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INTRODUCTION 

Rift volcanism ts often chru·acterlzed by the complex interplay 
between volcanic and geomorphic processes. By their very nature, 
rlfts are the loci for basaltic volcanism and often host the continental 
depressions that serve also as groundwater basins, major rivers, and 
lakes. Eruption processes are controlled by the depths at which 
rising magma intercepts either ground or surface water: in some 
instances, modern or ancient aquifers can be mapped by identifying 
the degree of phreatomagmatic activity that characterizes cones or tuff 
rings within a rift-bound volcanic field, 

The Cerros Del rue volc1:1nic field, located in the Espaiiola 
basin, immediately west of' Santa Fe (Fig, 1), contalns typical examples 
of the products of rift processes that have occurred within the Rlo 
Grande rift over the last 3 m. y, The best eA"Posures of sedimentary 
and volcanic rocks of the rift and of proXimal pyroclastic rocks from 
the adjacent Jemez volcanic field are along White Rock Canyon. This 
canyon of the Rio Grande, with a maximum depth of 300 m, begins at 
Otowi. along the road between Santa Fe and Los Alamos, and ends at 
Cochiti Pueblo (FJg, 2): much of the lower half of the canyon has been 
partly flooded by Cochlt1 Reservoir, a flood control and irrigatlon dam 
constructed upstream from the pueblo. 

There are no roads and only difficult trails along White Roclt 
Canyon: for this reason lt is easiest to usc a boat to gain access to tl1e 
locations described in this guide. The following descriptions along 
the canyon will be keyed to prominent geographic fcatures,in a 
manner similar to a traditional geological field guide, 

OEOI.JOGIC SETTIIVG AND HISTORY OF' THE RIO GRANDE Rl~f 

The Rlo Grande rift is a chain of grabens over 1000 km long, 
whlch trend south from Lcac\ville, Colorado and along the U .S.·Mexico 
border near Presidio Texas (Baldridge et al., 1 984), The northern rift, 
from central Colorado to central New Mexlco is well·defined, but 
breaks into a broad zone of grabens and horsts south of Socorro, New 
Mexico, where the actual rift ls better deflned by geophysical 
characteristics than by geomotphlc features. Based upon petrologic, 
gravity, heat now, and magnetotelluric surveys, the crust under the rift 
thins to as little as 30 km, in contrast with crustal thicknesses of 40 
to 45 km cast and west of' the rift (summarized in Baldridge et al,, 
1984) I 

Extension, leading to rift formation, began between 32 and 26 
m. y. ago, nlong a N·S·trencllng zone of weakness U1at had developed 
during late Paleozoic time (Chapin, 1979), Within the central 
segment, from Alamosa, Colot•ado to Socorro, New Mcxlco, the rift 
consists of' a NNE·tt•endlng line or en·echelon basins. 
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Fig. 1. Oenerullzed geologic mup of the ccntrul RCo Ornndc rift (From Bnldrldgc, 1979), Letters A to 0 Indicate major Pllo·Plelsloccne volcunlc nelds. White Rock Cnnyon begins ul the leltcr "B". on the north side ol' the Ccl'roB del RCo volcnnlc Oeld. 
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The Cerros del Rio volcanic field, the subject of this field trip, 
is located in one of these ert·echelon basins, the Espanola basin (Fig. 
3): this basin is 40 km by 65 km, separated from adjacent basins by 
basement ridges (Manley, 1979). The preclomlnnntly coarse-gralnec\ 
clastic sedimentary rocl<s (partly consolidated arkosic sandstones, 
siltstones, and conglomerates) or the basin are overlain by or 
intertongued wtth volcanic and volcantclastJc roclcs of the Jemez 
Mountains to the west, basaltic lavu 11ows or the Taos Plateau to the 
north 

lllhli r. 

-r."'"' 
l::lg, 2. Mup ol' While lloc:k Cunyon, rro111 Otowi l3 ridge, where N M Sttll~ l·llahwu)• 
502 cro!l~t:!l the Rto drundc, to Cochiti Luke, Sltl!ll lllscU!Ilu!d In the text urc 
keyed to gcogrupltlc: 1\UIIH!ll un the tulip, 

and the Cerros del Rto volcanlc 11eld along Jts southet•n 111nl'gh1. Mru1y 
of these secltmentru-y rockY t'eprcscnt nlluvlul l'n.n clcpostts 1't•om the 
Ptecrunbr!nn nncl Pnlco~olc highlands to the cast, not•th, nnd west 
(underlying the volcanic t•oclts or the Jcmc~ MoUlllttlt1S) (Ctwnzzn, 
1986), 
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Most of these clastic sedimentary rocks are included in the 
Santa Fe Group, which ranges in nge from ... 21 Ma to LO Ma (Hawley, 
1978: M£Lnley, 1979), Interbedded with these Santa Fe Group rocks 
are fallout tuffs, which serve well as marker beds and can be observed 
!n oLttcrops along the road fl'om Santa Fe to Espatloln. These tuffs 
have ages or 9 to 14 Ma (fission track ages) and arc probably fl•om the 
Jemez volcanic field. Total thlcl<:ncss of these sedimentary roclts is 
between 1.5 ·and 2.5 ltm, depending upon U1c model used to interpret 
the gravity data or by extending slopes measured on tl1e olc.ler rocl(S 
e"'--posed at the basin marglns (Manley, 197u). Detalled stratigraphic 
and paleontologic studies arc covered in 11 monograph by Galusha and 
'Slick (1971): later basin studlcs have buUt upon this work. 

How old is the Rio Grande and how long has it been in its 
present location along the central rift? Or!~lnatlng in central 
Colorado, this river presently connects the rift basins until the rift is 
no longer visible in west Texas (where the river forms the border be­
tween the U. s, and Mexico. lt ls known as the Rio Bravo del Norte), 
Fluvial gravels that. include lithologies derived from outside U1e basin 
to the north, unconformably ovcrlle sedimentary rocks dated at 
between 5.6 m. y. and 2.9 m. y. (Manley, 1979), The Rio Grande was 
established as a through-going river during early Pliocene time 
(Machette, 1978: Waresback, 1986). 

At approximately 36° N, near the cities of Los Alamos and 
Espanola, New Mexico, the rift is crossed by a major crustal structure. 
the Jemez lineament. This lineament is defined by a SW·NE-trending 
line of volcanic fields, from the Springerville field in N·ccntral Arizona 
to the Raton field of NE New Mexico and western Oklahoma (see 
lAVCEI field guide, Excursion SA. "Miocene to Quaternary volcanism 
and eh'tensional tectonics, central Rio Grande rift and southeastern 
Colorado Plateau, New Mextco and Art zona"), The Jemez volcanic 
field, which has formed over the last 14 m.y., is located at the 
tntersection of the Jemez lineament with the Rio Grande rlft (Smith 
et. al., 1970: Gardner et al., 1986). 

Volcanism over the zone of extension and mantle diapirism 
represented by the Rio Grande rlft shows considerable variation, from 
olivine tholelites of the Albuquerque volcanoes (visible when looking 
west from the Albuquerque alrpoi't) to basanitcs and all(all olivine 
basalts of the Cerros del Rio volcanic field (Baldridge, 1979: Aubcle, 
1978~ Duncker, 1988), The largest volume of basalt wlthln the rift ls 
in the Taos Plateau volcanic field, which consists of low-alkali 
tholeiitic rocks and interbedded intermediat'e and silicic lavas and 
tuffs (Dungan et al .• 1984). Most of the basaltic volcanism visible 
within the rift has occurred over the last 6 m.y .. although volcanism 
occurring along N-S faults on the rift margin within the Jemez vol .. 
canJc fleld dates baclt to 14 m.y .. 
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Fl~. 3. Ol!uloglc ntup ol' the Bspunoln busln, l'rol\\ Mutt ley ( 1979). While l~ock 
Cun~'OII Is loc:uletl wllltln the ttorlhWt.!!llt.!t'tt tmrllol\ ol' Hit.! CcrroH dl!l THo 
volcnnlc Ocld, north of lhc Ln 13ujudu J'null, 

\t\'hlte Rock Canuon 
Exposed ln Whlte Roclt Canyot1 ls a d1VC1'SC sequence or 

Mlocenc throLtgh Holocene rocks in which arc recorded volcanism, 
sedimentation, and c•·oslon along U1e Rfo Ornnde l'lft in the Espru'loln 
basin. Untll the Rio Cranclc began to run through this basln, this at·en 
was located on the western and souU1westct11 margins of an alluvial fan 
complex on U1r. flEU1l<s or U1c Sangre de Cristo Mountains, 

Sedimentary rocks of the Lowet• and Middle Santa li'c Ot·oup, 
overlying volclmogenlc alluvial fnn deposits (the Puye Formation) and 
Pliocene alluvium (upper Santa Fe Croup) record alternating 
aggradation and canyon cutting centered ncar the present-day White 
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Rock Canyon during late Tertlary time. 'rhls broad coalescent fan 
deposit (Santa Fe Group) extended beneath the eastern edge or what 
is now the Jemez Mountalns. The thick basin fill accumulated to a 
local elevation of over 1860 m (6100 ft): this slowly aggrading base 
level existed from at least mid·Mlocene to Pliocene time. 

By mid-Pliocene time ( .... 3 MaL southwest-trending arroyos 
(!'rom the east) and east· to southeast-trending canyons (from the 
Jemez Mountains) were deeply eroded to the level of the palco-Rio 
Grande, Many of these po.leocanyons are preserved under lavas and 
pyroclastic rocks of' the Cerros del Rio volcanoes and by the two 
members of the Bandeller Tuff, erupted at 1.4 Ma and 1.0 Ma. 
Stratigraphic relationships may be seen by hiking up slde canyons 
from White Rock Canyon. 

Table 1. Geochronology of Volcanic Events Along the Rio Grande, 
Cerros del Rio, F. T. ::: i1ssion traclt date. 

~!;vent A"e Method Hclcrcnce 
(Mn) 

Snnln t··c uroup scdtmcnLnry .. ~1- !<fAr: Hnwu~y. U:J7t:i: 
rocks 1.0 F.T. Mnnlcy, 1979 

BnsnJUc nnd nndcsJLic i:llo- l</.Al'; DcUtler (In 
volcnnlsm, Cerros del Rto 0196 inl'errc press), 
volcnnlc field cl !'rom MnnlC)'• 1976 

strnli· 
arnphy 

Puye Forrnnuon nlluvlnl .. !)-.~ 1~/Al': TUI'IJCVIIIC, cl 
fnn, wilh n source nren In tnrcrre Ill" 1EJ89 
lhc Jemez Mounln1ns d rro111 
(con~"lins lnlerbcdded lul!s sla·nll· 
from Lhe Tshlcomn arnphy 
volcanoe~. 

Bnncteucr Tufl Ll~ K./ AI' Doell CL LU11 
Upper rrschlre11,e) Member 19GB 

8nndeller Tun 1.45 l~/AJ.' Doell cl ru .. 
Lower (Olowl) Member 1968 

lJullUllln~ ofWhllc l<ock >0,15 tnrcrrc Uell111!1', Un 
Cnn~•on by slump blocks d rrom press) 

strnll· 
grnphy 

El c;:uJcLc Punuce (from u. !(j t IVAI' ::ll!lr cl nl,, 
Vn!les lnla•ncnldcrn rhyollle 0, () .. ~ 1988 
domes nnd r.mlcrs 

The prescrtt locution or U1c l'Uo Ot'ru1de did not chl111gccl much d ut•ing 
activity of the Ccr1•os del Rio voleMic flcld ( ... 3 Mt1J. Although tntu1y of' 
these lava flows ate burled by the Bttt1dt!liCJ' •rui'l'. thtH'e ru•c outct•ops h1 
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canyons nnd on h!gh ridges, ntOUI1d WhJch the Ettndcllet• 'Tuff flowed: 
bnsilltic lavas ate intersected by water wells up to 1 o km west ot' the 
Rio Grande (Dransfield nnd Otttdncr, 1985), In all or these cases, tt 
nppears ilinl lavas erupted on tl1c west side of' the canyot1 nowcd east 
nncl those on the cast flowed west. 11hc Cc1-ros del Rio vo1cnn1c 1lc1d 
covers over 800 km2, 

\VhJte Rock canyon was repeatedly clammed by lavn 11ows of' the 
Ccrros del rue volcanlc flcld, Lacustr111c sedimentary tacks have been 
mapped ln and north or Whttc Rock Cnt1yon: along the htghwny to Los 
Alamos there ls a beau tlfully exposed Java delta, whet'c tavas from a 
vent on the west stele of the valley flowed into u lnl<c with a water 
surface of at least 1860 m (61 00 feet), Similar lava deltas at'c vtstble 
ln mru1y canyons between Los Alamos Cn11yot1 and the village of' White 
Rock, 

Along the northwestern matgln or White Roelt ca.nyo11 ls a 200 
km2 volcanogenic alluvial fan (U1c Pllo·Plelstocenc Puye Formation). 
which consists of volcMogenic sed!mentnry rocl<s nnd interbedded 
tuffs derived from the dactUc and rhyolitic domes of the Tschicoma. 
Formation of the Jemez volcanJc field (Turbev!lle et al.·, 1989) (li'lg, 4). 
The intertonguing Totavi FortlUttlon (Totavi Lentil of Griggs, 1964·) 
includes the earliest dated deposits of the ancestral ruo Grande in 
northern New Mexico (4-4.5 Ma: Waresback, 1986), "rhe river does 
not nppeot to have changed course considet•ably since before mid· 
Pleistocene time, when the growing Puye alluVial fan may have pushed 
the river several km east of its pt•esent posltlon (Wru·csback, 1986), 
Deposition or this alluvial fan was contemporaneous with basaltic 
volcanism, as basaltic ash layers arc interbedded with the volcanogenic 
clastic rocks. 

~ BANDELIER TUFF 

• 
CERROS DEL RIO 

BASALT 

0 TSCHICOMA FM. 

~ PUYE FORMATION (!i CHA~g~MA 1'10N 

8] TOiAVI FORMATION C3J TES~~~tATION 
D ANCHA FORMATION 

Fig. 4. Schemutlc cross·scctlon or the Pujurlto Plutcnu or lht: eastern Jemez 
Mountulns volcunlc field, the cunyon of' the Rfo Orunc.Jc, und Ccrros del Rro, 
showing Ute relutlonshlps between the Puye ulluvlul fun (derived !'rom the 
lntcrmcdintt: volcunlc rocks ol' the Tschlcomtt FornHLllan), HcdlmcnLur~ rocks 
of the StuHu Fe Oroup (Including uncestrnl river dcposlts-Totuvl Formutlon, nH 
well us Tesuque, Chnmltn, und Anchu Formutlons), nnd the busnltlc rocks or thl! 
Ccrros del Rro (!'rom Turbt:vlllc ct ul., 1989), 
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The upper portions of White Rock Canyon arc flanked by slump blocks 
(toreva blocks). which appear to have been stable since at least mid· 
Pleistocene time (Bandelier Tuff is part of some or U1e slide blocks but 
tl1e blocks arc overlain by 150 1\n El Cajete pumice, U1at has not been 
dislocated). Most of these blocks consist of basaltic lava news that 
overlie rift sedimentary t•oclts. 

Before about 2 Ma, the Rio Orande appears to have flowed at ~U1 
elevation of less than 1834 m (6020 feet), Ftcld relations demonstrate 
that the upper part of' White Roclc Canyon was at least 76 m (250 feet) 
deep at U1at tlmc. Before eruptJon of the lowe1· member of the 
Bandelier Tuff (1.45 Mn}, side canyons west oi' l:he Rio Oranclc (souti1 
of Water Canyon) hnd been JncJsed Jnto baanlt flows to a depth of at 
least 150 m (500 reet,l. Whltc Rock Canyon was ptobubly cut into 
landslide debt•ts to an clevntion or 1768 m (5800 feet). 

Since eruption of the ttppet• member oi' the Bnndeller ~ruff, 
White Rock Canyon has bce11 deepened by about 122 m (400 feet). 
Elsewhere in the Espm,ola Basin, rapid incision of the 1'iVc1' occurred 
dut·tng mlcl·Plclstocenc time, probably ll1 rcspo11Se to cl1111lltic chnnge 
and to complex t•egionnl geomorphic fhctot•s, such l1S ( 1) fntcgt•utlot1 
with u through-nowtng "Lowct• Rlo Ornnclc" system, u11d (2) upstrccun 
enlargement of' the hcndwatet• ru•cne to it1clucle the Setn LUlf:i Valley 
reglo11 of Co1orndo. Soll dcvclopmcmt 111 the canyon suppot•ts the 
cltmaUc hypothesis, but stream terrace l'emnnnts aJ'c snutll. 1~he 
highest nuvlttl tcrro.cc pt•cscrvccl ln this ~u·cn is t1bout 46 tn above the 
Rio Crnndc and is older thnn 150 l<n. 

I·n'DROJ .. OOY OF' Wl-lrrE Rocg CANYON AND EF'li1J:CttS ON JJ;RUJYrJON 
PROCESSES 

The Santa Fe Oroup clastic scclimct1tary rocks Utlcledying the 
Cetros del Rto volcanic field nrc gcncr~tlly constclet•ed to be u stn~lc 
hydrologic unit ru1d part oi' the "tesuque nqulf'ct• system (Hcru't'lc, 198o: 
Coons and l<clly, 1984)). Ylclcls ot 2725 tn3/clny (500 gpm) have been 
reported from thls aqulfcr, Ccncra.l now la l'rotn t'cchttrge ttt'cns nl the 
bnsc ol' the Snngt•c de Crtslo MoUtltllJrts townrcl the west tmd the l~(o 
Ot•anclc, 'l'hlckncss or lhc Snntu trc dt~oup ttncl the ttqull'cr is t·tol 
known, 

Under the Ccrt·os del Rto volcnnlc rtelcl, the watet• table slopes 
ft•om an clcvauon or 1798 t1l to 1768 n1 (5900 l'ecl to 5800 feet) t'tlot'l~ 
the et'oded mnt•gtns oi' U1c field down to 1676-1615 111 (51500-5300 
feet). where the aquif'ct• reaches the surface at the Rto 0t'ru1dc (Borton, 
1968). During the last 2 m.y .. the level of' this nqutfet• was possibly 
150-175 m {492-575 feet) highel', clcpcrtclln~ upol1 the depth or 
et'osion since then. Aquifer levels wct•c between 90 ~111d 275 111 (300 
feet and 900 feet) below the bnse ol' lnvn 11ows tu1cl cones that make up 
most of the field. 

Vents of the Cct•t•os del Rio locntccl closest to the Rio 014W1clc 
arc maru' Volcanoes (Flg, 5), 1-Iavi11g erupted clut•lng the pet•lod of' w2,15 
Ma to ..-1,5 Ma, these were ct•uptcd nt n time whe11 the level or the Rfo 
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Grande (and the aquifer) was at an elevation of 1768 m (6800 feet), 
Bases of the northernmost maar volcanoes, located along northern 
\Vhite Rock Canyon, are at an elevation of about1768 m (5800 feet): 
maars farther clown White Rock Canyon are 30 to 60 m lower, but so 
was the river. Othet' vents, located at elevations over 100 m higher 
than those of the tuff rings (also farther from the WlCestral river), ate 
all composed of cinder cones, spatter cones, and associated lava flows. 

All or the eruptions within the Cerros del Rio volcanic field, 
occurring where the aquifer was shallow (nearly at the surface), were 
phreatomagmatic (hydrovolcanlc). Vents reaching surfaces 100 m or 
more above the water table formed cinder or spatter cones with little 
or no evidence of magma/water interaction. An excellent c."(ample of 
this effect can be seen by walking up Frijoles Canyon {a side canyon 
trending NNW from the Rio Grande). Basaltlc volcanoes are e""-posed 
along this and adjacent canyons. Maar volcanoes are visible from 
elevations of -1675 m (5500 feet) to 1706 m (5600 feet). From el­
evations of -1800 m (5900 feet) and up, there are cinder cones. The 
elevation effect is also visible in the larger maars, where the craters 
are filled with scoria and lavas. 
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Fig, 5, Sketch geologic ntllp or the CerroH del Rto \'olc:tmlc l'lt!ld, showlttg lht! 
locution of' known \'1!1\l!l, lltciUdlni: hydtot!lnHllc V~ltl!l (luf'r rlttgs), t!llldl!r 
COilC!h untl sputter C:Oili!S, Mllp hll!l been 111oclll1ed rrotn Kelley ( 197B), 

GUIDE TO WfilTE ROCI\ CANYON 

Reachtng the head of Wltlte Rock Canyon (Fif). 6) 

All of White Rock Cttnyot1 ls ttcccsYible by foot, ulthough much 
of lt requires rigorous hiking und u little sct•umbllng, The hcud of' the 
Cunyon, ut the lnterscctlon ot' Hlghwuy SOl und the Rto Orundc (Otowi 
Bridge). is on lund belonging to Sun IlderotHio 1'ueblo: you mo»l 
obtnln permission from the Pueblo before eutcrlng the cnltyon ttl thlH 
point. 'rhc most et'rectlve wuy at Heell1g the cu11yon is by bout, 
entering clthel' from Otowi Bridge (pcl'mll required) ot• !'rom 
Buckmun Crossing, which cun be reuchcd front Suntu Fe. tr you t'lout, 
plun on ut lel\st one very long duy. or perhups two dttyY, cu111plng In 
the cunyon. 

ErtterlncJ from the North, '!'he easiest way oi' rench1t1g thl!:! 
canyon is to drive north or Santa Fe nlong Highway 85/285 untJl you 
reach Highway 501. tur11lng west towru•cl Los A1ttnios ( lo miles t'rom 
the 1ntcrsectlon or Alamo Drive and St. Francis Drive at the northctn 
end of Santa Fe), Most ol' the sedimentary units along this drive ru•c 
arltoslc sandstone, siltstone, and conglotnel'ette of the ·resuque For .. 
matlon or the Santa Fe Ct•oup. 1'ype scctlo11EI or U1ls formation nrc 
e>..-posed ln arroyos below U1e Santa Fe Ope1'11, 

'fravel west along Highway 501 to Otowi Bridge on the Rio 
Otandc (7 miles), lf you enter U1e l'lvcr and canyon hel'e, you must 
acquire a permit from the ol'flces of San lldef'onso Pueblo (f'ce 
required), Even if you do not enter the canyon here, thet•c is n great 
view from the highway of La Meaita maar, cllscussecl below. 

Enterlog from the EastL 'fruvel north or Santa Fe (1.3 miles 
past the traffic Hght at St. Francis Drive nnd Alamo Drive) to the La 
Tierra Road (left oft' of Highway 85·285), ~rake this paved road clue 
west for about 5 miles until it becomes a gravel road (be careful during 
the summer, for nash floods can inundate this road), This becomes 
Buckman Road, which ends at Buckman crossing on the Rio Grande, 

The road continues WNW, following the old Chilt Line railroad 
grade, through Santa Fe Croup sedimentary roclts until reaching the 
base of an escarpment formed by lavas or the Cerros del Rio volcanic 
field. which overUe the sedimentary rocks. At this point, the road 
turns north and continues along Canada Ancha, at the base of the 
escarpment, for 6 miles until it reaches the Rio Grande at Buckman 
crossing. This 1s an excellent place to begin your trip down White 
Rock Canyon. It is also the location of two of the best exposed maar 
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volcanoes along the canyon: La Mesita to the north of Buckman 
crossing and the maar of Caja del Rio, south of the crossing. 

Eotedng from the West. White Rock Canyon can be reached by 
foot from the western side of the Rio Grande in several places from 
State Highway 502: 

. Whtte Rock. Trails from the village of White Rock. Ask for 
thelr. location at businesses within the village or at Overlook Park. 
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Fig. 6, Acces!l to While Ruck Cunyon! ( 1) vlu NM Stnte Hlghwuy 50 l to Otowi 
Bridge, (2) grnvel untl dlrl rands from Sur\lu Fe ucroH!I the CerroN del Rto 1111tl to 
Buckmun cro!lslng, (3) rrom Cochiti Dum, untl (4) trnlls l'rom While Rock 
vllluge nnd Bundeller Nutlonul MonUtnl~llt. 

Between While. Roclc and Bandelier Na.tlcma.l Monument. ·rraUa cast of Highway 502, belwecn the vlllagc of White Rock and Bandcllet• 
National Monumc11t. The most accessible of' these trnlls is the one to 
Ancho Rapids. Trallhcacls are vlslblc on the left (east) side of' the 
highway (golng toward BandcHcr) as dirt ronda wlth gates. 

Bandelier National Monument. The many trails ht the Bandc· 
Her Nntlonnl Monument W!ldctncss AJ•ea. ~the easiest trail to the Rio 
Grande is thnt along Frijoles C~tnyo11, below the Monun1ettt 
headquarters (the li'a.Hs 1"t•o.l1), which wlll tnlte you through several 
maat volcanoes !n ctoss section. 1•hc geology along the P'a.lls 1"ra11 is 
described lnter in this guide, In rcvet•sc, stnttlng ut the river. Other 
trails, including the one to Capul111 Canyon, will require a vetj' long day 
or camping overnight. 
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LA Mestta MCLctt' 
Introcluctton, La Mesltn maar is the 11orthernmost of U1e 70 

volcanoes oi' the Cert'OS clel Rto volcanic flelcl, lt is one or the best 
e>.."Posecl maars in the volcanlc field nnd is visible ft•om State Hlghway 
502 at Otowi Bridge, The souU1ern end of this volcano can be reached 
from Buckman crossing on the Rio Orancle: to visit the northern half 
requires pcrmtsston from San Ildefonso Pueblo, 1'he purpose hetc ls 
to describe the role of water in the development oi' La Mcstta maar, us 
determined from detailed examination of the bedded deposits, 

GJI U!IAI. f I'I.OW!I 

~ IAIAI.TIC IC:CIIIA 

UliE ~'I'ALOCI.ASTITU 
·~} + IEDOIHO ATTIYUOU 

Fig. 7. Geologic sketch mnp of Lu Mesltu muur. The northern end of' this muur 
ls cuslly s~:cn from the Otowl Bridge on Hlghwuy 502, 

Strattgraphy 
La Mesita maar (Fig. 7) originally had a wide crater,· but it is 

now filled with basaltic ash, scoria, and agglutinate from Strombolian 
eruptions. The maar rim beds that lie beneath the Strombolian fallout 
tephra make up the rim of the original maar volcano, They ru·e about 
100 m thlclt and are composed of· fragments derived from hy· 
droclastic eruption processes, as will be shown in a later section. The 
stratigraphic sequence, from maar rim beds to crater·filllng scoria, is 
now exposed in cllffs for about 3 km along the course of the Rio 
Grande. 
Descrtptton. of Beds 
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Paired Coarse·Flne Bed Sets, The rim beds or Ln Mesita maar 
are composed of a repetitive sequence of bedding sets consisting or 
coarse layers overlain by fine layers, with contacts being sharp to 
broadly transtt1onaJ on a centimeter scale. 'rhc thickness ratio of 
coarse· to nnc·gralncd layers varies greatly but averages about 1:1. 
The coarse-grained layers contaln fra~ntcnts iliat range from coarse 
ash to medium lnpllll ( ... 3 to 10 mm). 'rhc cow·sc-gt•aJncd layct•s grade 
from those lacking Cine particles (< ash sl~e) wtth 1111 opcn·wot'l~ 
texi:ure to U1ose with aflnc-gtalncd mattix, 

The coa.rse·gratned layers with clast·suppot•tcd texture nt•c 
considered to be depleted ln l'lnc partlclcs, whtch occurred by 
processes of clutrtntton wlthJn ascending ct•uptlon columns or 
pyroclastic surges. The more poorly sot•tcd conrsc·gt•nlncd loyct•s nt•c 
bellevecl to have also formed by one 01' the othct• or the two pt•occsses 
but with sorting processes not reaching completion. 

The ftne·gralned layc~s wtthln single pult'ed sets mny have 
been derived by ~epnratton from the coarser dcbt•ts, However, mnny oi' 
the t'inc layers contain coarsct• clasts n11cl uppent• 11ot to hove 
undergone uny sorting proccs~. 

Some or the rim beds contain beddtng .. plnnc sngs, wavy Ut1lts, 
and cross·beclclcd units. Most of the layers, however, nt•c pltU1c beets 
commonly with lnvct•sc gt•ading. 

\Vithln mnny ol' the course .. or fine·gt•utnecl beds thct•e t1t'C 
llU111nntions or coru•scl'· or 11ncl'·l!tnlncd nsh but without shru•p bcclclt11g 
planes (Figs. 8, 9), For example, ln. so111c ol' U1c coru•sc-gralt1ccl peels 
thct•e ts a faint lnycring thnt is mnnUcstcd only by light clusU11g ol f111e 
ash ltlong u het•lzonto.l plru1c. 111 some ol' the 11t1er·grtl.1ned beds utc 
llncs of sUghtly coru'SCI' nsh gt•n.lns, of 0111:! to seVci'Ul JZt'lU11 Widths, that 
arc imbedded ln U1c silt·slzcd mnlct'ittL .. rhc nsh ln these ltunlnnttons 
may il1creasc or decrease up or cloWt1 ln the lnyct• to pt•oducc Sltmll .. 
scale gl'ndcd bedding, The lnminaUons wlthln the sectlo11 tlt La 
Mcsita commonly show vctoy subtle low .. ru,glc cro1:1a bedding t111cl 
lcnt1cu1ar1ty, 

Each co~u·sc·flne bedding set tn the La Mesltn nttu1r rf111 bt!ds is 
considered to be the tcsult of un cruptJvc pulse, with tepht•a beJng 
clcposltccl by fallout or by flowage pt'OCCE:ISCS, .,rhe initial l1!:1SCSS111C11l of 
whether beds nt'e emplaced by l1owoge ot• by f'ullout pt•occsscD Is bused 
upon ccrta.1n bedding ct•ttet•Jn. lf fntct•nnJ lttnllmttlons show aubUc 
cross bedding, the bedding set is lntct-pt•etccl to huve been emplaced 
by nowngc, Coru·se-gnlined layers Uutt lack beclcllt1g .. plru1e sugs nt thch· 
bases and show lnvct·sc grueling are also il1tct•prctcd to hnvc bccm 
emplaced by flowage processes. Anothct' crttct•lon oJ' 11owngc 
emplacement 1s the 
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Fig.' 8, ·Bedding sets within the 
Ln Mcslln muur dcpo!llts. 

•Up C 
within Ln McsiLn munr deposits, 

Bedding sets nrc n few em thick. 

sharply defined basal unconformity where the upper beds. have erode·d 
underlying beds, resulting in cross-cutting relationships. Erosion by · 
surges is also indicated by the mixing of two layers at their contact or 
the presence of material from the underlying layer in the overlying 
layer .. 

. Evidence for deposition by fallout includes: (1) Fragments at 
the base . of a layer that distort the underlying layers (impact). (2) 
layers and laminations that drape smoothly over minor· roughness 
elements of the underlying layer, (3) internal laminations that are 
parallel and are not associated with: lenticular layers or other angular 
elements. and (4) relatively good sorting, 

The explanation for why bedding pairs begin with a coarse· 
grained layer and end with a fine-grained layer depend upon whether 
the bed is believed to be of flow or fallout origin, Fallout beds witl1 
inverse grading can be interpreted in terms of eruptive energy: 
eruptions. with progressively larger kinetic energy, expelllng larger 
clasts as the eruption progresses (Wohletz and Sheridan, 1983), 
Normal grading can form during energetic eruptions, with the finest 
material elutriated from the e1'upt1on column, falling after the 
eruption phase, . 

· Beds· emplaced by flowage also show a progression from coarse 
to flne-gra!ned tephra, but for a different reason. .coarse-grained ba.sal 
units· may Jorm from the head of a passing surge, which 1s followed by 
the finer-grained ond more poorly sorted body of the sut·ge (Fisher, et · 
al .. 1984, 1986), Because most of the beds have been assessed as 
emplaced by 11owage at La Meslta maar,. the following discussion 
assumes flow emplacement unless otherwise stated, 

Description of the Eruption Sequence. 
The stratlgraphlc sequence at La Mcsita maar ls about 100 m 

thl~k. but complete sections could not be measured tn any single 
locallty, The upper portions or the sequence are well-preserved on 
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the uph111 side of a dike, whcteas the lowermost part or the sccjuence 
Is exposed ln a large, dissected slide block, 400 tn cast of nt1 elcvnt1oa1 
of 5487 feet along the Rio Ornndc (4 ktn downstt•cwn f't•om the Otowi 
Bridge). 

Th~rc ure subtle colot• dH'f'et•cnccs within the turi' beds, whloh 
reflect changes ln clast compositions. Pink hues chnructcrJ~e beds 
conhtining nbundnnt snnd· at1d sllt~sizcdmatet•lnl from the Ut1cler1yJng 
1''esuctuc Formation. Yellowish hues I.U'e derived f'rom palngonttl~ca 
vesicular baso.ltJc pumice fragments, Blulsh·ga•ay (medium gray) hues 
are typical of deposits cotttlllning nbundattt n.ngulat ot• subnttgulnr accessory to juvenile pyroclttsts or hyclroclnstlc (pht•eatomagmat1c) 
origin, Dark gray and blucl< deposits arc mostly quat·~ xcmocryst .. 
bearing tachylltlc scoria of StJ•omboHntt ortgtn, 

Beglnnlng at the base, the first half meter of sectlo11 ls 
dominantly pink to medium grl1y, changing to ycllowlsh .. gtny ovet• the 
next 3 to 4 m, and pink and gray for t11c next 20 to 30 111 or 111 .. 
terbeclded fJne-gt•aJncd w1d coatsc~gralnecl lnyct•s, 1•111s sequet1cc 
contains abundant lithic <rlasts (sand grains) derived f'rom the 
underlying sandstones: these arc pt•oga•csstvely dlluted upwurd wlth 
abundant juvenile hydroclastic particles, ~rhc uppermost sequcrtce Js 
mostly pink ~mel contains n much htghct• pc1'cc11tagc or uccidcntal 
lithic clasts, 

2 

6'~ 

1 

.. , -2. ·1 ~J.~ 1 :l. 3 

Fig. 10. Sorllng (a 111 ) vs, Mcdlnn Dlnmetcr (Md~) plot for h)'drocl.usLlu 
(phrculomugmutlc) surge depO!Jil!l und !ICOrlu rnll dcpo!tlt!l of the Ln McHlln 
muur. 

Petrology and granulometry of the seC}ttence. 
Eleven samples of La Mesita tephra were sieved and 

characterized by scanning electron microscopy (SEM), In general 
samples are finer gralned 1n the middle of the eruption sequence and 
coarser grained near the base and top: the strongest hydroclastlc 
fragmentation occurred mtdway through the eruption. Figure 10 
distinguishes scoria from hydroclastlc tephra on a sorting-median 
diameter plot, which also shows relative fields of fallout and pyroclas· 
t!c surge bed forms. Histograms of size frequency show a distinct 
polymodality for most samples, a feature typical or many tephra 
samples in general. 

WhiLe Rock C1tnyon l/26t-J3 16 

,, 

I' . ' 

i: ., .. 
, 

i<'· 
'" io •'' '··, i·.j 

,. 
,I 

I .' 



Clast shapes, as revealed by SEM. show several general trends: 
(1) l!thJc clasts of the 1"esuque Formation are subangular to 
subrounded quartz and feldspar grains and aggregates of mudstone: 
(2) juvenile clasts larger than 0.5 mm arc dominantly scortaccous 
while smallt!r graJns consist of angular blocks and plates: (3) variable 
df'!grec of palagonitization has produced hydration cracks and rinds 
that separate from glassy clasts: (4) some samples contain numerous 
spherical clasts with median sizes of about 2.5 phi (0, 175 mm)-somc 
of these appear to be alteration products, while most appear to be 
juvenile: (5} aggregation of fine ash ls common: (6) the scoria show 
fused su1·faces, whereas hydroclastic shards have very i1·regular 
surfaces with abundant coatings of alteration products. The presence 
of spherical ash suggests some relatively fluid magma fragmented by 
hydrodynamic 1nstab111Ucs. However. the hydroclasttc ash is 
dominantly angulru·, having been derived ft•om brJttle breah:agc ol' pre· 
vesiculated magma. 

Conclusions Regarding tile Orlglrt of La Meslta Maar 

;rhe hyclroclnst1c tephra or the rim beds has ubundnnt fine· 
grntned clasts typical of hyclroclastic eruptions, Expel'iments with 
water anc.l thermlte melt lo simulate wntet• magma-lntet•nctlona 
Indicate tl'mt explosive efflcicncy Ia stl'ongty contl'olled by water-melt 
mass ratios at1cl by confining pressure, Explosive cf'ficir.mcy is n 
percentage or mcchnnlcu.l to thet·mu1 et1c1'gy, which is nt Its mu.xtmum 
when water·melt rt1Uos at•c between 0,3 and 1.0 (Wohlct~ and 
Sheridan, 1983), '!'he cfflclcncy ol' ft•agmcntution lnct•eaaes with 
explosive energy and the dcgt•ce or walet• supcl'hentlng. 

One Important mensut·c of' explosive e11ergy and watct··melt 
ratios i!:l the umount or llne»tu·ntned ash 111 pytoclnstlc deposits (11 IrJt1C» 
gt•nlncd" is < 62.5 ~lml. '1'hc inct'tmscd melt aurf'E\Ce LWen cnusecl by 
cl'l'lclcnt l'rngmcntullon pt•omotca highly cl'l'lclcnl ht:!nL exchttngc 
bclwcc11 wntca• und mctL Mot•c ~JltlS!-1 1!:1 pt•oclur!ctl bccnutle the J11.1l'!:lclw:1 
W'c rapidly chilled. · 

Ftgurc 11 (fl•om Wohlt!~ unci McQueen, 1984) shows 0111~ or the 
models that cru1 be used to lt1lct•pt•ct our dnllt ft•otn La Mesttu t11tut14

, As 
ts shown f'ot· the model. t•lsltig mugmtl ct1countct•a t1elu• .. sul'lhcc gt•ouncl 
water: wntet• Is vnpot·i~cd ltt1cl mttgmu nnct bnscn1et1t l'oclul ru•e 
ft•actured ~mel frugmcmtccL l"~'ragmet1LS i't40l11 thi~ lev~! o!' 111tll;tl11U·Wtllct• 
lnteracl!ott ure composed or chilled jUVl!t11le p~'t'oclusta ltl1d llthl!.! 
clasts. 

Ji"igu••c 12 shows the vtu·lublc!:l thut cut1 be used to t•clutc the 
deposits to the model show11 in P'lg, 11, ·rhc volume o!' t'lt1C»f~t'lth1cd 
glassy pytoclnsts Jn IJ1c deposits Js n l11CUSU1'C of the tll110Unt of \Vtttcr 1!1 
the system. ·rhc tU11ount ol' lithic t!lusta (t't•om t•oclts Ut1dcrl~1 lng the 
volcano) rcllccl the si~c, pcrmcubillty, nnd volume of w~ttcr withll1 the 
aqult'ct• that comes into contact wlth mngmn Itt the vcmL Volcanic 
Hthlc clasts (ct)'Stnlllnc) m•c tt 111casut•e ol• the 111agmn/wntet• ratJo 111 
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the system. Using these three parameters, we can define four fields, 
based upon clast components in hydroclastJc deposits (14'lg, 13), 

Preliminary estimates suggest that in the lowe1· part of the La 
Mcsita maar. the fields move from C to D (high magma input and low 
to hlgh volumes of water. Higher in the deposits, the fields alternate 
between A and B, which suggests enlargement of the vent nrea 
(increasing basement lithic clasts) and less magma input r(!lativc to 
the volume of available water. 

Fig. II. Model of' hydroclustlc (phreulomugmutlc) eruption (l'rom Wohlelz und 
McQueen, 1984): explosive mugmn/wntcr lntcrnctlons nrc occurring within 11 
:~hullow uqul fer, 

R.A.TE .A.NOIOA VOLUMtt 
MAOMA 

~ 
~ 

LOW t-IIOH 
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~ VL low VL abund, 
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0 low 0 tow 

c 
~ 
~ ~ a~ lo•m VL ' abund. 
~ 

~ 
x Dl. hlqhU 

0 tlbUfld. 
a: VL• Volconlo Ulhlct 

Bl.• Oaum•nl Uthlot 
O• Glatt 

Dt. low 
0 Oblllld, 

Fig. 12, Yurlnblcs thnl cun be U!lt:d 
to rclutc llliUir dcroslts to the model 
shown In Fig. 11. 
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ln the lower hnlf of U1c Lo. Mesltu deposits the lnyers occur ll!:l 
bcdcHng sets, each cons1stit1g or a cont•ac·gt•nit1cd base und nne· 
gtalned top: We consldcl' ettch bedding ~ct to rcptcsc11t ll slt1glc 
explosion ot the eruption (sec Fishet• c111d- Schminckc, 1984, p, 348): 
explosions progress rrom low to high cfl'lcltmcy whet'!.! some wntet• 
entered the vent, tt•lggcrlt1g the eruption and lhtcLut•lng t•oclta 
adjacent to the vent. SubsecjucnUy, mote wutet moves Into the tu•co of' 
rising mngma, \Ve vlsuu.Uze a rapid, pt•ogt•ussive bulldup or rcltmsed 
cnetgy, htghei' eruption columns with associated surges, and gt'elttct• 
production of flne·graJtlcd ash, 

Ncru• the top of the tncLnt deposits Ht:htc clnsts J't'ol11 bnacmct1t 
rock exceed those dct•tvcd from the vct1t, but thct'e nt•e l:ltlll 
alternation between coarse· uncl f'tnc-gratnccl (ttncl glassy) hydroclustlc 
tcpht•a, Thus, U1csc bedding Bets nt•c sUll chw·actct•lsUc of' U1c snme 
transport nncl dcpos1Uonn1 style, but cnlm•gcmcmt ol' the vc11t t'C!:iUltl:i 111 
o. greater pt•oportlon of' basement lithic clasts, With cot1t1nuecl 
eruptive activity at1cl construcUon of' u volcunlc turr ring or cot1c, U1c 
hydrovolcm~Jc actJv1ty ccnscs, followed by mngmnt!c, Stt•ombollOJl 
eruptions. One hypothesis explnlt1lng U1cac chntlgcs Is that t't•actut•cs 
nrc closed by chilled magma nlo11g dlltc mut•gins tts the vent Is 
enlarged, closlng on· ln11ow or gt•outtd wutcr, · 

Another hypothesis fs thnt vesicle gt•owth gives hlghct' surfncc 
rucu within t'lslng magmu, which pt'otnotcs cfnclent 11ttcrnctton with 
uxtcrnnl water, Hydt•ovolcnnlsm Is ubscmt whct'e pyt•oclnsttc sections 
arc gt·catcr thnt1 100 m thlclt, Vesicle growth 111 mtU1Y bnsalUc rnna· 
mas typically occur at dcpU1s or< 100 111 !Hclltctt, 1 971), 1t Is possible 
that Ute conduit pressure lnct·cnsccl us Ute tun· ring grew to U1e point 
l1t which vcslculaUon wus lttadcquatc to pl'Ot11otc httet•uctlott with 
ground water at depths > 100 J11 Ltnd the eruption ended with 
strombollnn activity and 111llng of' U1e cr•ntet• wiU1 alttvu lttltc. 

Buclcman Mcwr 

An ovo.l, 1 x. 1.2 km, 150-m·hlgh mc1m, loca.ted u.lo11g U1e Cajn 
clcl Rio, 2.2 km SE ot' Bucl(mnt1 ct•osslng, Buckman mmu· (UI1ot'f'lclnl 
name) is an eroded maar topped with deposit~ of scorln tU1d bombs 
and a basaltic lava now, The summll is most cusily appt•ottchecl ft•om 
the cast along u trnil t'rom Buckman Road, · 

The general stratigraphlc sequence eonslst1:1 of' massive, blockM 
bearing hynlotuff, overlain by well·bcddcd orunglsh·brown hyalotuft' 
{mostly plane beds). lntct·bcddcd with the well·bcdded tul'f's at•c 
blocks of pink, fineMgraincd sandstone, up to 30 m long. Dlltes cut the 
tuff sequence und were fccdcl'S for the lava lake and !lows ovct•lylng 
the maar. A lava now capping the mesa south of this maru· has ~111 age 
of 2.3±0.1 Mn. 
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Begtnntng of Float Trtp (distances 
crossLngJ 

0,0·8.0 km 

are measured ]rom Buckman 

Buckman Crossing to the mouth of Water Canyon (west). This 
is the widest section of White Rock Canyon (2 km to 2.4 km wlde) ru1d 
characterized by large slump blocks on both sides of the river. 
Capping the slumps next to the river (E side at km 0, 1) are slack· 
water deposits, 35 m thick, that record damming of the river 
sometime before 150 Ka. 

Fig, 14, Strullgruphtc Hcctlon, Mortundud Cunyon (weNl Mid~ ol' Lhe river: 
clcvnLiou!l In l'ccl), 

Mortandad Canyon (west stele, 1 ltm south of the cross1t1g), is 
little mocllfled by slumping tuuJ contalns a wcll .. exposed sectlor1 or 
rocks lyplcnl of White ·Roclt Canyon (Flg, 14), 1•hts sectiot1 lncludes 
76 m of sandstones and conglon1crutes, which ate intertongued Sunta 
Fe Orottp sccllmcnttu-y rocks (metamorphic and plutonic provenance) 
and Puye rrormatlon (volcanic provcnru1ccl. and a11ccstrnl Rfo Ot•ttt1clc 
deposits tTotavl Formation of Waresback, 1986), 
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Ovedying this ate 140 m of lavas of U1e Cettos det Rto wlth 
some lntcrbecldcd t'lvcr grnvclu, The lowet• third consists of busultlc 
andesite f1ows tt.nd sot11e scot•ta, the middle third ts n laVll delta, 
consisting or lnterbedclcd palagonltized hya.loclast!les and pillow lo.vns 
(U1c foresct beds of the IF.\Va delta incllcntc now fl•om west to cm~tl: 
these appear to have flowed into one or the lnkes fo11ncd by dru111111ng 
of the Rio c,rande by 1nvn flows ot• slumps, The uppct• thltd or the 
basalt section is a mttsslve olivine basalt flow with well·clevclopccl 
columnnt Jointing nmtr the l1ow top, which has a l<·Ar age of' 1.8±0.1 
Ma. 

The sect!o11 is overlain by members of the Bandelier "ruff, 
tncludtng the auajc pumlce t'nll and dlstnl Otowi (lowet•) Member ( 1 A· 
Ma) and 1·shiregc (upper) Membel' (1.0 Ma). Paleovalleys and 
paleocanyons cut into the Ccrros del R!o basalts. west oi' the ruo 
Grande. are partly filled with Bandcller Tuff: most or the canyons seen 
today arc resurrected palcocanyons. 

North End oJ Sagebrush F'lats (Immediately south of the 
crossing. east slde of the rluer). ·rhe rldgc lmmcdiutely south at' 
Buckman Crossing is moclli'ied by slumping, but a scctJon oi about 140 
m can be pieced together. lt conslsts mostly of' intertongued sand· 
stones and conglomerates ot' both the Santa Fe Group and Puye Forma· 
tlon. This ls the only location in l:11e canyon where the Puye Fot1na.Uon 
crops out east of the Rfo Grande. Ollvlne basalt flows are exposed in 
the middle and top or the section (Fig. 15). 
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Fig. 15. Strutlgrnphlc section, north end of Sugebrush Fltus (cust side or the 
river: clcvntlons In !'eel), 
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Southwest Sagebrush Flats (6 km south of the crosslng, east 
stele of the rluer), Thirty m or interbedded sunclstones, cindets, nrld 
phrentomagmatic tuffs are exposed bt!low the base or a paleocnnyon 
that is partly filled wlth 100 m of' the Tshlrege (upper) Member 
ignimbrite of the Bandelier 1·urr [Flg. 16), ~rhis is one of only U1ree 
or four places ln the canyon where Bandelier Tuff lgnimbrltcs arc 
preserved on the cnnyon1s east side. 

Chino Mesa and Montoso maar (7,9 km south oj' the ct•osslng, 
east slde of the rluer), Most of the 210 m of sccUon exposed here 
consists or interbedded phrcntomagmaUc tuf'fs, thin basalt flows and 
an andesite now (li'tg. 17). 'l'hc nndesltc of Montoso Pcnk ls exposed 
along the Canyon for nearly 10 krn~ and mny huve been n mujor unit t'e• 
spon~ible f'ot one ot' the episodes ot' dtunming the RJo Ora.ndc. 

The Montoso manr ts locut.cd ln a side canyon (east sldc or 
rlverL 2,3 ltm due north of' Montoso Pen!t. Aubcle (1978, 1979) 
lnterpt'ets Utis as 
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rig. 16, Strntl~rllj1hl~: Hl!t!tlon~ 
southwest ct1cl or Sngl!btu!lh t:rlulM 
(CU!Il !!Ide or thl.! river: clcvntiOII!I In fct!t). 

r:tg, 17. Strullgruphlc !H!Cllon, nurthcn~t 
Chltlo MI!Nll t!ll!ll side or the! rlv~:r: cii!\'UtlonY In reel). 
Thl!l scetlon 111 rcprc!lclltntl\•c or the Ntrntlttrnplt)• nl' the 
Cerro!! dt.d R(o, 

the dissected throat or a collapsed maar. ·rhe amphlthclttct' .. !:illltpccl, 
inward dipping tut'f' beds ot' these phl'cntomugmaUc clcposJts ovct•llc 
well·Ch'Posccl talus deposits Lmd show no cvtdct1ce or collltpsc. lt ls 
possible that thls mm1r was erupted in u pnleocnnyon, canting the walls 
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of the canyon with sticky surge and fall deposits, which extended 
beyond the edge of this paleocanyon and out onto the lava plateau. On 
the plateau, these deposits are overlain by later lava 11ows, The 
canyon-filling tuff deposits were later cut by dikes feeding younge1· lava 
news. 

Chino Mesa, Montoso Peak and the Montoso maar may also be 
reached vla U, S. Forest Service and powerline roads across the 
central Cerros del Rio, 1'hese roads sl'lould be tackled only with 
vehicles having high clearance and passengers with tough kidneys (see 
fleld trip guide SA, Day 6, Stop 2). 

Chaqueh£ and Frijoles Ca.nyons (west side of the Rluer, 12.7 lcm 
south of Buckman crossing). While floating down the river between 
these two canyons, notice the interplay between the ancestral Rio 
Grande and volcanic activity, exemplified by deposits that are well· 
e}..-posed In the western canyon walls. There are several maar volca· 
noes, each 2 to 3 km in diameter (reconstruction): their distal surge 
deposits are visible, interbedded with thin tholeUtic basalt flows, many 
of which are overflow from crater lava lakes wlthln the maar craters 
(Fig, 18), These maars arid lavas were cut by drainages from the 
Jemez volcanic fteld, which in tum were filled by the thick a.ndesltlc 
lavas from the Cerros del Rio field, cut agaln by streams in resur· 
rected canyons, partly buried by canyon·fllling ignimbrites of the BanM 
deUer Tuff, then cut aga1n by streams to form the canyons visible 
today. 
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FIM. I H. Strutlgrut>hlc scc:llou, lmtuedlutel)' HOUth ol' Chuquehul Cnn~•un (We! HI !!Ide of the river: dcvullons In feet), 

Sldetrtp up Ji'rljoles Cctnyorl to l3ctrtcl~lt~t· Na.tlorta.l Monument 
Headcjua.rters, This well .. used trail Is within a national monument: 
do not collect samples without a permit 

A walk or 1,5 km up'(not'th) Frijoles Cnnyon to Uppct' fl't•tjolea Falls wlll take you through a wcll .. exposecl section or these nu1n1' 
volcnno~s. 1·he uppet•most of' these n1ntu•s cut1 be wulltecl f't•ot11 tts dtstnl margins at U1c Rto Ot•nndc to lls U1t'ont nt the upper fttlls, whet•c the ctatcr ls flllcd with scorJn deposits and cl'ntct• lnkc lavna (F'lgs, 19 & 20). This maru• is about 3 lun In dlrunctet• 1111d 30 111 thick at the c•·nter rim. It is overlain by thlcl< ttnclcslte 11ows thul ru•c pt•obnbly from a vent located cast of' the t•iver, 

Not·th of' Upper Ft•tjoles Fnlls (and up section f't•onl the t•lvet•), there is a cindct• cone exposed to the cast or Ft•IJ ole~ CcU'lyon, above the flats above uppc1' falls. This line of' vents lnclucles tu10U1er lal'gc cinder cone, locatccl nlon~ 1-Ughwuy 502, 2,3 km norU1 of Uppm• Falls. 

~ \ \ \ \ H ) \ I '11 I ) \ \ \ I ( I ! \ TU~Mf"A ~ \~ ( ~ l ( ~I U ) I'-\ Jl~l 1-,.:.. C. ~cl\:f'" ~ ~.e-:tr ·· · . ~10UIII'At:l! Ill § · 1 • • "' E'rll' r··- ;;n:J YOI.OAIIO c'~;·~~ ~all~~-. UI~IPUI~~~f.:_.J!_ my __ ... ~sJit:i IJMn 
,-;'ii: , .... l. Vf~~~.. . ....... _~..,..._::i;re(5'.)1.'1 YOlO~O ~ ' ! · DI!IIOiliTD ~~~: • - . IIIL • -· . :;.:_~~"·-- -~- ··- . ~ 
~~~~AT) IJOnOf,j 01' OAN'I'otl 00\II'Nii ll • -:.:.:...._ j:rtiJOl!:S Olltti!IC 

.---,....-oi!OTlON AT Utll-c!n PniJOI.Illl F~l.LS 

UC110/>J VISfbLU IN CANVON WALL l'tlOM 
Fig. 19. E;(posurcs uncl reconstruction or tft~n",~{~~~00S~c0uWon' 11,:ro~PP~I!r l:t·ljolcu Fulls, Frijoles Cunyon (west side ol' !he river). 

As was mentioned carllet•, those vents near river level (and the water table) formed phreatomngmattc tuff rings, whereas those about 100 m above the rlvcr were erupted as cinder cones. Another lnterpretatio11 is U1at the cinclet• cones were erupted Inter, after deepct• l.nclston of the river canyon and lowering of the water table. 
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Fig. :!0. 
Frijoles 

UAUUI'illl'tiW•4Ult UUttOC 
LAI~LLII'ALL 
I'LAIIAII nuuat: 
1.1.\II!IIVI: IIUIIOC Ullll 
UUIIOC IJUIII:U 

fALLOIJI tll'lo LIIIIIC 

11LAIIAII IICIJUI:U OUIIOt 
1: lf'LOIIIUII llfltCC:IA 
11L.lf4AII llUIIOt 20'\o LllltiC CL.lUIU 
LAI11LLII'ALL I ... LIIIIIC CLJ.UlU 
1.14 OOIYI: UUIIOt: 

LAI~Lll PALL 
DUIIOC llUIIt:U Wltlt CIIAWII:L IIOIIIlOII 
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!.itrutigntphk· section through the lllllllr \'olcatw 111 Lipper Frijoles l':alls, 
Canyon. 

Above U ppet· Ft•ljolcs Ji'ulls, the Ctll1yon bt'onclcn~ unci you cnn Hcc n 
wcll·c.~posccl pnleucunyon nlcmg the notth(!llHlct•n cnnyon wnll. which 
Is l'lllcd wllh Ltppct· nwmbct' Btttlclcllct' Tul'J' IL~nlmbt•lt'e. t·•t•l.JolcH 
Cnnyon was ulso flllccl wllh Bnndcllct· Tuff, but much of the p~dco:. 
Frijoles Cunyon hns bcl'n t'csllt'J'eC!lecL lcnvlt1g ot1ly \Julehes ul tulf 
clinging to paleocnnyon wnll~. A~ you conllnuc up t. 1e cunynn, t.he 
bmm1Uc lnvus or U11S pulcocnnyon Ul'C exposed along the ll'ull. 

As Lhc: u·utl be~IJ1B to clltnb ngnln, towni'Cl Lhe nunclcllct• 
l·lcadquru·lct·s, ll pusse8 Lht·ough not1Weldl'cl IIJ111111btllc of' !.he uppct• 
member· of lhe Bnnclcllet• Tuff', •t•hct·c ttt'c no Pllnlnn pullllcc full 
dcposlls ul lhls locullon bccnusc Lhc Ljppcl' nwmbct' pumice depnsll Is 
locnlccl not'lhwc!sl of lhc Vnllcs culclt•t•n, 

\Vhe11 you huvc t•cnchcd Lhc Hemlrlllttl'tcl'~ viHltot• ccntet•, c11joy 
lhc l11LISCll111 nne! Wcll·pl'C!jl~I'\'NI t'Uim;. A.1.1 < l.ll the Vl!:!llOI' Cl'l"llCI' nbtllll 
other· gcologlcnl tt·nll ~utdes, 

Fr·lfo!es Cctnvon to Lwwnls ctt tel Alwno CWt!)CJits ( 1 7 to 1 i.9 ktn. 
soutlt qj' BLtckntcttt Crosslti[J, west stele q[ llw rluc~r). ThiH stt·ctch ol 
cnnyon co11slsts or l1Wsllv busltlllc unci t.ll1dcs1Uc ltt\'ll llnws, wiLh Bomca 
lnlct•bcclclccl pt•oxll11lll plit·cutomn~tnnllc tul'l'H. Tl1l!Ht• t•uci~H Wl'I'C eut 
bV ClllWOilH ll'llll WCI'C nllecl bV ll.tllll11bl'lles of lhc BLL11Cleliel' Tul'l': HrJI11C, 
!.JUt IIOL nil of these cnl1\'011S liave bl'CI1 l'CSLIJ'I'C!~tcd IJV CI'O~Ioll. 

Sc\'l!I'Ul or lhc }jwmll llo\~'!:1 ol' the Cei'I'OH tlef lllo tll'l! Ul1df2t'lttll1 
bv lhl.! lowct• IJlCI'Itbct' ur lhe l3UJ1dell!.!l' TufT ( 1 J\ Mnl Ulld nVl!l'lnll1 bv 
Ll1c up pel' l11CI1lbCI' ur Lhe 13nndclh.!l' ( 1.0 MnJ. . 

Al·t·oyo Monloso t'l1lcl'H thnn llw cnHl 1 IHtl upstt'l'Utll lhll'll 
Alumo Cn11yan. The1·c ut•c lhlldt (~I 00 mJ. J'IL!tll'lV eonlltlLJOLIH 
CXIJOSLil'l!S of' COHI'!:H! pht•etqomuglllllllt tlepoHIU~, dlppti·IJ:! clllu~s, lll1cl 
lnlcl'luyet•cd busult lloWH Jot• I .5 lw1 up lhP nt•t•oyo fl'Oltl I he HJo 
Ot·unclc. TIH1 busnlllc scqLtClll!~~ Is (!Uppt!cl by uppl'OXII'I11llely ao 111 or 
tgnlmbt·ltc tlowr.t• Bnnclt•llct• 'l'ul PI). wh tch ltv btmen t h H glt IHHY Cet'l'CJH 
del Rio undeslle llow, 
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Quaternary gravel deposlts.conta1nlng clasts >4 m in cliruncter, 
crop out 30 to 50 m above the Rio Orande downstream from Alamo 
Canyon. These gravels are older than 150 1\a and may have been 
deposited after breaching of landslldc dams located upstrean1. 

Alamo Canyon to Sanchez Canyon. Along the ct:U1yon for 2 km 
downstrewn from Alamo Canyon, the river cuts trough another maar. 
Diatomites are interbedded with U1e phrcatomagmatic deposits east of 
the canyon. Flows of basaltic andesite and andesite from the Ccrros 
del Rio cap these deposits. West of the rlver, thick exposures of 
proximal phreatomagmatic deposits crop out in cliff e>..1Josures and He 
beneath ignimbrite (Bandelier?) and basalt flows. lntcrlaycred mid· 
Pliocene cobble gravels and basalt flows lie at water level over much of 
thls reach, and pink arkosic sandstone of the Santa Fe Group ls 
e}..-posed beneath the gravel at several locations. 

Between Sanchez Canyon and Rlo Chi.qulto (22.5 km south of 
Buckman Crossing). Faults e,.,'tending north from the La Bajada fault 
(and escarpment) cross the canyon through this section. If you drive 
from Albuquerque to Santa Fe, you climb this escarpment on Inter· 
state Highway 25. These faults and escarpment mark the mouth of 
White Rock Canyon, where the Rio Grande flows out into the Santo 
Domingo Basin and opens into the main part of Cochiti Reservoir. 
There is no evidence for movement along these faults during the 
Quaternary. Several basaltic vents are located along these faults, but 
none have been mapped ln detail. Scattered patches of distal lower 
member (Otowi) Bandelier Tuff ignimbrite are interbedded with 
basaltic lavas and tuffs of the Ccrros del Rio. 

As the Rio Grande turns to the ESE (mouth of the Rio 
Chiquita). the cliffs on the north bank consist of a 35·m·thlck section 
of hyaloclastite. The deposit consists of orang!sh-yellow tuffs and 
highly vesicular bombs. Large bombs Increase ln number relative to 
matrLx until there is no matriX and the deposit consists of agglutinated 
bombs that have flowed as rootless lava flows. The lnrgest bombs arc 
1.3 m x 0.3 m: all are very vesicular, with vesicles up to 1 em in 
diameter. Smaller clasts are bomb fragments. The yellow-orange 
matrix consists of coarse ash, lap1111 and small bombs: bedding plane 
sags are common. The tuffs a.re cut by a basaltic dike wJtJ1 an attitude 
of NlOE: this grades upward into a scoria deposit. 

Turning toward the south again, the river cuts through another 
maar deposit consisting of' well-bedded pale brown coarse to medium 
ash and lapilll. Beds are 2 em to 10 em thiclt, with ripples, dunes, 
and bedding plane sags. The well-bedded deposlts consist or mostly 
lithic clasts, including fluvial cobbles and pebbles. Overlying U1e well· 
bedded tuffs is 15 m of massive to poorly bedded volcanic breccia, in· 
tcrbeclded with yellow tuff. 

Boat Ramp, Cocltltl .Reset·uol,. (27.5 lcm south oj' BLLckman 
Crossing). 
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l"rom here, tt Ja possible to cxJt the canyon nne! rJvct• vln 
Cochiti Pueblo, Ln Bnjndn escarpment nnd lntct•stntc HJghwuy 25, 
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