the northeast and southeast corners of the map area. Deposition of units Qao,, Qao,,
and Qao, predate major downcutting of the Rio Grande gorge (Thompson and Shroba, 2007),
which began after about 440 ka (Machette and others, 2007, 2013). The deposits of units anv
Qao,, and Qao, may have accumulated under pluvial climatic conditions associated with pre-Bull

creep deposits, as defined by Varnes (1978) and Cruden and Varnes (1996). Unit
locally includes small deposits of sheetwash alluvium (Qsw), and alluvium and
colluvium, undivided (Qac). Two large deposits in the Rio Grande gorge include
talus (Qt) and landslide (Qls) deposits. Unit Qc may be susceptible to continued
movement or reactivation due to natural and human-induced processes.
Maximum thickness possibly about 20 m

OLDER SEDIMENTARY DEPOSIT

Santa Fe Group, upper part (middle? Pleistocene to Pliocene)—Exposed deposits
at scattered outcrops consist of silty to very silty, mostly very fine to medium
sand that overlies Servilleta Basalt (Tsb). Deposits are weakly consolidated,
slightly sticky, plastic to very plastic, and are commonly brown, strong brown,
and reddish yellow (7.5YR 5/4, 5/6, 6/6, and 6/7) in color (Munsell Color, 1973).
The abundance of medium sand and finer sediment suggests deposition in a low

Sparse quartz xenocrysts observed as large as 2 mm. A “°Ar/*’Ar date of 4.61 +
0.16 Ma (sample RGR-305; table 3) obtained from Cerro de la Olla southwest of
map area.Thin lava flows in map area (<2—3 m); flows thicken closer to edifice
Trachyandesite of north Guadalupe Mountain (Pliocene)—Gray to black
trachyandesite to trachyte (59-63 weight percent SiO,) lava flows in the
southeast map area. Groundmass with intersertal texture composed of glass,
feldspar microlites, and opaque minerals. Phenocrysts include orthopyroxene,
clinopyroxene, and feldspar in all samples; olivine present only in lowest
stratigraphic flows sampled along the Rio Grande gorge. Enstatite (En, ,,,
Fs, ,,» Wo, ,) composes 37 percent of rock and occurs as isolated euhedral
grains and fragments or within glomerocrysts where it is the sole constituent, or
is associated with augite grains; occasionally enstatite grains are highly elongate
up to 1.3 mm in length with 0.01 mm width; grain size is highly variable from
0.1 to 1 mm and glomerocrysts solely composed of enstatite are up to 3 mm.

Division, http://www.munsellstore.com/files/CIPA00011%5C599.pdf.
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recalculation of analyses in table 2 to determine FeO and Fe,O, based on iron oxidation ratios determined by Middlemost (1989) R o g ) ) > g £ Geol 47 7 5.721-736
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Olivine composes 2 percent of rock as euhedral to subhedral grains with bimodal Varnes, D.J., 1978, Slope movement types and process, in Schuster, R.L., and Krizek, R.J., eds.,
size distribution. Grains 0.15-0.3 mm are completely or nearly completely Landslides—Analysis and control: Washington, D.C., National Academy of Sciences,
replaced by iddingsite, larger grains 1-2 mm have iddingsitized rims or are Transportation Research Board Special Report 176, p. 11-33.
unalIered. A “°Ar/395r d:clte o.f 17.63 + 0.09 (sample RGR—145; table 3) was Winograd, 1.J., 1959, Ground-water conditions and geology of Sunshine Valley and western Taos
obtained from the dike interior County, New Mexico: New Mexico Office of the State Engineer, Technical Report no. 12, 70 p.
Table 2. Geochemical analyses of select samples from the map area and adjacent regions
[LOI, Loss on ignition; --, no data]
36°45'00" i Sample no. RGR-32* RGR-145* RGR-143" RGR-39*° RGR-6" RGR-156" RGR-157" RGR-68" RGR-276® RGR-144* RGR-4" RGR-5" RGR-22" RGR-23* RGR-24" RGR-43" RGR-67"" RGR-78" RGR-140>" RGR-282"" RGR-283" RGR-284* RGR-290"
FCuadalune Easting 434408 434436 435125 439711 442165 442790 443687 438245 442869 434352 438599 438675 436360 436404 436404 441084 438227 436080 440104 428457 429548 429190 429283 EXPLANATION
‘_) Northing 4071849 4071090 4066920 4067494 4065515 4068767 4065058 4063692 4068688 4070196 4056656 4056699 4092652 4092649 4092649 4059563 4063711 4090439 4057961 4065107 4066409 4067550 4067702
36°30 Mountain Map Unit  Tb Tmd Tve Tve Tag Tag Tag Tag Tag Tsb Tsb Tsb Tsb Tsb Tsb Tsb Tsb Tsb Tsb Tao Tao Tao Tao Contact
Major elements ———— Normal fault—Dashed where approximatel located, dotted where
PP Y DIVISION OF QUATERNARY AND NEOGENE TIME
weight % oxides concealed; bar and ball on apparent downthrown side USEDINITUIS REPORT:
0 1 2 3 4 5 MILES Sio 50.38 51.20 66.32 66.69 61.17 60.89 60.34 59.44 61.43 52.80 51.16 49.86 49.44 49.74 49.08 50.93 49.94 48.64 51.14 58.67 54.79 56.69 55.75 . . . .
; —L - ; L ! | L RGR-32 o Geochemical analysis sample location—With sample number. See table 2
0 1 9 3 . 5 KILOMETERS TiO, 1.43 1.79 0.51 0.54 0.78 0.82 0.80 0.89 0.85 1.19 1.24 1.15 1.26 1.21 1.18 1.28 1.15 1.26 1.28 0.97 1.04 0.94 0.95 for values Period or Epoch Age
- R . AlOy 16.21 15.04 15.12 15.32 15.87 15.44 15.84 16.04 15.63 16.52 16.54 15.90 16.49 16.77 16.92 15.96 15.70 15.80 16.45 16.17 16.67 16.22 16.24 subperiod
Figure 2. Landsat 7 satellite image (30-m band 7-4-2 merged with 15-m band 8) acquired on Oct. 14, 1999, of
. . . . . . F
Sunshine, New Mexico area (image clip from Sawyer and others, 2004), showing select geographic names. e,04 10.94 9.49 3.99 4.05 5.81 5.39 5.87 6.40 5.45 11.26 10.68 12.10 12.29 11.71 11.72 11.26 12.25 12.16 10.62 6.75 8.66 7.74 8.21 T A
Volcanic rocks and sediments of the Taos Plateau volcanic field are visible throughout the image. Yellow MgO 7.58 4.72 1.42 1.34 2.60 2.34 2.99 3.04 2.26 6.76 6.22 7.64 6.76 6.85 6.89 6.91 7.77 7.69 5.94 3.39 4.57 4.82 5.34 Quaternary late 11.7-126 ka
rectangle is the boundary of the Sunshine 7.5' quadrangle. Yellow dot indicates the location of photograph 1. CaO 8.40 8.37 2.88 3.19 4.70 3.99 4.75 5.25 4.17 8.77 8.60 8.71 9.58 9.76 9.72 8.53 8.70 8.79 8.41 5.77 7.58 6.73 7.03 CONVERSION FACTORS Pleistocene middle 126-781 ka
Na,O 3.74 4.20 3.92 3.98 4.26 4.37 4.11 4.39 4.69 3.10 3.45 3.17 3.13 3.10 3.01 3.45 3.15 345 3.52 4.54 3.78 3.80 3.75 Multiply By Toalie early 781-2.59 Ma
K,0 1.33 2.20 3.81 3.63 2.88 3.51 2.87 2.55 3.32 0.71 0.88 0.61 0.39 0.37 0.39 0.85 0.60 0.80 0.88 2.50 1.96 2.23 1.98 millimeters 0.03937 T
P,05 0.39 0.67 0.19 0.21 0.35 0.67 0.34 0.34 0.70 0.22 0.19 0.18 0.20 0.19 0.18 0.19 0.13 0.30 0.19 0.47 0.38 0.37 0.34 centimeters {cm) 03937 inches (in) Neogene i e £
MnO 0.16 0.14 0.06 0.08 0.09 0.07 0.09 0.10 0.08 0.15 0.15 0.16 0.17 0.16 0.16 0.16 0.17 0.17 0.15 0.11 0.14 0.13 0.13 meters (m) 3281 feet (ft) Miocene 5:33-23.0 Ma
square meters (m?) 10.76 square foot (ft?) TAges of time boundaries are those of the U.S. Geological Survey Geologic Names Committee (2010)
/ g 2 s ‘.— ' }" o - LOI (%) 0.00 1.24 0.60 0.54 0.89 2.08 3.21 - 0.20 0.69 0.55 0.47 0.42 0.88 0.84 1.85 - 0.76 0.80 0.89 0.29 0.46 0.74 kilometers (km) 0.6214 mile (n-“) excepttho'se for the late-middle Pleistocene and middlejearly PIeIstocene boundaries, which are
/ e, S e : A £ A AP+ B — 4 . o Total 100.54 99.06  98.82 99.55 99.39 99.59  101.20 9844  98.77 10217 99.67 9996  100.11 10074  100.10 10136 99.56 99.82 9937 100.22 99.84  100.12  100.46 square kilometer (km?) 0.3861 square mile (mi?) el G Ao OC T ST 2 B T e s
Shaded-relief base generated from U.S. Geological Survey 10-m Digital Elevation Model (DEM) data from the National Elevation Dataset, accessed April 2013 Table 1. Approximate height, in meters, of tops cubic kilometer (km?) 0.2399 cubic mile (mi®) ¢ yeersh

at http;//ned.usgs.gov/.
Rio Grande del Norte National Monument boundary simplified from U.S. Bureau of Land Management at
http.//www.blm.gov/nm/st/en/prog/blm_special_areas/national_monuments/rio_grande_del_norte.htm/ on Aug. 12, 2013.

of valley-floor and piedmont-slope alluvium
above ephemeral stream channels in Sunshine
Valley and the Rio Grande in the Sunshine 7.5'

Northing and Easting values in UTM meters using NAD 27, zone 13.
*Indicates sample site located outside of map area.

Chemical analysis determined by WDXRF (Wavelength Dispersive X-ray Fluorescence). Analysis carried out by: @Washington State University; bThe USS. Geological Survey.

Figure 1. Shaded relief index map of the Taos Plateau and adjacent regions of southern Colorado and northern New
Mexico showing outline of Sunshine geologic map area. Labeled physiographic volcanic features include: LM, Los
Mogotes; UM, Ute Mountain; SM, San Antonio Mountain; CDO, Cerro de la Olla; NA, No Agua; CC, Cerro Chiflo;
GM, north and south Guadalupe Mountain; CDA, Cerro del Aire; CM, Cerro Montoso; CT, Cerro de los Taoses; TO;
Tres Orejas.

quadrangle.

[North, indicates deposits in the northern part of the
map area; South, indicates deposits in the southern part
of the map area]
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