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Alluvial deposit [Holocene)—Crossbedded to planarbedded sand and Puye Formation, ancestral Rio Grande facies (Pliocene; Totavi Lentil 3 = ,?/TIX?(,’} ‘;2 S
% | pebbly sand and thin beds of silly sand exposed along the Rio Grande, of Griggs, 1964)-Slighlly lithified pebble to cobble gravel rich in clasts as° e 1 LG AV
aleng active channels of tributary arroyos, and on adjacent low (<4m; of Precambrian rock, sand, and thin beds of silty sand west of the Rio Deming: "W f.as Crice _Jl SRS
<13 ) surfaces. Beds generally <0.5 m (<1.5 ] thick. Includes areas of Grande and af one ovicrop sowth of the mouth of Cafiada Ancha, east _\17 ------ g 7% =-| Guaje Pumice Bed
late Pleistocene deposits in uplands west of the Rio Grande. Exposed of the Rio Grande |Section F). 'Coarse units are 0.5-3.0 m (1.5-10 f) L gi?ﬁéﬁgﬁr‘qg:? <21 Silt & pebbly silt
thickness 2-4 m (6.5-13 H]. Actual thickness probably =10 m =33 ) thick, crossbedded, and locally planar bedded. Clasts generally =80% 109° 107° 105° 105° ' 4
along the Rio Grande and Cafiada Ancha. Base not exposed. Soils thin quarizile and other resisiant lithologies from northem New Mexico, but INDEX MAP OF NEW MEXICO +| Olivine basalt flows
[<0.5 m; <1.5 f} with A/C or Bw horizons on low terraces west of the clasts from the southern Sangre de Cristo Range are common locally. -
Rio Grande; stage |l carbonate in the eastern part of the area [sail Thickness 5-45 m [16-150 fi). Maximum thickness and most extensive : ¥ 1 Pillow basalt & palagonitic
carbonate stages follow Machette, 1985) exposures in Sandia and Mortandad Canyons (Section D). Fills channels Andesite (early Pleistocene? and late Pliocene]-Massive, sieep-sided 6100 eilalot e il Wk breccia; flow direction 90°—170°
in and locally interbedded with Puye fanglomerate except along Los flows, agglomerate, and domes of hypersthene andesite (Table 2) exposed ¥ break i section )
Alluvial and lacusirine deposit (Holocene and late Pleisiocene)-\Wel- Alamos Canyon, where il overliess Santa Fe Group. Lies beneath landslide in the southeast part of the map area. Strongly sheeted near flow surface; Deformed Black cindars.&.ash
sorted cobble 1o boulder gravel, crossbedded sand, and thinbedded deposits, Pliocene alluvium, or phreatomagmatic depasils af most exposures. brecciated at bases. Thickness of flows =20 m (>66 f). Total thickness s322“&6ﬁﬁgﬂ%ﬁf&%gﬁﬁ{gﬂgéq
sand and silty sand beneath terraces along the Rio Grande; cobble Paleocurrent directions measured on channels, gravelly crossbeds, and unknown but likely exceeds 150 m (500 H) in the southeost map area. . ! _ i ‘
gravel along los Alames Canyon and other steep Iribuiaries; sand and imbricated cobbles range from 160° to 220° and average about 180°. lies above basaltic andesite and hawaiite and lies beneath Quaternary | Thin bedded silty sand & silt
silty sand near Cafiada Ancha; and gravelly sand and eolian silt on Mainly undefermed. Near the mouth of Ancho Canyon (Section J] lies Guaje Pumice Bed (Qbtl]. Manley (1976) reported an age of about 2 Ma
upland parts of the Cerros del Rio. lies beneath surfaces 5-20 m [16-66 H) under a basdltic flow (Tcby) reported by Bachman and Mehnert (1978) [Table 1] from an andesite flow 5 km (3 mi| east of the eastern edge of
above present drainages. Thickness probably 4-15 m [13-50 fi). Overlies to have an age of about 2.6 Ma (Table 1) the map area. Age of youngest domes unknown Cobble gravel (quartzite)
and truncates rocks of the Santa Fe Group, landslide deposits, and older | Dacitic gebris ﬂc:')w
alluvium. Soils are 0.5-1.0 m (1.5-3 fi) thick and display stage Il or stage Santa Fe Group, undivided ({early? Pliocene to middle Miocene)- - Basalt (late Pliocene}-Tholeiitic olivine basalt flows (Table 2), pillow -
Il carbonate at dry sites and Bw or Bt horizons at wetier sites Meaderately lithified, planarbedlded to massive, silty sandstone, siltstone, basalt, and palagenitic breccia exposed west of the Rio Grande north covered
and crossbedded pebbly sand in sparse channels. Sandstene beds as of Chaquehui Canyon. Flows thin (<10 m; <33 fi) with sharp 1o rubble- 5900
Alluvial and lacustrine deposit (middle? Pleistocene)-\Well-sorted much as 4 m (13 fi] thick; channels <1 m {<3 ft} deep. Coarse units rich contacts. Subaerial thickness <30 m (<100 ft); maximum thickness B
cobble to boulder gravel and rhythmically bedded fine sand, silt, and cemented with sparry calcite. Clasts mainly {1 intermediate voleanic ~80 m (~260 ft) in Mortandad Canyon (Seciion D). Overlies lacustrine it SW Otowi Brid
silty clay exposed beneath terrace remnants 25-45 m [80- 150 fi} above rocks and quartzite from southern Colorado and the northern Sangre de or sandy fluvial sediment {Ta) norih of White Rock and older basaltic 6200 i Enege
the Ric Grande. Contact relations best exposed near the mouth of Cafiada Cristo Range and (2] Precambrian granite and associated rocks from the flows to the south (Section J). Thin (<3 m; <10 1) fluvial and lacustrine A e T Basaltic andesite
Ancha {Section E|, where 15 m (50 ft] of gravelly deposits fill channels southern Sangre de Cristo Range. Maitrix arkesic, Thin (<0.3 m; <1 fi), deposits separate the basalt from overlying lower Bandelier Tuff af some ]
TI9N cutinfo the Sanfa Fe Group. Laminated to thinbedded sediment 15-20 m discontinuous beds of altered dacitic (biotite, hornblende| tephra locally sites (Sandia Canyon, for instance). Flow directions measured on foreset h
T18N [50-66 H| thick lies aver the gravel. Thickness mainly 10-3C m (33- 100 fi). abundant. Thickness >185 m t>f(>O7 ft} at the southern end of La Mesita, deposits of pillow basalt in Los Alamos, Sandia, Mortandad, Buey, and Massive flow of quartz-
Overlies and truncates Santa Fe Group and landslide deposits. One but the base is nowhere exposed, and the well field at Buckman penetrates an unnamed canyon range from about 70° to 150° {overage about Tcha s EESah i
surface west of Chino Mesa is overlain by El Cajete tephra [~50-60 ka; >600 m (>1,970 ] of this wnit. lies beneath Puye Formation or 110°). Topset-foresef contacts in deltas of basaltic debris at 6,20042 54 6100 —
Reneau ef al, 1996]. Sail af that locality is 0.8-1.3 m (2.5-4 ] thick phreatomagmatic deposits at most locations, but landslide deposits elevation suggest that @ lake dammed near Chaquehui Canyon persisted
and contains weak stage IV carbonate; soils on other remnants are thinner, obscure exposures along White Rock Canyon. Dips gently (<8°] northwest in White Rock Canyon during eruption of much of the basalt. Basalt LT il 8 GaEs) Baga
and carbonate development is stage Il in the northern map area. Paleacurrent directions measured on channels originated from vents buried by Bandelier Tuff west and northwest of the sl b Bdiebis) Sae
and gravelly crossbeds range from 170° to 270°. Correlates, in part, map arec. A sample from the basalt exposed near the intersection of T TTTTITT T 7| Black cinders & phreato-
Alluvialfan deposit (Holocene and late Pleistocene}-Crosshedded, with the Tesugue Formation of Galusha and Blick (1971] and the Ancha Pueblo and Los Alamas Canyons (Section A} in the northwest map area .~ magmatic fall deposits
poorly sorled cobble to baulder gravel deposited mainly along White Formation of Spiegel and Baldwin (1963). Age not well defined but pre- gave an Ar/Ar age of 2.3340.08 Ma (Table 1), and flows capping Dﬁgﬁ%ﬁgg&'ﬁ;'?ggfﬁgf‘“m"
Rock Canyon by high-gradient, ephemeral channels. Includes debris flows mid-Pliocene Ancho Canyon and underlying White Rock gave ages between 2.5 and 3~ Cobble gravel (quartzite)
along channels that drain Bandelier Tuff. Most small fan deposits west 2.4 Ma = 2~Dacitic sand & gravel
of the Rio Grande are mapped as Quz or Q. Thickness 4-8 m (13-26 ). Volcanic deposits and rocks “Cobble gravel (quartzite)
Generally overlies landslide deposits. Interfingers with and merges laterally Basaltic andesite and related flows [Pliocene)—Massive flows of ~Silty sand, pebble gravel
with alluvial deposits. Soils are thin 1o absent on active areas of fans and El Cajete tephra ({late? Pleistocene)—-Pumiceous lapilli of rhyolitic olivine - hypersthene basaliic andesite, andesite, and hawaiite, containing 5900 ggfrgg";‘i't?,i)ﬁ:gdbtig;ﬁgfds
<0.8 m [<2.5 k) thick with stage Il or weak stage Il carbonate elsewhere composition. Forms surface layer in isolated outcrops as thick as 40 cm as much as 7% quartz, exposed along the Rio Grande |Table 2). Forms hornblende tephra
in southwest part of map area and <5 em in northeast part of map area. thick (>30 m; >100 ft locally) flows with brecciated bases and cooling coverad
Alluvialfan deposit {late to middle Pleistocene}—Crossbedded, poorly Most exposures have been reworked by slope processes. Derived from jcinis 4 m (13 1) in diameter. As much as 170 m (560 ft} thick along the
sorted cobble to boulder gravel and poorly sorted, matrixrich debris- the El Cajete vent in the Valles caldera; previously thought o be about Rio Grande af the south end of the map area. Fills canyons as deep as
flow depasits that form remnants 5-15 m {16-50 H| above adjacent Qf; 150,000 yrs old [Self et al, 1988] but may be as young as 50 ka 40 m {130 i) southwest of Otowi Bridge [Section B), where flows lie on
deposits. Thickness 4-15 m (13- 50 i}, but most contacts obscured by (Reneau et al., 1996) top of phreatomagmatic deposits (Tem| and the Puye Formation [Tp and C
colluvium. Overlies landslide deposits and Santa Fe Group. Overlain by Tpt) and lie beneath fluvicl and lacustrine sediment [Ta). Overlies basalt NW "Buckman Mesa"
El Caiete tephra (~50-60 ka; Reneau et al,, 1996} along Water Canyon. Bandelier Tulf, upper part (early Pleistocene)-Slightly welded pyroclastic [Tebs), phrealomagmatic deposits and agglomerate, and the Puye ft (La Mesita)
Soils poorly exposed but locally thicker than 1.0 m (3 ft], exposing stage flows (Tshirege Member) and a thin (<1 m; <3 fi] pumiceous fall unit Formation south of Water Canyon west of the Rio Grande [Sections | 6500
Il or weck stage IV carbonate [Tsankawi Pumice Bed), both of rhyolitic composition. Dominates surfaces and K) and south of Sagebrush Flats east of the Rio Grande. Outerop
west of the Rio Grande and forms one prominent outerop east of the Rio patiern and channel orfentalion suggest that lava flowed mainly southwest
Colluvial deposit {Holocene to middle Pleistocene)-Rockiall, debris- Grande (Section H). Two fo five pyroclastic flows separated by pumice and south from vents near La Mesita, on Sagebrush Flats, between Water
flow, and poorly sorted alluvial deposits at the bases of cliffs, particularly concenirations or thin, sorted partings are present along deep canyons and Ancho Canyons, and probably in the vicinity of Chino Mesa [Aubele, )
along White Rock Canyon. Texture and clast lithology variable. Includes west of the Rio Grande. Thickness generally <6G m {<200 f) but about 1978). The Otowi flow of Galusha and Blick [1971) gave an age of 6400 | Quartz-rich basaitic-
thin (<2 m; <6.5 i) alluvial deposits west of the Rio Grande and, in places, 90 m (300 fi) east of the Rio Grande. As mappead, may include exposures 2.5740.02 Ma [locality 145a), and a massive flow probably derived 5 ?nn:s?tﬂtiiﬁz‘g?ég;:a
El Cajele tephra (~50-60 ka; Reneau et al,, 1996]. Thickness generally of lower Bandelier Tuff, which it lies above. Palecflow direction to the from La Mesita (locality 145¢) gave an age of 2.5530.02 Ma (Table 1].
4-10m (13-33 i) but locally along White Rock Canyon exceeds 25 m east. Derived from the Valles calldera west of the map area. Age 1.2 Ma The flow between Water and Ancho Canyons gave an Ar/Ar age of
(82 fi). Overlies Bandelier Tuff west of White Rock; elsewhere overlies (lzett and Obradovich, 1994) 2.320.3 Ma. Age bracketed by the 2.620.4 Ma age of stratigraphically
basalic flows, phreatemagmatic deposits, and landslides. Sails thin (<0.5 m; lower Tcbs near Ancho Canyon (Table 1) and the 2.33 Ma age of
<1.5 1) and weakly developed at most locations, buf lenses of El Cajete Bandelier Tuff, lower part (early Pleistocene}—Slightly welded pyroclasfic overlying Tebs along los Alamos Canyon (Table 1) 6300
fephra, strang Bt [west of Rio Grande) or K horizons [White Rock Canyen flows [Otowi Member) of pumiceous rhyslite and a compound pumiceous Quartz-rich basaltic
and east], and buried soils (Birkeland, 1984) demonstrate that deposits fall unit (Guaje Member| as thick as & m (20 i), also of rhyoliic compaosition. - Basalt flows (Pliocene)~Thin (<10 m: <33 ft} flows of olivine basalt ARRNN |[LLL andesite (?)
are polygenefic and locally older than late Pleistocene Best exposed in deep canyons west of the Rio Grande, parficularly in (hawaiite, see Table 2) containing <5% quartz xenocrysts and exposed I
Los Alames (Section A} and Sandia Canyons. One or two thick flows mainly beneath large areas of Sagebrush Flats {Sections F and G} and L _ .
Landslide deposit (Holocene to late Pliocene)-Massive slumps and overlie the Guaje Member, which is absent at many exposures. Maximum along the east boundary of White Rock quadrangle. Brecciated and NiEaEnN HNREAN Q:ﬁg:;?;:'}%asalt'c
debris flows rich in basaliicheulder gravel mainly exposed along White thickness about 50 m [165 Hi}. Lies beneath upper Bandelier Tuff. Fills sparse baked zones between flows. Maximum thickness ~70 m (~230 f] GE0D '
Rock Canyon, north of Chagquehui Canyon, and dlong Cafiada Ancha. canyons as deep as 50 m (165 fi) cut info tholeiitic olivine basalt {Tcbg), near Chino Mesa. Overlies phreatomagmatic deposits {Tem) and Pliacene
Most slides are inactive. Deposits consist of massive slump blocks with basaltic andesite (Tebol, and phreatomagmatic deposits. Derived from alluvicl deposits {Ta] along Caiiada Ancha, at the White Rock Overlook, Tcba Massive, quartz-rich
coherent internal stratigraphy near canyon rims and progressively deformed the Valles caldera west of the map area. Age is 1.6 Ma (lzett and and in Pojarito Canyon. A latite - andesite flow (Baldridge, 1979) included HEsalicandosio
slumps and debris flows closer to the Rio Grande. Upper surfaces of Chradovich, 1994) with Teby lies above the Totavi Lentil {Tpt) in Ancho Canyon. Andesite
many slumps [near Pajarito Springs and southwest of Otowi Bridge, for and basallicandesite flows (Tco, Teha) and Quaternary alluvium lie above 6100 M| LA
example] are sites of active fluvial and colluvial processes and are covered Cinder cone deposit (Pliocene)-Oxidized cinders, agglomerate, and hawaiite in the Sagebrush Flats area, whereas Tebs flows lie beneath T ] ||| ©fivine (8 quartz) basalt
with >4 m (>13 ft] of fluvial, eclian, and colluvial depaosits. Such flai to minor areas of phreatomagmatiic deposits composed of olivine basaltic basaltic andesite (Tcha) or olivine basali {Tehy) at most exposures west
genlly sloping areas are mapped as Qlsa. Dips in massive slump blocks andesite and basalt. Contains 2-8% quartz xenocrysis. Exposed mainly of the Rio Grande. Probable vent areas are marked by cinder and 1 Red cinders & agglomerate
range from 8° to 70° toward head scarps. Failures occurred along (1) along the Rio Grande and at the Caja del Rio Canyon. Granular surface agglomerate depasits from Sagebrush Flats south to Chino Mesa; younger Black cinders
steeply dipping planes rooted in the Santa Fe Group, (2] subharizontal deposits, dissected cinder cones, and slightly lithified exposures in canyon basaltic and andesitic flows probably cover other vents. A flow exposed : Phisatomagratis
planes in clayey silt layers found at several levels of Fliocene fluvial and walls; best exposed near Lla Mesita [Section C). Massive fo planar on the scuth rim of Caja del Rio Canyon (locality 122] gave an age of surge & fall deposits
lacustrine deposits {Ta), and {3) steep walls of maars. Limited areas of bedded, locally rich in lava amd accidental bombs <0.2 m (<0.5 i) in 2.49+0.03 Ma (Table 1). An age of about 2.6 Ma (Table 1) was ) Black dndars
autochthonous rocks are included in areas mapped as Qls. Slide material diameter. Maximum thickness about 60 m (197 fi). lies above obiained by Bachman and Mehnert {1978} in Ancho Carnyon _
overlies rocks of the Santa Fe Group ot most sites. At several locations phreatomagmatic depesits at many expasures. Age not closely bounded i reahble greval (quanizie)
undisturbed late Pliocene deposits lie stratigraphically above landslide but probably late Pliocene - Basaltic flows (Pliocene?}-Olivine basalt flows and more evolved rocks a S;nglgnga%rgvfelpcl’évgranltlc),
deposits {Section H]. Morphology of mast failures and inclusion of exposed within 20 m [66 i) of the present level of the Rio Grande and 5900 - direction 210°-230°
Bandelier Tuff in some suggest that slides were active in early to middle Phreatomagmatic deposit (Pliocene)-Bedded to massive fall, surge, Cariada Ancha. Flows are thin to massive and include a lava lake (Caja
Pleistocene time but that many became stable in the middle to late and flow deposits composed off basaltic tuff and cinders and cecidenial del Rio Canyon) and o number of poorly exposed outcrops along the D
Pleistocene. El Cajete tephra (~50-60 ka; Reneau et al., 1996 lies on fragments of the Santa Fe Group.. Thickest exposures along the Rio Grande Rio Grande from Water Canyon to Chaguehui Canyon. Thickness 20-95 m Mortandad Canyon
landslide deposits south of the White Rock area. Solls are generally and Carada Ancha (Section G). Fall beds, 0.3-3.0 m {1-10 fi) thick, {66-310 ft). The latter flows lie above deformed phreatomagmalic deposits P R s
0.8-1.4m (2.5-4.5 ft) thick. Carbonate morphology (Birkeland, 1984) are composed mainly of ash @nd lapilli containing sparse bombs of [Tem) and beneath cinders and agglomerate (Tec). Sources of the flows Q:{*ﬁ:&btﬁ?_:{*ﬁ}f Tshirege Tuff
is stage IV at some sites, but stage Il carbonate is present in most accidental fragments and basaltic fragments. Surge beds are planar and are buried, probably diverse (Table 2), and may lie in a strafigraphic B, Leahrns Ak —
expasures. Cation ratios in rock vamish [Dethier et al, 1988) at two sites crossbedded, locally rippled, coarse silt to pebbly sand, generally pasition similar to subsurface voloanic rocks reported by Griggs 1964, ft MQE“M Otovrn 5 )
suggest that those landslides stabilized >250 ka 0.1-0.4 m [0.3-1.3 h) thick. Flow deposits are mainly matrixrich pebble some as old as middle Miocene (WoldeGabriel et al,, 1996). A flow 6300 [y Guaje Pumice Bed
to boulder gravel in discontinuious beds 1-4 m {3-13 fi] thick. Near necr the mouth of Water Canyon gave an age of 2.50+0.04 (Table 1) s v
Fluvial and lacustrine deposit (early Pleistocene? and Pliocene)- maars the concentration of accidental fragments decreases upsection. R e
Crossbedded sand, gravelly sand rich in lithologies from the Sangre de locally sheared, slumped, or brecciated. As much as 60 m (200 i) thick - Basalt, undivided {Pliocene)-Olivine basalt, hawaiite, and basaltic RSB SHS
Cristo Range, thinbedded sit and silty sand, and beds of phreatomagmatic near maars such as la Mesita [Section C), "Buckman maar" (Section G; andesite containing 2-8% quartz xenocrysis and exposed in the scuthern i i 1 1 frIC_?‘_bg 11 1 : I Olivine basalt
cinders and debris flows exposed along Cafiada Ancha [Sections F and Aubele, 1978), and "Montoso maar’ [Aubele, 1978). Generally lies part of the map area (Section 1). Thin to massive flows. Thickness from 20 m A o o A
G| and north of Water Canyon, west of the Rio Grande (Sections A and above Puye Formation, undivided Santa Fe Group, and inierlayered fo =150 m [from 66 ft to =490 ) in the southern map area. lies above BR00~[ T L
Dl. Maximum thickness ~30 m (~100 fi]. Overlies phreatomagmatic basalt and phreatomagmalic deposits. Lies beneath Hlows of basaltic phreatomagmatic deposits (Tem). Generally lies beneath Teba and may !
deposits along Cariada Ancha and Puye Formation or basaliic rocks andesile, basall, or cinder and mgglomerate deposits. In Ancho Canyon be equivalent, in par, to basalt mapped as Teba. Montoso maar [Aubele, ISR R
near the Rio Grande. Overlain by and interlayered with phreatomagmatic (Section ], lies on Teby, which gave an age of 2.6 Ma (Table 1), but 1978) was the probable scurce for much of this unil. Age unknown but e
deposits and flows of basaltic andesite {Tcba) or basalt (Tebs). Paleocurrent strafigraphic relations suggest deposits clong Cafiada Ancha may be probably middle to late Pliccene _
direclions measured on channels and gravelly crossbeds range from somewhat older. Minimum age not well known Pllow basaltd,
6100 palagonitic breccia
180° to 270° and average about 220°. Correlates with older alluvium flow direction 75°—130°
of Griggs (1964] and, in part, with the Ancha Formation of Spiegel and Basalt and interlayered phreatomagmatic deposits (Pliocene)-Thin MAP SYMBOLS
Baldwin (1963). Relationship to Santa Fe Group sedimeni unknown. (<10 m; <33 i) basaltic flows intierlayered with basaltic phreatomagmaiic — o
Contains lenses of dacitic tephra along Cafioda Ancha. Manley (1976) rocks, mainly surge and flow desposits, and mapped in the southern part Contact < 3?‘:;50%3190295%2),( e
reported an age of about 2.7 Ma (Table 1) for one lens some 8 km {5 mi) of the map area near the Rio Grande. Multiple baked layers exposed B - =| basaltic cinders, and
east of Caja del Rio Canyon. Age elsewhere not well known in Chaquehui Canyon (Secfion K] and along the north margin of Chino —t— —— Normal fault-Ball and bar on downthrown block; 8000 —f=—71T7T e bedded silt
Mesa [Section |). Maximum thickness about 50 m {165 ft). lies on dashed where approximately located; dotled where _l_ | Basaltic andesite
Puye Formation fanglomerate (Pliocene; Griggs, 1964)-Weakly phreatemagmatic deposits and Sanic Fe Group. lies beneath buried or concealed I o8
lithified pebble to boulder gravel, boulderich debris flows, massive to phreatomagmatic deposiis and basalt flows. One flow in Chaquehui s q .
plancrbedded sand, thin (<1 m; <3 k] beds of dacitic tephra and Canyen gave an age of 2.78+0.04 Ma (Table 1) 3y Strike and dip of bed TTTT] Sgti;‘gl:ry;& basaltic
pumiceous alluvium, and beds of fine sand and silt. Exposed west of the Tcbal
Rio Grande except for an isolated outcrop south of the mouth of Cafiada Basaltic intrusion (Pliocene}-Olivine, pyroxene basaltic andesite containing w Thin (<4 m; <13 ft} fluvial and eolian deposit 5900 ) _
Ancha (Section F). Gravel beds generally 0.5-3.0 m (1.5-10 1] thick. quartz xenocrysts. Forms fine-grained dikes and small, shallow intrusions, aNEERY BEESS Rasalicandesits
Debris flows range from 0.3 m (1 f} to about 5.0 m [16 #) thick. Clast with sharp chilled margins, asseciated with maars and cinder cones along ol Paleocurrent direction—Arrow tail at measured site Silt, clay & basaltic
and mafrix lithology mainly dacite derived from the Tschicoma Formation the east margin of White Rock: Canyon. Mast prominent infrusion is @ cinders
of the Jemez Mountains, but Precambrian material composes >30% of small plug capped with agglormerate af the west edge of Chino Mese. ~— ~7==== ~  Top of landslide block in slide complex
some fluvial units. Thickness 5-30 m {16-100 #). Fills channels cut in Aubele [1978) suggested that a sill lies beneath cinders and agglomerate >
rocks of the undivided Santa Fe Group and, along Los Alamos Canyon along the west margin of Sagebrush Flats, and the andesitic exposure in EF—— frace of stratigraphic section -£] Pebble to cobble gravel
{Section A, into cobble gravel of the Puye Formation, Totavi Lentil {Griggs, Water Canyon (locality 100) may be intrusive. Dikes generally vertical (1%%&03'-%).: MK e
1964). Exposed beneath guariziterich cobble gravel (Totavi Lentil] or and <10 m <33 fi] wide. Unit imfrudes phreatomagmatic or cinder-cone m147¢  Sample locality—Number refers 1o Table 1
phreatomagmatic deposits af most locations (Sections D and ). Paleocurrent deposits. Not dated but probably middle or late Pliocene
directions measured on channels, gravelly crossbeds, and imbricated 1470 Sample locality—Number refers to Table 2
cobbles range from about 90° to 200° and average about 150°, slightly o
south of the frend of present canyons. Faulted locally near the mouth of 036 Sample locality of Baldridge {1979)-Number refers to Table 2 Szgg%%gaxg' (a(:l%c'tlc)’
Ancho Canyon; otherwise undeformed. Pumiceous Puye gravel 8 km (5 mi) dacitic tephra; flow
north-northwest of Otowi Bridge gave a fissiontrack age of 2.9 Ma @4 Sample locality of Aubele (1978)-Number refers to Table 2 direction 90°~130°
35°45' 35°45' (Table 1). Turbeville ef al. (1989) report that the upper part of the Puye - : ; sy sand & lanseaip!
106°15' 106°07'30" Formation may be as young as 1.740.] Ma northwest of the White Rock Unnumbered sample localities are from Baldridge, 1979, and WoldeGabriel et al,, 1995 gravel (intermediate
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Mouth of Cafiada Ancha

INTRODUCTION

PLIOCENE AGGRADATION AND CANYON CUTTING

PLIOCENE VOLCANISM
ALONG NORTHERN WHITE ROCK CANYON

TABLE 2—Selected major-element analyses from the Cerros del Rio volcanic field, White Rock quadrangle. Total Fe is reported as Fe)O3; and. = andesite, thol. =
tholeiite, bas. = basalt, bas. and. = basaltic andesite, haw. = hawaiite, oli. thol. = olivine tholeiite, and na = not analyzed. Analyses of samples 4 and 5 are from Aubele
(1978), and analysis of sample 36 is from Baldridge (1979). Sample 1a is from Dethier's D-86 series; all other samples are from the author's D-85 series.

" Theh\'\gli;e Rock qulfdr}::mgle (FLg. 1)l exposes a ;iverse guite ofdMiocgne 5 Sec.lgrg?lt of Fthe Satpta Fe flgti‘)iup (Gr;iglgs,_l96)4) anddoxierlying alluviéal-fan _— 1 " - P

through Holocene rocks that record volcanism, sedimentation, and erosion epost ye Formation an ocene alluvium) record alternate aggradation e Pliocene volcanic sequence that comprises the Cerros del Rio fie

5(?00 | Cobble gravel along the axis of the Rio Grande rift in the southern Espariola Basin. Rocks and canyon cutting centered near White Rock during late Tertiary time. Rock (Smith et al., 1970) includes cfllow and phreatcf)magmatic rocks erupted from T = Tebs Tk T {r;bsa II;cal;a E‘bsa Tebr Tebs Tf’:’il_“ Teby Teb Ic:;l Tebu

—{ Thin-bedded silt & were derived from volcanic sources in the Cerros del Rio and the Jemez types and sparse paleocurrent directions in the Santa Fe demonstrate that it maars and cinder cones near the Rio Grande, a dome complex in the anid. and., thol. thol. o anidL and. snid. haw: haw: thol. haw: haw: and. haw:
ﬁ'aii/:t\ésb'gag;?es Mountains and from eroded metamorphic and intrusive rocks exposed in was derived from eastern and northern sources and deposited on low-gradient southeastern part of the area, and buried vents on both sides of the river. Sample no. 4 36 131 141 72d 147b 145¢ 139b 1a 122 129 40 104 137 5
s;’nd & silf sand the Sangre de Cristo Range. In Miocene time, before the Rio Grande developed surfaces, probably as a broad alluvial plain that extended beneath the present Sources of basaltic rocks (Tch7 and Tcbm) that crop out close to the Rio Grande

Boulder gravel as axial drainage for the Espafiola Basin, the map area was on the west and Jemez Mountains. This thick basin fill accumulated in and filled the sagging are not known in detail, but at least some flows originated at maars along Si0, 60.09 64.12 50.03 52.04 52.85 52.65 53.23 58.78 51.57 50.48 49.29 49.79 50.34 55.06 50.18
7| Sand & gravel southwest margin of a large alluvial-fan complex. Sometime before about 3 m.y. western margin of the Espafiola Basin to a local elevation greater than 6,100 ft the Rio Grande and at buried vents to the west, probably at a stratigraphic TiOs 0.78 075 1.49 151 172 153 153 0.95 1.49 152 1.44 161 1.67 1.46 0.93
29 Boulder gravel ago (Ma), perhaps in early Pliocene time, the Rio Grande began to run through (present) from at least middle Miocene until Pliocene time. By middle Pliocene level similar to a flow-rich interval noted in the subsurface by Griggs (1964). ALO 1692 1620 1638 16.42 15.12 1739 15.52 16.43 1673 1621 1612 16.59 16.87 18.08 15.61
ng:gd ;‘lat"&d' el the vicinity of White Rock Canyon (Manley, 1979). Since middle Pliocene time (~3 Ma), however, a southwest-flowing arroyo complex and east-flowing Many slightly younger flows also originated at maars and from cinder cones iy ' ' ' ' ' y ' ’ ' ' ' ’ ' ' ’

covered , d . time, the river has flowed near its present location, shifting less than 10 km drainage from the Jemez Mountains deeply eroded the fill to a base level near White Rock Canyon. Field evidence indicates a widely variable Fex03 6.02 a07 11.89 a7 9.40 8.87 8.83 6.64 R 948 1.1% 463 9.63 836  10.06

Rio Grande (6.2 mi) laterally in response to volcanic activity along the river and to the apparently determined by the ancestral Rio Grande. Ensuing volcanic and magma—water interaction at those vents. A number of cinder cones (La Mesita MnO 0.09 na 0.18 0.16 0.15 0.14 0.14 0.11 0.15 0.15 0.16 0.14 0.15 0.08 0.14

construction of a volcaniclastic fan (Puye Formation) from the Jemez Mountains. volcaniclastic activity filled and built broad areas of low slope near what is and the cones at Caja del Rio Canyon and north of Chino Mesa) overlie MgO 2.80 2.74 6.75 6.02 6.06 4.66 6.00 428 6.47 6.93 7.33 6.30 5.43 2.31 6.58

The symmetry and age of slump complexes along the Rio Grande indicate now White Rock Canyon. phreatomagmatic deposits erupted at the same vent, apparently as part of CaO 5.21 478 9.34 9.01 7.69 754 7.80 6.52 8.54 8.70 9.94 8.59 7.98 6.72 8.67

F tha-t the river has. not ch'anged course appreciably since before middle Evidence for the principal southwest drainage is exposed best along the same magmatic episode. Other maars do not display evidence of oxidized Na;,O 422 417 342 329 410 475 417 430 4.49 430 326 370 479 447 410

Norih End Pleistocene time. Middle Pliocene fan construction; location, age, and chemistry Canada Ancha (Sections F and G), where phreatomagmatlc deposits fill a deposits. A vent complex located between Water and Ancho Canyons and a s . 585 ik $44 58 w413 o 211 14 . - 198 L7 218 1575
Sagebrush Flats of volcanic rocks erupted at maars and other vents along the Rio Grande; deep channel cut in undivided Santa Fe Group and are interbedded with and probable vent along southwestern Sagebrush Flats expose only minor amounts 2 . : . : . : : : : : ' : : ‘ :

. 2‘:)0 age» ru? e Pl and the Quaternary history of White Rock Canyon are discussed below. overlain by Pliocene fluvial and lacustrine units (Tz) deposited by southwest- of phreatomagmatic deposits and relatively large volumes of lava. These P20s5 045 0.37 0.34 0.32 0.74 0.84 0.73 0.51 0.94 0.92 048 0.76 0.78 0.62 0.74
T T T deposits Miocene sedimentation and tectonics of the Espariola Basin (Manley, 1979), flowing drainage. Spiegel and Baldwin (1963) mapped the southwest wall vents and one at La Mesita apparently produced massive flows of basalt Total 99.18 10103 10070 10118 10047 10047 10039 100.62 10157 10044 100.04 9886  99.40  99.31 98.73
ity QAT i evolution and petrochemistry of the Cerros del Rio volcanic field (Aubele, of Cafiada Ancha east of the White Rock quadrangle as Pliocene Ancha (Tcba) exposed near the river. Montoso maar (Aubele, 1978) may have been
S [} S wine basa 1978; Baldridge, 1979; Duncker et al., 1989), and evolution of the Jemez Formation, and it is likely that some undivided deposits in the Caja del Rio an additional source. Hawaiite and related rocks (Tchz) that form gently
[F o=t 4 4t t A+ + 1 Glide plane volcanic field (Gardner et al., 1986; Self et al., 1986, 1988) have been discussed area are equivalent to the Ancha. I follow Griggs (1964), however, and include sloping surfaces at Sagebrush Flats, at eastern La Mesita, and at Chino Mesa cut >120 m (>400 ft) through Tcbs flows (Reneau et al., 1995). The only outcrops

— ~ - = = . =7 |Thin-bedded silt in detail by previous workers and are not examined here. all sediment beneath phreatomagmatic deposits as undivided Santa Fe Group (Aubele, 1978) originated, in part, from vents near the Rio Grande. Other of upper Bandelier Tuff east of the Rio Grande suggest that the ancestral

6100 . C'"hdrg:t’(')cmh:’ ;2233' and map overlying nonvolcanic fluvial and lacustrine deposits as Pliocene vents probably are buried beneath andesitic rocks. The youngest basalts (Tch3) White Rock Canyon was probably cut in colluvial debris to slightly less than

= ?a" deposng alluvium. Aggradation recorded near Caja del Rio and in canyons west of flowed east from vents buried by Bandelier Tuff west and northwest of the 5,800 ft, when tuff flowed from the Valles caldera to the Rio Grande. If the

s —=." 2. "Cinders & granitic sand 106°22'30" 106°15' 106°07'30" 106°00' the Rio Grande (see Sections D and J) followed middle Pliocene downcuttin map area. Most of the basaltic rocks were erupted between about 2.7 and canyon had been as deep as at present, significant amounts of tuff would not
s T8kt A Sand & granitic 36°00' Espafiola and fluvial, volcaniclastic, and volcanic rocks filled the area of White Roc% 23 rI)\/Ial (WoldeGabriel et al., 1996). Andesites (Il:)"ca) that crop out south and have reached southwestern Sagebrush Flats.

pribie gl ’ Canyon. Canyon-filling deposits included fluvial deposits and debris flows east of Sagebrush Flats erupted from vents and domes in the southeastern White Rock Canyon has been deepened by approximately 120 m (400 ft)

| ) ) Sindoval €o. J— jFe I * (Puye Formation) derived from dacitic volcanics (Tschicoma Formation) in map area and in the vicinity of Ortiz Mountain on the Agua Fria and Montoso since Bandelier time, but only sparse geologic evidence about the timing of

6000 break in section R . _| the northeastern Jemez Mountains (southeast paleocurrent directions), cobble Peak quadrangles. Stratigraphic relationships demonstrate that the andesites canyon cutting is preserved locally. Patches of gravel rest on Bandelier Tuff

i i ’;_Ri" Arriba Co._ | - N gravel rich in Precambrian quartzite deposited by the ancestral Rio Grande are younger than all the basaltic rocks east of White Rock Canyon and that in the White Rock area, suggesting that fluvial systems were active on the

A | Santa Fe Co. (Totavi Lentil of the Puye Formation; south paleocurrent directions), and some andesite flows are younger than the 1.60 Ma lower Bandelier Tuff (D. P. canyon rim before renewed _dowpcutting. Elsewhere in the Espafiola Basin

Olivine basalt Guaje K phreatomagmatic deposits and basaltic rocks mainly erupted at maars along Dethier, unpubl. data 1986). (Dethier et al., 1988), rapid incision along the Rio Grande took place afFer
Glide plane LosAlamoso  Mtn, } A the Rio Grande. Chemical analysis of 40 flows from the White Rock quadrangle about 620 ka, probably in response to climate change or regional uplift.
gfgg’;hg\'}el (quartzite) _ GUAJE MTN. Puyg oy o EspaNoLA Griggs (1964) described the Totavi Lentil as a record of the initiation of (WoldeGabriel et al., 1996; Baldridge, 1979; Aubele, 1978) shows that Exposures and soil development in White Rock Canyon are consistent with
Clay-ricg silt 3 [ the Rio Grande in the White Rock area, but field relations and studies by compositions range from basalt to andesite and suggests the influence of at cutting of the modern canyon in middle Pleistocene time, but terrace remnants

= Interbedded dacitic debris o | Waresback (1986) show that the Totavi is time transgressive. Outcrop patterns least two parent magmas. With the exception of sample 5 (Table 2), all analyzed are small and scattered. The highest fluvial terraces (Qas) preserved in the
flows, poorly to well-sorted $ . suggest that the aggrading Rio Grande flowed as far east as Buckman Mesa rocks from the map area are hypersthene-normative. Rocks mapped as Tcb; map area are approximately 46 m (150 ft) above the Rio Grande, are older
Saricl & gravel and diciic A Wiieg ™ (La Mesita) and along the north edge of Sagebrush Flats (Section F), yet the include hawaiite (40, 104) and basaltic andesite (137). A flow interlayered than 50-60 ka (approximate age of the El Cajete tephra; Reneau et al., 1996),
tephra; flow direction EQ’ ~ dos 4; Rock thickest deposits of the Totavi Lentil crop out 1-4 km (0.6-2.5 mi) west of the with phreatomagmatic deposits (Tcbm) in Chaquehui Canyon is an olivine and are probably younger than about 300 ka, as suggested by cation ratios

-:| 185°-230° ) —J \s‘a”’%- ’ present river. Waresback (1986) demonstrated that the pre-Puye Rio Grande tholeiite (129). Two analyses from Tcbz are of hawaiite composition, as is in rock varnish. Slumps stable since before ~60 ka have obliterated evidence
.4 \S?pgiﬁs‘ﬂéﬂb":ﬂe e & (e = "o,:? 5] flowed some 10 km (6.2 mi) west of its present position and migrated to the sample 5 (Aubfele, 1978) from the undivided basalt unit (Tcbu). The "early ;bout the timing of incision between about 1.1 Ma and middlg Pleistocene
A oo i bofn grs A P east as the Puye fan expanded and possibly in response to tectonic tilting. northern hawaiite" of Aubele (1978) may be equivalent to Tcbz and, in part, time. Net incision during the_ past 60-300 ka has been approxxmately 46 m
(granitic) & silty sand .| A FRIOLES Q\q’ Waite Rock | Horcapo Rancu Griggs (1964) concluded that the Totavi Lentil was interlayered with flows to Tebu. Thick flows of basalt and basaltic andesite, both rich in quartz (150 ft), but downcutting was interrupted briefly by several separate episodes
covered e Rundiclier \ A of the Tschicoma Formation in the subsurface near Los Alamos, near the base xenocrysts, are included in Tcba, which crops out mainly within 1 km (0.6 mi) when slumps dammed the Rio Grande downstream from Water Canyon, and

5700 Natignal i Moaoso Ortiz Mtn of a volcaniclastic sequence in thg subsurface of Guaje Canyon. South of Los of White Rock Canyon. The diversity of basalt compositions at each of several lacustrine _sediment accumulated at least as far nprth as Otowi Bridge. The

Monument Peak Alamos Canyon, however, Totavi gravel rests on Puye Formation deposited stratigraphic levels suggests that closely spaced vents tapped diverse magmas. clearest evidence for the oldest of these episodes is exposed at the mouth of

by east-southeast paleocurrents (Sections D, F, and J). In Water Canyon, for Nine flows and palagonitic breccias mapped as Tchs, however, are all tholeiitic Cafiada Ancha (Section E). Damming probably resulted from landslide activity

G | instance, the Totavi forms a thick layer 30 m (98 ft) above the base of the (WoldeGabriel et al., 1996; Baldridge, 1979); the isolated basalt outcrop at after periods of rapid incision, perhaps during climatic episodes wetter than

ft Caja del Rio Canyon Puye. Puye mudflows and fanglomerate exposed at Sections D, F, and ] were sample locality 141 is the most evolved of this group. Flows from the southeast at present. Lacustrine sediment also records landslide activity and damming

6200 = TS===q;,=] Eolian & fluvial | deposited when the Rio Grande flowed to the east of these areas. Subsequent map area are andesitic. of the Rio Grande during several periods between 20 and 10 ka (Reneau et al.,
P f: *| deposits / (85 aggradation and volcanic activity near Otowi Bridge forced the Rio Grande The range of composition and stratigraphic context suggest that magma 1995).

L1111 Teb2 77 T T Olivine basatt | CocHITI DAM | MoNTOsO PEAK | AGuaA Fria west over the dacitic deposits. Thick Totavi gravel exposed along Sandia, composition changed over the million years of eruptions in the Cerros del
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FIGURE 1—Index map of White Rock quadrangle, surrounding quadrangles, and
major geographic features.

J

Mortandad, and Ancho Canyons suggests that the Rio Grande may have

include: (1) the early Pliocene Rio Grande flowed along the eastern margin
of the Jemez Mountains, moved east as Tschicoma volcanics were emplaced
and the Puye fan expanded eastward, and shifted west in response to the
growth of the Cerros del Rio field; (2) the early Pliocene Rio Grande flowed
along its present course, shifted west in response to tectonic activity, and
returned east as the Puye fan expanded; and (3) little stratigraphic significance
can be attributed to the presence of gravel rich in Precambrian rock because

Rio field, but radiometric ages do not clearly separate different eruption

the tholeiites cover in the White Rock area. Hawaiites and more alkalic flows
exposed south and west of the map area (Baldridge, 1979; Aubele, 1978)
suggest early and probably extensive eruptions of alkaline basalt east of the
Rio Grande; however, large areas of alkaline rocks are not exposed in the
map area. Andesites in southeastern White Rock quadrangle could have
formed from crystallization of tholeiitic magmas. The andesitic flows, however,
rest on a platform of hawaiite, from which they could not have evolved. If

EE T b '“;ﬁL?,?S,f,eg 3{1?225,_ (I) tu‘ ? m aggraded at these locations for an extended period of time. If the subsurface chemistries (Table 1). The relatively young tholeiites of Tcbs are not related
magmatic fall deposits (') é 1'0 ki interpretations of Griggs are correct, models for deposition of the Totavi Lentil simply to the older, more alkalic rocks of Tcb; or to the basaltic andesites that [ gratefully acknowledge the permission to work and the support given

by the Governor of the San Ildefonso Pueblo. Field studies were supported
by the Associated Western Universities Program of the U.S. Department of
Energy, the New Mexico Bureau of Mines and Mineral Resources, and the
Environmental Restoration Program of Los Alamos National Laboratory.
I thank John Hawley, Bill Laughlin, and Jamie Gardner for their support and
encouragement and Steven Reneau for his insights about the evolution of
White Rock Canyon.

ey Ancho Canyon lenses and channels are present at several horizons within the Puye Formation. the average thickness of andesite is at least 60 m (200 ft), the minimum volume
ft a 3 [R— Extensive radiometric dating of the La Mesita maar—cinder cone complex of andesitic rock exposed in the White Rock quadrangle is 2 km3(0.5 mi®), REFERENCES
| Massive cobble-rich (basalt 6200 i ks and subsurface exposures of the Puye Formation would greatly aid choosing and larger volumes are present elsewhere in the Cerros del Rio field (Aubele, :
& quartzite) debris flows A between these alternatives, but stratigraphy in the White Rock area favors (1). 1978). Stratigraphic and radiometric evidence suggests that in less than Aubele, J. C., 1978, Geology of the Cerros del Rio volcanic field, Santa Fe, Sandoval,
e e A The apparent paleogradient of the Pliocene Rio Grande in White Rock 500,000 yrs basalt, hawaiite, and basaltic andesite erupted along and east of and Los Alamos Counties, New Mexico: Unpublished MS thesis, University of New
gravel Canyon, 0.50%, is more than twice the present gradient and may suggest the the Rio Grande, followed by eruption of tholeiites from upland areas west Mexdco, Albuquerque, New Mexico, 136 pp. h .
influence of tectonics or changes in hydraulic geometry. The basal contact of of the canyon, building a flow sequence >200 m (>700 ft) thick. Finally Bac};'man, 5.0, il Bgtiest, K1, EL 178, Tsew 1o daites sl thedats Plivsane b
: Puye Formation fluvial deposits near White Rock Canyon closely defines the andesitic flows emerged from centers east of the Rio Grande, probably in folpeene geaumorphic histony of the central Rig Grands megion, Flew Mesdoo:
"' Thin diatomite beds 6100 ) e £ the Pli Rip Crandasnd : ) Iy : ¢ yl di 1 Pl : I%I detailed dati 1 chorsitesl ) P 12, 1 Geological Society of America, Bulletin, v. 89, no. 2, pp. 283-292.
. 54 | it ohifoin Bassit eB evation of the ocene kio Grande an permits calculations of paleogradient. atest Phocene hmg. ore detaile : E'ltln'g' and chemical analysis may help Baldridge, W. S., 1979, Petrology and petrogenesis of Plio-Pleistocene basaltic rocks
v asal Puye Formation is between 5,800 and 5,900 ft along lower Los Alamos establish the tectonic and petrologic significance of the temporal changes in from the central Rio Grande rift, New Mexico, and their relation to rift structure;
-] Deposit fills Canyon (0.5 km [0.3 mi] north of the White Rock quadrangle), 5,750 ft in the locus of volcanism. in Riecker, R. E. (ed.), Rio Grande rift—tectonics and magmatism: American
channel at 230° Sandia Canyon and southwest of Cafiada Ancha, and about 5,500 ft at Ancho Geophysical Union, Washington, D.C., pp. 323-353.
Canyon, the most southerly outcrop in White Rock Canyon. If this contact FAULTING Birkeland, P. W., 1984, Soils and geomorphology: Oxford University Press, New York,
- | Silty sand & granitic 6000 | is isochronous, the average gradient of the Pliocene Rio Grande was more 372 pp. i ) )
sand:and gravel Massive flows of basaltic andesite than twice the present grade of 0.20%, and there is an apparent steepening The near absence of faults in the White Rock quadrangle is striking, Dethier, D. P, Harrington, C. D,, and Aldrich, M. ], Jr, 1988, Late Cenozoic rates of
5700 OREtiing pRlagotitio Rreets of slope between Ancho and Sandia Canyons. Post-depositional tilting to the considering its location along the axis of the Rio Grande rift, extensive  erisring S fweSt_eg ElSpénollgBefsm’ I\giw M‘?XIC%TVéﬂemfo%om ggologgzgiggf
southeast may have produced the steep gradient, and local, unmapped faults volcanism, and the proximity to structures such as the Pajarito fault (Smith D u::df;?s}gng uwgﬁ? ] e;: f’ggimggteg gv L:;?ICJ&T ,uT}? mﬁgéon,'lg ON_: gﬁd Dickinn,
H could be responsible for the slope discontinuity. It is also possible, h(.)we.ver, et al., 1970). Poor exposure and lack of Quaternary activity are probable A. P, 1989, Diverse mantle and crustal components in lavas of the NW Cerros del
that the slope of White Rock Canyon was determined by different combinations explanations. If faults are present near the Rio Grande, they could be buried Rio volcanic field (abs.): Geological Society of America, Abstracts with Programs,
4 SW Sagebrush Flats 5900 of hydraulic variables in middle Pliocene time, that the age of the basal Puye by landslide or colluvial debris, and faults without post-middle Pliocene v.21,no. 1, p. 9.
6300 4 Formation near White Rock Canyon is time transgressive, or that there was motion would be covered by basalt, andesite, or the Bandelier Tuff in most Galusha, T., and Blick, J. C., 1971, Stratigraphy of the Santa Fe Group, New Mexico:
Interbedded phreatomagmatic a waterfall or other knickpoint north of Ancho Canyon in middle Pliocene of the quadrangle. It seems probable that Pliocene volcanic activity was American Museum of Natural History, Bulletin 144,127 pp. ) '
*| Thin flows of olivine basalt deposits and sand and gravel time. localized along fault zones, but I mapped evidence of latest Pliocene or Gardner,'J‘ N, prf, F.‘, G_arcia_, S. R, and Hagan, R C.., 1986, Strangraphnc relations
2 From White Rock north to Los Alamos Canyon, paleocurrent data and Quaternary faulting only in the area south of Ancho Canyon. Dips in the and lithologic variations in the Jemez volcanic field, New Mexico: Journal of
z E clast types in Pliocene alluvium (Tz) demonstrate that a west- and southwest- Santa Fe Group are relatively constant in well-exposed areas near Buckman, Geopltysieal Research, w91, ro.52, pp. 1763-1775,
5800 — - : : ; A ERg . . . . . . ; 5 Griggs, R. L., 1964, Geology and ground-water resources of the Los Alamos area, New
; =i directed fluvial system (including Griggs' type Totavi Lentil) was active which suggests that major local faulting has not occurred there since Miocene Mexico: U.S. Geological Survey, Water-supply Paper 1753, 107 pp
6200 —F bt during deposition of the Puye Formation and persisted during and after time. In addition, lithologic units can be broadly correlated across White Rock Izett, G. A.. and Obradgovich . D. 1994 40Ar/®Ar age constedints turihe Jaramillo
HR " R e B eruption of basaltic flows (Section D). In the northern map area, fluvial Canyon in most of the quadrangle. Field evidence thus indicates that faulting S ———— Matlllyama-Brunhes geomagnetic boundary: Journal of
PG F+++++++ 4+ + + 4 Olivine basalt deposits (in part the older alluvium of Griggs, 1964) are exposed near Totavi has not produced major offset in the White Rock area since before middle Geophysical Research, v. 99, no. B2, pp. 2925-2934.
; S 5 . I I 130 -2-2| Cobble gravel (quartzite); (Section A) and near the intersection of Buey and Mortandad Canyons, Pliocene time. Buried faults, however, are probably present. Machette, M. N., 1985, Calcic soils of the southwestern United States; in Weide, D. L. (ed.),
rgv reia L . 5700 % flow direction 160°—170° demonstrating that the Rio Grande flowed west of its present course at that Soils and_ Quaten_mry geology of the southwestern United States: Geological Society
LAy 07 © | Bandelier Tuff, upper; oo : time. The Otowi flow (Galusha and Blick, 1971) caps the south rim of Los QUATERNARY EVOLUTION OF WHITE ROCK CANYON of America, Special Paper 203, pp. 1-21. ) ‘ _
6100 e - O | fills channoels thgt | Dacitic debris flows, pebble to Alamios Canyon and flowed west to the vicinity of Totavi at about 2.6 Ma Manley, K.., 1976, The }ate anozmc_hxstgry of the Esparfiola Basin, New Mexico:
L g [ eno 1500 gobible gravel 2 dacttic pumico; (Table 1). Tholeiitic basalt (Tcb3) that fills canyons in Pliocene alluvium (Ta) Field data from White Rock Canyon suggest that a deep canyon was cut Repiiblished LD Sisseriation, Limverntraf Colotaily, o des, Colonds; 1LILpp:
flow direction 120°-180 f p ” ? : : Manley, K., 1979, Stratigraphy and structure of the Espaiiola Basin, Rio Grande rift,
owed east and southeast from vents west of the map area into a lake by the ancestral Rio Grande south of White Rock between middle Pliocene Niow Mesieo: i Risckes; K. B, (sd.), B Cusndeife—teotorios snd magrmaion;
(elevation 6,200 ft), indicating that the Rio Grande had migrated back to the and early Pleistocene time and that the river cut the modern canyon sometime ATRETGAR Ge/ophysical iiion; Waél;ington, D.C., pp. 71-86. B ’
5600 — east by about 2.4 Ma (Table 1) and that a period of canyon cutting occurred after eruption of the Bandelier Tuff (~1 Ma), perhaps during the middle Reneau, S. L., Dethier, D. P, and Carney, J. 5., 1995, Landslides and other mass movements
between deposition of Tz and eruption of the flows. Lacustrine sediment, Pleistocene (Reneau et al., 1995). The Rio Grande has cut canyons near its near Technical Area 33, Los Alamos National Laboratory: Los Alamos National
Silty sand & pebble gravel best exposed near Sections A and D and mapped by Waresback (1986) north present location since at least late Pliocene time. Paleocanyons filled with Laboratory, Report LA-12955-MS, 48 pp.
UnisrisdiieNoleires) of White Rock Canyon, demonstrates that White Rock Canyon was repeatedly palagonitic breccia demonstrate that the Rio Grande flowed at an elevation Reneau, S. L., Gardner, J. N., and Forman, S. L., 1996, New evidence for the age of the
s s dammed by volcanic activity in the Cerros del Rio field. Thin (<4 m; <13 ft) of less than 6,020 ft before tholeiitic flows entered a lake dammed in the youngest eruptions in the Valles caldera, New Mexico: Geology, v. 24, lrlo" L Pﬁ‘ 7-10.
o Tp covere ] fluvial or lacustrine deposits that cap some Tcb3 flows suggest that high-level canyon at about 2.4 Ma (Table 1). Field relations show that this ancestral Self;,f’)'l gﬁif&ikﬁ:?ﬁféiﬂéﬁﬂi ]_ Xe' ::“ljogt&m l\é[;klizfig' S:Ee?f)lv;re r?;o:!?s
Tcb1 T2 7~ 2 pyroxene andesite (?) flow alluvial deposition persisted briefly after eruption of the basalt. There is no canyon was at least 250 ft deep at White Rock but do not provide close selting o ol strekise i P
. i . . ; . e .. gional structure: Journal of Geophysical Research, v. 91, no. B2,
Boulder lag on colluvium —— = evidence, however, that sediment from the southern Sangre de Cristo Range estimates for the maximum depth of incision at this time. Exposures of the pp. 1779-1798.
C|nder-r|ch'phre_atomagmatflc has been deposited west of the present course of the Rio Grande since Tcb3 Bandelier Tuff in Chaquehui, Ancho, and Water Canyons fill a paleocanyon Self, S. A., Kircher, D. E., and Wolf, J. A., 1988, The El Cajete Series, Valles caldera,
: ’g'nffgzsrgw TS time. New Mexico: Journal of Geophysical Research, v. 93, no. B6, pp. 6113-6127.
Basalt flows K Smith, R. L., Bailey, R. A., and Ross, C. S., 1970, Geologic map of the Jemez Mountains,
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