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INTRODUCTION

Rift volcanism Is often characterized by the complex interplay
between volcanic and geomorphic processes, By their very nature,
rifts are the loci for basaltic volcanism and often host the continental
depresslons that serve also as groundwater basins, major rivers, and
lakes, Eruption processes are controlled by the depths at which
rising magma [ntercepts either ground or surface water; {n some
Instances, modern or anclent aquifers can be mapped by identifying
the degree of phreatomagmatic activity that characterizes cones or tuff
rings within a rift-bound voleanic field,

The Cerros Del Rio volcanic fleld, located in the Espatiola
basin, immediately west of Santa Fe (Fig, 1), contalns typical examples
of the products of rift processes that have occurred within the Rio
Grande rift over the last 3 m, y. The best exposures 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
Otowl, along the road between Santa Fe and Los Alamos, and ends at
Cochitl Pueblo (Fig. 2); much of the lower half of the canyon has been
partly flooded by Cochitl Reservolr, a flood control and irrigation dam
constructed upstream {rom the pueblo,

There are no roads and only difflcult tralls along White Rock
Canyon; f{or thls reason It is easlest to use & boat to galn access to the
locations described In this gulde. The following descriptions along
the canyon will be keyed to prominent geographic features,in a
manner simlilar to a traditional geological fleld gulde.

GEOLOGIC SETTING AND HISTORY OF THE RIO GRANDE RIFT

The Rlo Grande rift Is a chaln of grabens over 1000 km long,
which trend south from Leadville, Colorado and along the U.S.-Mexico
border near Presldio Texas (Baldridge et al,, 1984), The northern rift,
from central Colorado to central New Mexico ls well-defined, but
breaks Into a broad zone of grabens and horsts south of Socorro, New
Mexlco, where the actual rift Is better deflned by geophysical
characteristics than by geomorphle features, Based upon petrologle,
gravity, heat flow, and magnetotelluric surveys, the crust uncer the rift
thins to as little as 30 km, in contrast with crustal thicknesses of 40
t:lcvQ g‘% km cast and west of the rift (summarized in Baldridge et al,,

Extension, leading to rift formation, began between 32 and 26
m, y. ago, along a N-S-trending zonc of weakness that had developed
during late Paleozolc time (Chapin, 1978), Within the central
segment, {rom Alamosa, Colorado to Socorro, New Mexlco, the rift
consists of a NNE-trending line of en-echelon basins,
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Flg. 1. Generulized geologle map of the central Rfo Grande rlft (From
Buldridge, 1979), Letters A 10 G Indicate major Plio-Plelstocene voleunie flelds.

White Rock Canyon beging ot the letter “B", on the north side of the Cerros del
Rio volcanic field.
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The Cerros del Rio volcanlc field, the subject of this fleld trip,
{s located In one of these en-echelon basins, the Espariola basin (Fig.
3): this basin {s 40 km by 65 kin, separated {rom adjacent basins by
basement ridges (Manley, 1979), The predominantly coarse-grained
clastic sedimentary rocks {partly consolldated arkosic sandstoncs,
siltstones, and conglomerates) of the basin are overlain by or
Intertongued with volcanlc and volcanlclastic rocks of the Jemez

Mou;mtsuns to the west, basaltic lava {lows of the Taos Plateau to the
north

Battaf'e

et

1M"u‘
Fig, 2, Mup of While Rock Cunyon, from Otowl Bridge, where NM Stute Highway
502 crosses the Rfo Qrande, o Coehltl Loke,  Shiey discussed in the text ure
keyed 1o geogruphle numes on the thap,

antl the Cerros del Rio volcanle fleld along Its southern margin, Many
of these sedimentary rocks represent alluvial fan deposits from the
Precambrian and Paleozole highlands to the east, north, and west

(lugngdee)rlymg the voleanlc rocks of the Jemez Mountuing) (Cavazza,
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Most of these clastlc sedimentary rocks are Included in the
Santa Fe Group, which ranges in age from ~21 Ma to 1.0 Ma (Hawley,
1978} Manley, 1979). Interbedded with these Santa Fe Group rocks
are fallout tulls, which serve well as marker beds and can be observed
in outcrops along the road {rom Santa Fe to Espariola,  These tuffs
have ages of © to 14 Ma (flsslon track ages) and are probably from the
Jemez volcanle f{leld, Total thickness of these sedimentary rocks Is
between 1.5 and 2.6 km, depending upon the model used to Interpret
the gravity data or by extending slopes measured on the older rocks
exposed at the basin margins (Manley, 1970), Detalled stratigraphic
and paleontologic studles are covered in a monograph by Galusha and
Blick (1971); later basin studies have bullt upon this work,

How old is the Rio Grande and how long has it been In Its
present locatlon along the central rift?  Orlginating (n 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 Mexlico, It Is known as the Rio Bravo del! Norte).
Fluvial gravels that include lithologles derlved from outside the basin
to the north, unconformably overlle 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 Pllocene time
(Machette, 1978; Waresback, 1986).

At approximately 36° N, near the citles of Los Alamos and
Espariola, 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 volcanlc fields, from the Springerville fleld in N-central Arizona
to the Raton fleld of NE New Mexlco and western Oklalioma (see
[AVCEI fleld guide, Excursion 8A, "Mlocene to Quaternary volcanism
and extensional tectonics, central Rio Grande rlit and southeastern
Colorado Plateau, New Mexlico and Arizona'), The Jemez voleanic
{leld, which has formed over the last 14 m.y., is located at the
Intersection of the Jemez lineament with the Rio Grande rift (Smith
et al,, 1970; Gardner et al,, 1986).

Volcanlsm over the zone of extension and mantle diaplirism
represented by the Rio Grande rift shows considerable variation, from
olivine tholelites of the Albuquerque volcanoes (visible when looking
west from the Albuquerque airport) to basanites and alkall olivine
basalts of the Cerros del Rio volcanic fleld (Baldridge, 1979: Aubele,
1978: Duncker, 1988). The largest volume of basalt within the rift is
in the Taos Plateau volcanlc fleld, which consists of low-alkall
tholefitic rocks and Interbedded intermediate and siliclc lavas and
tuffs (Dungan et al,, 1984}, Most of the basaltlc valeanism visible
within the rift has occurred over the last 65 m.y., although volecanism
occurring along N-S faults on the rift margin within the Jemez vol-
canic fleld dates back to 14 m.y..
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Flg. 3, Qeologle nup of the Espunoln busln, from Manley (1979),  While Roek
Canyon s locuted within the northwestern portion ol the Cerros del Rfo
volcunle fleld, north of the La Bajudn fuult,

White Rocle Cartyon ‘

Exposed In White Rock Canyon is a diverse sequence of
Mlocenc through Holocene rocks in which are recorded volcanism,
sedimentation, and crosion along the Rio Grande rift In the Espaiola
basin, Untll the Rio Grande began to run through this basin, this aren
was located on the western and southwestern marging of an alluvial fan
complex on the flanks of the Sangre de Cristo Mountalns,

Sedimentary rocks of the Lower and Middle Santa Fe Group,
overlying volcanogenic alluvial fan deposits (the Puyé Formation) and
Pliocene alluvium (upper Santa Fe Croup) record alternating
aggradation and canyon cutting centered near the present-day white
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Rock Canyon during late Tertlary time, ‘This broad coalescent fan
deposit (Santa Fe Group) extended beneath the eastern edge of what
Is now the Jemez Mountains, The thick basin fill accumulated to a
local elevation of over 1860 m (6100 ft); thls slowly aggrading base
level existed from at least mid-Mlocene to Pliocene time,

By mid-Pliocene time (~3 Ma), southwest-trending arroyos
(from the east) and east- to southeast-trending canyons (from the
Jemez Mountains) were deeply eroded to the level of the palco-Rlo
Grande, Many of these paleocanyons are preserved under lavas and
pyroclastic rocks of the Cerros del Rio volcanoes and by the two
members of the Bandelier Tull, erupted at 1.4 Ma and 1.0 Ma,

Stratigraphic relationships may be seen by hiking up side canyons
from White Rock Canyon,

Table 1. Geochronology of Voleanic Events Along the Rio Grande,
Cerros del Rio. F, T, = fisslon track date.

Event .zxgc) Method Relerence
Mn

Santa Fe Group sedimentary w2, [oma K/Ar Hawlaey, 1478,
rocks 1.0 F1 Manley, 1979
Basallc and andesitic 30— K/A Dethier (in
volearnism, Cerros del Rio 0.96 inferre Press),
volcanic fleld d from Manley, 1976

strati.

graphy
Puye Formaton nliuvial o K/AL Turbeville, vl
fan, with a source aren In Inferre nl, 1989
the Jemuez Mountains d from
(contains Inlerbedded tulls stratl.
from the Tshicomn graphy
volcanoes,
Batideller Tull 114 K/Ar Doell et aly,

Upper (Tachirege ) Member 1968
Bandeller Tull 1,45 K/Ar Doull ¢t ul,,
Lower {Olow!) Member 1968

Dammng ol White Rock >0, 16 Inferre Dethler, (in
Canyon by slump blocks d from press)

siralle

graphy
k! Cujete Pumice (from 014 K/Ar Sell'et al,,
Valles intracaldera rhyolite 0,09 1088
domes and cralers

The present locatlon of the Rio Grande did not changed much during
activity of the Cerros del Rio voleanie fleld (~3 Mn), Although many of
these lava flows are burled by the Bandelter "Tufl, there are outcrops In
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canyons and on high ridges, around which the Bandeller Tull Nowed;
basaltic lavas are lntersected by watet wells up to 10 km west of the
Rio Grande (Dransfleld and Gardner, 1886}, [n all of these cases, It
appears that lavas erupted on the west slde of the canyon flowed east
and those on the cast flowed west, The Cerros del Rio voleanie fleld
covers over 800 k<2,

Whlte Rock canyon was repeatedly demmed by lava flows of thie
Cerros del Rio volcanice fleld, Lacustrine sedimentary rocks have been
mapped In and north of White Rock Canyon: along the highway to Los
Alamos there Is a beautlfully exposed lava delta, where lavas from a
vent on the west side of the valley flowed Into o lake with a water
surface of at least 1860 m (8100 {eet), Similar lava deltas are visible
In xr;{any canyons between Los Alamos Canyon and the village of White
Rock,

Along the northwestern margin ol White Rock canyon ls a 200

km?2 volcanogenic alluvial fan (the Plio-Plelstocene Puye Formation),
which consists of volcanogenic sedimentary rocks and interbedded
tuffs derlved from the dacitlc and rhyolitic domes of the Tschicoma
Formatlon of the Jemez volcanic flald (Turbeville et al,, 1989) (Fig. 4).
The intertonguing Totavl Formation (Totavl Lentll of Griggs, 1964)
{neludes the earliest dated deposits of the ancestral Rio Grande In
northern New Mexico (4—4.6 Ma; Waresback, 1086), The river does
not appear to have changed course considerably since before mid-
Plelstocene time, when the growing Puye alluvial fan may have pushed
the river several km east of its present position (Waresback, 1886),
Deposition of this alluvial fan was contemporaneous with basaltic

volcanism, as basaltic ash layers are interbedded with the voleanogenic
clastle rocks,

PAJARITO PLATEAU niG QRANOE
‘. . -
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BANDELIER TUFF PUYE FORMATION  [] CHAMIA .\ mon

: TESUQUE
CERROS DEL RIO TO'TAVI FORMATION AMATION

[ TaCHICOMA M, ANCHA FORMATION

Flg. 4, Schematlc crossescction of the Pajurlio Platcau of the castern Jemez
Mountaing volcanic field, the cunyon of the Rfo Grande, and Cerros del Rfo,
showing the rclationshipy between the Puye alluvinl fan (derived from the
intermedinte  volcunie rocks ol the Tschicomu Formatfon), sedimentuary rocks
of the Suntu Fe Croup (Including ancestrnl river deposits—Totavl Formutlon, as

well ns Tesuque, Chumita, und Anche Formatlong), und the basaltic rocks of the
Cerros del Rfo (lrom Turbeville et ul, 1989),
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The upper portions of White Rock Canyon are flanked by slump blocks
(toreva blocks), which appear to have been stable since at least mid-
Plelstocene time (Bandeller Tull is part of some of the slide blocks but
the blocks are overladn by 160 Ka El Cajete pumlce, that has not been
dislocated). Most of these blocks consist of basaltic lava flows that
overlle rift sedimentary rocks,

Beflore about 2 Ma, the Rio Grande appears to have flowed at an
elevation of less than 1834 m (6020 [eet), Fleld relations demonstrate
that the upper part of White Rock Canyon was at least 76 m (250 [eet)
deep at that time. Before cruption of the lower member of the
Bandelier Tulf (1,46 Ma), slde canyons west of the Rio Grande (south
of Water Canyon) had been Inclsed into basalt flows to o depth of at
least 150 m (500 feet), White Rock Canyon was probuably cut into
landslide debris to an clevation of 1768 m (5800 [ect).

Since eruption of the upper member of the Bandeller Tulf,
White Rock Canyon hasg been deepened by about 122 m (400 feet),
Elsewhere in the Espaiola Basin, rapld Inclsion of the river occurred
durlng mid-Plefstocenc time, probably in response to climatie change
and to complex reglonal geomorphic fuctors, sueh as (1) (ntegration
with a through-llowing "Lower Rip Grande" systent, and (2) upstrewm
enlargement of the headwater arcas to Inelude the Sun Luly Valley
region of Colorado. Sofl development tn the canyon supports the
climatie hypothesls, but stream terrace remnants are small,  The

highest fluvial terrace preserved (n this area is about 48 m above the
Rio Grande and is older than 150 Ka,

HYDROLOGY OF WHITE ROCK CANYON AND EFFECTS ON ERUPTION
PROCLSSFES

The Santa Fe Group clastic sedimentary rocks underlylng the
Cerros del Rfo voleanic field are gernerally considered to be a single
hydrologie unlt and part ol the Tesucue aguiler system (Hearne, 1980
Coons and Kelly, 1984)), Yields of 27256 m3/day (500 gpm) have been
reported from this aquifer, Ceneral fow Is from recharge areas at the
base ol the Sangre de Cristo Mountalns toward the west and the Rlo
Ex‘andc‘ Thickness of the Sarta ffe Croup und the aquller I8 not

nown,

Under the Cerros del Rio voleanic fleld, the water table slopes
from an clevation aof 1798 m to 1768 m (5900 fect to 5800 lecet) nlong
the eroded margins ol the fleld down to 16768—1815 m (66005300
feet), where the aqulfer reaches the surface at the Rlo Grande (Borton,
1968), During the last 2 m.y,, the level of this aquifer was possibly
160—176 m (492—B75 feet) higher, depending upon the depth of
crosion since then,  Aquiler levels were between 80 and 276 m (300
feet and 900 feet) below the base of lava flows and cones that make up
most of the fleld,

Vents of the Cerros del Rlo located clogest to the Rio Grande
are maar volcanoes (Flg, 5) Having erupted during the perlod of 2.6
Ma to ~1.56 Ma, these were erupted at o time whien the level of the Rio

White Rock Cunyon 1/26/93 9




Grande (and the aquifer) was at an elevation of 1768 m (5800 feet),
Bases of the northernmost maar volcanoes, located along northern
White Rock Canyon, are at an elevation of about1768 m (5800 feet);
maars farther down White Rock Canyon are 30 to 60 m lower, but so
was the river, Other vents, located at elevations over 100 m higher
than those of the tuff rings (also farther from the ancestral river), are
all composed of cinder cones, spatter cones, and assoclated lava flows.

All of the eruptions within the Cerros del Rio volcanic fleld,
occurring where the aquifer was shallow (nearly at the surface), were
phreatomagmatic (hydrovolcanic). Vents reaching surfaces 100 m or
more above the water table formed elnder or spatter cones with little
or no evidence of magma/water interactlon, An excellent example of
this effect can be seen by walking up Frijoles Canyon {a side canyon
trending NNW {rom the Rio Grande)., Basaltlc volcanoes are exposed
along this and adjacent canyons, Maar volcanoes are visible {rom
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 1s also visible {n the larger maars, where the craters
are filled with scoria and lavas,
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Flg, 5. Sketch geologle mup of the Cerron del Rfo volennle fleld, showing the
locution of known venty, [ncluding hydrocinatle vents ((uir tlngs), celnder
cones, und spatter cones,  Mnp huy been modifled from Kelley (1978),

GUIDE TO WHITE ROCK CANYON
Reaching the head of White Rock Canyon (g, 6)

All of White Rock Cunyon ls sccesulble by foot, although much
of it requires rigorous hiking und u llttle serumbling, The head of the
Cunyon, ut the intersection of Highwuy 50! und the Rfo Qeande (Otowl
Bridge), is on lund belonging to San Idefonso Puebloy you most
obtaln permission from the Pueblo before entering the cunyon ut thiy
point, The most effective wuy of seeing the canyon iz by bout,
entering either from Otowl Bridge (permit required) or from
Buckmun Crossing, which cun be reached from Suntw Fe. 1 you float,

plun on at least one very long duy, or perhups two days, camping In
the cunyon.

intering from the North, The easlest way of reaching this
canyon Is to drive north of Santa Fe along Highway 85/285 untl! you
reach Highway 801, turning west toward Los Alamos (15 miles {fom
the Intersectlon of Alamo Drive and St, Francls Drive at the northern
end of Santa Fe), Most of the sedimentary units along this drive are
arkoslc sandstone, slltstone, and conglomerate of the Tesuque For-
mation of the Santa Fe Group, ‘ype sections of thils formation are
exposed (n arroyos below the Santa Fe Opera,

Travel west along Highway 501 to Otowl Bridge on the Rio
Grande (7 mlles), If you enter the river and canyon here, you must
acqulre a permit from the offlces of San Ildefonso Pueblo (fee
required), Even I you do not enter the canyon here, there I8 a great
view from the highway of La Mesita maar, discussed below,

0 ' Travel north of Santa Fe (1.3 mlles
past the tralflc light at St. Francis Drive and Alanio Drive) to the La
Tlerra Road (left off of Highway 85-286), Take this paved road due
west for about 5 mlles untl! it becomes a gravel road (be careful during
the summer, for flash floods can inundate this road), This becomes
Buckman Road, which cnds at Buckman crossing on the Rio Grande,

The road continues WNW, following the old Chill Line rallroad
grade, through Santa Fe Group sedimentary rocks until reaching the
base of an escarpment formed by lavas of the Cerros del Rio volcanic
fleld, which overlle 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 Is an excellent place to begin your trip down White
Rock Canyon, 1t is also the location of two of the best exposed maar

White Rock Cunyon 1/26/93 11
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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,

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

. White Rock. Tralls from the village of White Rock, Ask for
thelr location at businesses within the village or at Overlook Park,
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Flg, 6. Access to White Rock Cunyon: (1) vin NM Stute Highway 501 to Otowl
Bridge, (2) gravel und dirt ronds from Sunly Fe ucromws the Cerros del Rfo and to
Buckmun crossing, (3) from Cochitl Dam, und (4) trully from White Rock
village and Bundeller Natlonnl Monument,

Between White Rock and Bandeller National Monument, Tralls
cast of Highway 502, between the village of White Rock ard Bandeller
Natlonal Monument, The most accessible of these tralls is the one to
Ancho Raplds, Tralllicads are vislble on the left {east) side of the
highway (golng toward Bandelier) as dirt ronds with gates,

Barncleller Natlonal Monument, ‘The many tralls In the Bande.
ller Natlonal Monument Wilderness Area, ‘The caslest trall to the Rio
Grande s that along Fri{oles Canyon, below the Mohument
headquarters (the Falls Trall), which will take you through several
maar volcanoes n cross scetion, The geology along the Falls Trall 1s
described later n this gulde, In reverse, starting at the river, Other
tralls, including the one to Capulin Canyon, will require a very long day
or camplng overnight,
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Ld Meslta Maar

Introduction, La Meslta maar {8 the northernmost of the 70
voleanoes of the Cerros del Rio voleanie fleld, It is one of the best
exposed maars [n the volcanie fleld and Is visible from State Highway
502 at Otowl Bridge. The southern end of this volcano can be reached
from Buckman crossing on the Rlo Grande: to vislt the northern hall
requires permisston {rom San Ildefonso Pueblo, The purpose here ls
to describe the role of water in the development of La Meslta maar, as
determined from detalled examination of the bedded deposits,

(3] nasaLt riows
£ vasaLric sconia

[ wravocuastites
19,
4.} BEDOING ATTITUDRS

Fig. 7. Geologle sketch map of La Mesitn manr,  The northem cnd of this muar
is easlly seen from the Otowl Bridge on Highway 502,

Stratigraphy

La Mesita maar (Fig, 7) originally had a wide crater, but It is
now f{llled with basaltic ash, scorla, and agglutinate from Strombolian
eruptions. The maar rim beds that lie beneath the Strombolian fallout
tephra make up the rim of the original maar volecano, They are about
100 m thick and are composed of fragments derlved from hy-
droclastic eruption processes, as will be shown in a later section, The
stratigraphic sequence, from maar rim beds to crater-filling scoria, s
now exposed in cliffs for about 3 km along the course of the Rio
Grande .
Description of Beds
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Palred Coarse-Fine Bed Sets, The rim beds of La Mesita masar
are composed of a repetitive sequence of bedding sets consisting of
coarse layers overlain by fine layers, with contacts belng sharp to
broadly transitlonal on a centimeter scale, The thickness ratio of
coarse- to line-gralned layers varles greatly but averages about 1:1,
The coarse-grained layers contaln fragments that range from coarse
ash to mecdium lapillt (~3 to 10 mm), The coarse-gralned layers grace
from those lacking finc particles (< asli slze) with an open-work
texture to those with afine-grained matrix,

The coarse-grained layers with clast-supported texture are
consldered to be depleted in {ine particles, whichi occurred by
processes of eclutriation within ascending eruption columns or
pyroclastic surges, The more poorly sorted coarse-grained layers are
belleved to have also formed by one or the other of the two processes
but with sorting processes not reaching completion,

The fine-gralned layers within single palred sets may have
been derived by separatlon from the coarser debris, lowever, many of
the flne layers contaln coarser clasts and appear not to have
undergone any sorting process.

Some of the rim beds contaln bedding-planc sags, wavy units,
and cross-bedded unlts, Most of the layers, however, are plane beds
commonly with inverse grading,

Within many ol the course« ot finc-grained beds there are
laminations of coarser« or finer-gradned nsh but without sharp bedding
planes (Figs. 8, 9), [For example, ln some ol the coarse-grained beds
there s a falnt layering that s manifested only by lght dusting of fine
ash along a horizontal plane, In some of the [inersgrained beds we
lines of slightly coarser ash grains, of one to several graln widths, that
ate mbedded In the slit-sized material, ‘The ash in these laminations
may lherease or decrease up or down in the layer to produce smalls
scale graded bedding, The laminatlons within the sectlon at La
Mesita commonly show very subtle low-angle cross bedding and
lenticularity,

Cacl coarse-fine bedding set in the La Mesltn maar tim beds s
consldered to be the result of an eruptive pulse, with tephra belng
deposited by [allout or by flowage processes, The Initial assessiment of
whether beds are emplaced by flowage or by fullout processes |8 based
upon certaln bedding criterle, I {nternal laminations shiow subtle
cross bedding, the bedding set ls Interpreted to huve been emplaced
by flowage, Coarse-grained layers that lack bedding-plane sugs at thely
bases and show inverse grading are also Interpreted to Have been

cmplaced by flowage processes. Another erlterlon ol Nowage
emplacement is the
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Fig. 8, ‘Bedding sets within the g '

La Mesita maar deposlts, within Lo Mesita maar deposits,
Bedding sets ure o few cm thick,
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sharply defined basal unconformity where the upper beds have eroded
underlying beds, resulting in cross-cutting relationships, Eroslon by
surges is also indicated by the mixing of two layers at thelr contact or
i:he presence of material from the underlying layer in the overlying
ayer, ‘ '

_ 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 assoclated with lentlcular layers or other angular i
elements, and (4) relatively good sorting, gt

The explanation for why bedding palrs begin with a coarse- i
grained layer and end with a fine-grained layer depend upon whether i
the bed is believed to be of flow or fallout origin, Fallout beds with’ i
inverse grading can be interpreted {n terms of eruptive energy: §3
eruptions. with progressively larger kinetlc energy, expelling larger
clasts as the eruption progresses (Wohletz and Sheridan, 1983), by
Normal grading can form during energetic eruptions, with the finest H¢
material elutriated from the ecruption column, falling after the i
eruption phase, , »i-

| Beds emplaced by flowage also show a progression from coarse i
to fine-gralned tephra, but for a different reason, Coarse-grained basal ot
units may form {rom the head of a passing surge, which is followed by i
the finer-grained and more poorly sorted body of the surge (Fisher, et S
al, 1984,1986). Because most of the beds have been assessed as l:?f,
emplaced by flowage at La Meslta maar, the [ollowing discussion 4
assumes flow emplacement unless otherwlse stated, 8y
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Description of the Eruptlon Sequence. ik
The stratigraphlc sequence at La Mesita maar is about 100 m ‘

thick, but complete sectlons could not be measured in any single i)
locality, The upper portlons of the sequence are well-preserved on I
i i

f

e
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the uphlll side of u dike, whereas the lowermost part of the sequence
Is exposed In a large, dissected slide block, 400 m cast of an elevation
of %48)7 feet along the Rio Grande (4 km downstream {tom the Otow!
Bridge).

§ There are subtle color differences within the tufl beds, which
reflect changes in clast compositions, Pink hues characterlze beds
contalning abundant sand- and silt-slzed materal rom the underlylnﬁ
Tesuque Formatlon, Yellowlsh hues are derived from palagonitize
vesicular basaltlc pumlce fragments, Blulsh-gray (medium gray) hues
are typical of deposits contalning abundant angular or subangular
accessory to juvenlle pyroclusts of hydroclustic (phreatomagmutic)
origln,  Dark gray and black deposits are mostly quarts xenocryst-
bearing tachylitic scorla of Strombolian origin,

Bepginning at the base, the [irst hall meter of seectlon is
dominantly pink to medium gray, changing to yellowlsh-gray over the
next 3 to 4 m, and pink and gray for the next 20 to 30 m of In-
terbedded flne-gralned und coarse-gralned layers, This sequence
contalns abundant lithlc ¢lasts (sand grains) derlved from the
underlying sandstones: these are progressively diluted upward with
abundant juvenile hydroclastic particles, ‘The uppermost sequerice (8

mostly pink and contalns a much higher percentage ol uccldental
lithlc clasts,

9 La Mestta Maar ¢ Hyhulaas

‘ o Seein (ful)
2
64

~? o RS 0 1 2 3

Fig, 10. Sorting (oe) vs, Medlun Diumeter (Mdg) plot for hydroclustic

(phreutomugmatic) surge deposits und scorln fnll deposits of the Lu Mesin
mane,

Petrology and granulometry of the sequence.

Eleven samples of La Meslita teplira were sleved and
characterized by scanning electron microscopy (SEM). In general
samples are flner gralned in the middle of the eruption sequerice and
coarser grained near the base and top; the strongest hydroclastic
fragmentation occurred midway through the eruption, Figure 10
distinguishes scoria from hydroclastic tephra on a sorting-median
diameter plot, which also shows relative fields of fallout and pyroclas-
tic surge bed forms. Histograms of size frequency show a distinet

polymodality for most samples, a feature typical of many tephra
samples in general,
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Clast shapes, as revealed by SEM, show several general trends!
(1) Uthic clasts of the Tesuque Formation are subangular to
subrounded quartz and feldspar grains and aggregates of mudstone!
(2) juvenlle clasts larger than 0.5 mm are dominantly scoriaceous
while smaller grains consist of angular blocks and plates; (3) varlable
degree of palagonlitization has produced hydration cracks and rinds
that separate from glassy clasts: (4) some samples contaln numerous
spherical clasts with median slzes of about 2.6 plil (0,175 mni)~some
of these appear to be alteration products, while most appear to be
Juvenile: (5) aggregation of fine ash Is common; (8) the scoria show
fused surfaces, whercas hydroclastic shards have very (rregular
surfaces with abundant coatings of alteratlon products. The presence
of spherical ash suggests same relatively fluld magma fragmented by
hydrodynamic Instabllities, However, the hydroclastic ash is

dominantly angular, having been derived from brittle breakage of pre-
veslculated magma.

Concluslons Regareing the Origin of La Mesita Muar

The hydroclastie tephra of the rim beds has abundant {ine-
gralned clasts typleal of hydroclastic eruptions, Experiments with
water anc thermite melt to simulate water magmea-interactions
Indicate that explosive efflclency is strongly controlled by water-melt
masgs ratios and by confining pressure. Explosive cfficiency I8 a
percentage of mechanical to thermal energy, which s at its maximum
when water-melt ratlos are between 0.3 and 1.0 (Wohletz and
Sherldan, 1983). ‘The cfflclency of fragmentation Increases with
explosive energy and the degree of water superheating,

Onc Important measure ol explogive cnergy and water-melt
ratlos I8 the amount of Nine-gralned ash I pyroclastic deposits ("Fine.
gredned" (s < 62,6 um). The Increased melt surface aren caused by
efflelent fragmentation promotes highly cfficlent heat exchange
between water and melt, More glass (s produced beeause the purticles
are rapldly ehilled.

Flgure 11 (from Wolhletz and McQueen, 1984) shiows one of the
models that can be used to interpret our data [rom La Mesita maar, As
{s shown for the model, rising magmo encounters het-surface ground
watery  water I8 vaporlzed und magma and basement rocks are
[ractured and fragmented, Progments [rom thig level of mugma-water
l?teractlon are composed of chilled juvenile pyroclusts and lthie
clasts,

Flgure 12 shows the variubles that can be used to relate the
deposits to the model shown fn g, 11, The volume of fine-grained
glassy pyroclasty In the deposits Is a measure of the amount of weter (1
the syslem. The wnount of lthie clasts (from rocks underlylng the
voletino) reflect the slze, permenbllity, and volume of water withia the
agquifer that comes Into contaet with mogmu In the vent, Voleanle
lithic clasts (crystalline) are o measure of the magma/water ratlo 1
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the system. Using these three parameters, we can deflne four flelds,
based upon clast components in hydroclastic deposits (Fig. 13).
Preliminary estimates suggest that (n the lower part of the La
Mesita maar, the flelds move from C to D (high magma Input and low
to high volumes of water, Higher In the deposits, the flelds alternate
between A and B, which suggests enlargement of the vent area

(Increasing basement lithic clasts) and less magma input relative to
the volume of avallable water,

Fig. 11, Model of hydroclustic (phreatomugmutic) cruption (from Wolletz and

McQueen, 1984);  exploslve magmu/wuier Internctions are occurring within o
shallow aquifer,
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Flg, 12, Variubles thut can be used BL
to relute muar deposhts 1o the model
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Flg, 13, Four fleldy lor
hydroclustic deposits,bused
upon component  clusty
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gee Flg, 12 for explnntion,

In the lower hell of the La Meslta deposits the loyers occur s
bedding sets, cach conslsting of a coarse-grained base and fine-
gralned top, We consider cach bedding set to represent o single
explosion of the eruptlon (sce Fisher an Schmincke, 1984, p. 348);
exploslons progress [rom low to high ciffleleney where some water
entered the vent, triggering the cruptlon and (racturing rocks
ndjacent to the vent, Subsequently, more water moves Into the area of
rising magma, We visuallze a rapld, progressive bulldup of released
energy, higher cruption columng with assoclated surges, and greater
production of flne-grainied ash,

Near the top of the manr deposits lithic clasts {rom basemett
rock excecd those derlved from the vent, but there are still
alternation betwveen coarse- and [lne-geained (and glassy) hydroclastic
tephra, Thus, these bedding sets are still characteristic of the same
transport and depositional style, but enlargement of the vent results In
o greater propottion of bagement ithie clasts, WIith continued
cruptive activity anhd constructlon of & voleanle tufl ring or cone, the
hydrovoleanic activity ccases, followed by magmatie, Strombolion
eruptionis, One hy{zothcsis explaining these changes (s that {ractures
arc closed by chilled magma ulong dike marging us the vent s
enlarged, closing off Inflow of ground water,

Another hypothiesis ts that vesicle growth glves higher surftce
area within rising magma, which promotes efficlent Interaction with
external water,  Hydrovoleanism (s absent where pyroclastic sections
are greater than 100 m thick, Vesicle growth (n muany basaltle mn;lz-
mas typically accur at depthy of <100 m (Melken, 1971), It I8 possible
that the condult pressure Increased us the tufl ring grew to the polnt
at which veslculation was Inadequate to promote Interactlon with
ground water at depths >100 m and the eruptlon ended with
strombollan actlvity and fllling of the crater with a lava lake,

Buckman Maar

An oval, 1 % 1.2 kmy, 160-m-high mesn, located along the Caja
cdel Rio, 2.2 km SE of Buckman crossing, Buckman maar (unofficial
name) {8 an eroded maar topped with deposits of scorle and bombs
and a basaltle lava flow, The summit is most caslly approuched from
the east, along a trall (rom Buckman Road. ‘

The general stratigraphle sequence conslsts of massive, block-
bearing hyalotull, overlain by well-bedded orangish-brown hyalotuff
{mostly plane beds), Interbedded with the well-bedded tulls are
blocks of pink, fine-grained sandstone, up to 30 m long, Dlkes cut the
tuff sequence and were feeders for the lava lake and flows overlying

the maar, A lava flow capplng the mesa south of this maar has an age
of 2.3+0.1 Ma,

White Rock Cunyon 112693 19




Beginning of Float Trip (distances are measured from Buckman
crossing)

0.0-8.0 km

Buckman Crossing to the mouth of Water Canyon (west), This
Is the widest section of White Rock Canyon (2 km to 2.4 km wide) and
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, 36 m thick, that record damming of the river
sometime before 150 Ka,
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Flg. 14, Steatigruphle seetlon, Mortundud Cunyon (west slide of the tlven
clevations In  leet),

Mortandad Canyon (west side, 1 km south of the crogsing), 18
little modlfled by slumping and contalns a well-exposed sectlon of
rocks typical of White Rock Canyon (Fig. 14), This sectlon Inecludes
76 m of sandstones and conglomerates, which are Intertongued Santa
Fe Group sedimentury rocks (metamorphic and plutonle provenance)
and Puye Formatlon {voleanic provenance), and ancestral Rio Grande
deposits (Totavi Formatlon of Waresback, 1986),
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Overlylng this are 140 m of lavas of the Cerros del Rlo with
some Interbedded viver gravels, The lower third consists of basaltie
andesite flows and some scorla, the middie third s o lava delta,
conslsting of Interbedded palagonitized hyaloclastiles and plllow lavas
(the foreset beds of the lava delta Indleate flow from west to cast):
these appear to have flowed Into one of the lnkes {ormed by damming
of the Rio Crande by lava flows or slumps, The upper third of the
basalt section is a musslve olivine basalt flow with well-developed
gglumneu‘ Jointing near the flow top, which has a K-Ar age of 1.8+0.1

. .

The section Is overlain by members of the Bandeller Tull,
(ncluding the Guaje pumlee fall and distal Otow! {lower) Member (1.4
Ma) and Tshirege (upper) Member (1,0 Ma),  Paleovalleys and
palcocanyons cut Into the Cerros del Rfo basalts, west of the Rio
Grande, are partly filled with Bandeller Tufl} most of the canyons sgeen
toclay are resurrected paleocanyons,

North Ene of Sagebrush Flats (Immedlately south aof the
crossing, east slde of the rlver) The ridge immediately south of
Buckman Crossing Is modifled by slumping, but a sectlon of about 140
m can be pleced together. It consists mostly of Intertongued sand.
stones and conglomerates of both the Santa Fe Group and Puye Forma-
tion. This s the only locatlon In the canyon where the Puye Formation
crops out east of the Rio Grande., Ollvine basalt flows are expased In
the middle and top of the section (Fig, 15).
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Southwest Sagebrush Flats (6 km south of the crossing, east
stde of the river), Thirty m of Interbedded sandstones, cinders, and
phreatomagmatic tulfs are exposed below the base of a paleocanyon
that Is partly ftlled with 100 m of the Tshirege (upper) Member
lgnimbrite of the Bandeller Tulf (Flg, 18), Thig Is one of only three
or four places In the canyon where Bandeller Tufl lgnimbrites are
preserved on the canyon's east side,

Chino Mesa and Montoso mactr (7,9 km south of the crossing,
east slde of the rlver). Most of the 210 m of section exposed here
conslists of Interbedded phreatomagmatic tulfs, thin basalt flows and
an andesite flow (Fig, 17), The andesite of Montoso Peak |3 exposed
along the Canyon for nearly 10 ki, and may have been a major unit res
sponslble for one of the episodes of damming the Rio Grande,

The Montoso maar {8 located in a side canyon (east side of

river), 2.3 km due north of Montoso Peak, Aubele (1878, 1979)
Interprets this as
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Flg, 17, Strutigrnphic section, northenst
Chino Muesn  eust side ol the river elevations In feet),
Thiy section 1y representutive of the steatlgeaphy ol (he
Cerros del Rfo,

the dlssccted throat of a collapsed mawr, The amphitheater-shaped,
inward dipping tuff beds of these phreatomagmatic deposits overlle
well-exposed talus deposits and show no evidence of collupse, It 18
possible that thls maar was erupted (n a paleocanyon, coating 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 flows. The
tc]anyon-mllng tufl deposits were later cut by dikes feeding younger lava
ows,

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, These roads should be tackled only with

vehlicles having high clearance and passengers with tough kidneys (see
fleld trip gulde 8A, Day 6, Stop 2).

Chaqueh( anc Frijoles Canyons (west stde of the River, 12.7 km
south of Buckman crossing). While floating down the river between
these two canyons, notice the interplay between the ancestral Rio
Grande and volecanic activity, exemplified by deposits that are well-
exposed in the western canyon walls, There are several maar volca-
noes, each 2 to 3 km in dlameter (reconstruction): their distal surge
deposits are visible, interbedded with thin tholelitic basalt flows, many
of which are overflow {rom crater lava lakes within the maar craters
(Fig. 18), These maars and lavas were cut by dralnages from the
Jemez volcanic fleld, which In turn were filled by the thick andesitic
lavas from the Cerros del Rio field, cut agaln by streams in resur-
rected canyons, partly buried by canyon-fllling Ignimbrites of the Ban-

deciler Tuff, then cut agaln by streams to form the canyons visible
today.
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Flg. 18, Steatigruplie sectlon, Immedintely south of Chuquehul Cunyon  (west
slde of the rivers clevallony In leet).

Steletrlp up Frijoles Canyon to Bandeller Nattonal Monument
Headdquarters,  Thls well-used trall Is within a national monument;
I

A walk of 1.5 lum up*(north) Frijoles Canyon to Upper IMrljoles
Falls will take you through a well-exposed section of these fiaar
voleanoes, The uppermost of these maary can be walked (from its
distal margins at the Rio Grande to Its thront at the upper falls, where
the crater is lilled with scorla deposits and crater lake lavas (Flgs, 19
& 20). This maar is about 3 km In diameter and 30 m thick at the
crater rim. It Is overlain by thick aiadestte flows that wee probably
[rom a vent located cast of the river,

North of Upper Frijoles Falls (and up section from the river),
there Is a clnder cone exposed to the cast of I"rljoles Canyon, above
the flats above upper falls, ‘This line of vents Includes another large
cinder cone, located along Highway 502, 2,3 km north of Upper Falls,
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Fig, 19.  Exposures and reconstruction ol the mait voleuno at upper Frijoles

Fulls, Frijoles Canyon (west slde of the river).

As was mentloned carller, those vents near river level (and the water
table) formed phreatomagmatic tulf rings, whereas those about 100 m
above the river were erupted as cinder cones, Another Interpretation
Is that the cinder cones were crupted later, after deeper inclsion of
the river canyon and lowering of the water table,
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Frijoles Cunvon,

Above Upper Frijoles Falls, the canyon broadens and you can see o
well-exposed paleocanyon along the northenslern canyon wall, which
Is Tllled with upper member Bandelier Tufl' fgntmbrite.  Frijoles
Cunyon wus also led with Bandelter Tull, but much of the puleo-
Frijoles Cunyon has been resurrected, leaving only patches of tulf
clinging to paleocunyon walls, A8 you continue up the eanyon, the
basaltic lnvus of this puleocanyon are esposed along the trudl,

As the tratl beging o climb aguin, toward e Bandelier
Headguarters, {t pusses through nonwelded Igntmbeite of the upper
member of the Bundelier Tully There ure no Plintan pumice full
deposits ul Lhis Jocation beeause the upper member pumice depostt 19
located northwest ol the Valles culdera,

When you have reached the Hendauurters visitor center, enjoy
the muscum and well-preserved ruins, Ask al the visitor center about
other geologicn! (rull guldes,

Frijoles Canyon to Lumimis ane Alamo Canyons (17 to 17,9 km
south of Buckman Crossing, west stele of the rver),  his streteh of
cunyon conslsts ol mostly busaltic and undesitie luva Nows, with some
interbedded prosimal phreatomuginntic tifly, These rocks were cut
by cunyons thut were filled by tgnimbeites of the Bundeler Tullt some,
but ot ull of these canyons have been resurrected by erosion,

Severul ol the bagalt Nows of the Cerros del Rio nre underluin
by the lower member of the Bundeller Tufl (1.4 Mu) and overluin by
the upper member of the Bundelier (1,0 Mal,

Arroyo Montoso enters (rom the east | ki upstream from
Alamo Cuanyon.  There ure thick (=100 m), nearly continuous
esposures of course phreatomogmutie deposity, dippling dikes, o
nterluyered busalt flows for 1,6 ki up the arroyo from the Rio
Grunde, The busaltie sequence 18 cupped by upprodimutely 80 m of
nimbrite lower Bandeller Tulf?), which He beneath w glnssy Ceprroy
del Rio undesite [low,
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Quaternary gravel deposits,containing clasts >4 m in ciameter,
crop out 30 to 50 m above the Rio Grande downstream from Alamo
Canyon. These gravels are older than 150 Ka and may have been
deposited after breaching of landslide dams located upstream.

Alamo Canyon to Sunchez Canyon, Along the canyon for 2 km
downstream [rom Alamo Canyon, the river cuts trough another maar,
Diatomites are Interbedded with the phreatomagmatic deposits ecast of
the canyon. Flows of basaltlc andesite and andeslte from the Cerros
del Rio cap these deposits, West of the river, thick cxposures of
proximal phreatomagmatic deposits crop out in ellff exposures and le
benecath Ignimbrite (Bandeller?) and basalt flows. Interlayered mid-
Pliocene cobble gravels and basalt flows lle at water level over much of
thils reach, and pink arkosic sandstone of the Santa Fe Group is
exposed beneath the gravel at several locations,

Between Sanchez Canyon anc Rlo Chiquito (22,5 km south of
Buckman Crossing). Faults extending north from the La Bajada fault
(and escarpment) cross the canyon through this section. 1f 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
Domlingo Basin and opens into the maln part of Cochiti Reservolr,
There i{s no evidence for movement along these faults during the
Quaternary. Several basaltic vents are located along these faults, but
none have been mapped in detall, Scattered patches ol distal lower
member (Otowl) Bandeller Tull ignimbrite are interbedded with
basaltic lavas and tuffs of the Cerros del Rio,

As the Rio Grande turns to the ESE (mouth of the Rio
Chiquito), the cliffs on the north bank consist of a 35-m-thick scetion
of hyaloclastite, The deposit conslsts of orangish-yellow tufls and
highly veslcular bombs, Large bombs increase in number relative to
matrix untll there Is no matrix and the deposit consists of agglutinated
bombs that have flowed as rootless lava flows. The largest bombs are
1.3 m x 0.3 m; all are very veslcular, with vesicles up to 1 ¢m in
diameter. Smaller clasts are bomb fragments. The yellow-orange
matrix consists of coarse ash, lapllll and small bombs; bedding plane
sags are common, The tulls are cut by a basaltic dike with an attitude
of NIOE: this grades upward into a scoria deposit.

Turning toward the south agaln, the river cuts through another
maar deposit consisting of well-bedded pale brown coarse to medium
ash and lap(lll, Beds are 2 cm to 10 cm thick, with ripples, dunes,
and bedding plane sags. The well-bedded deposits consist of mostly
lithic clasts, Including fluvial cobbles and pebbles, Overlying the well-

bedded tuffs Is 15 m of massive to poorly bedded volcanic breeela, in-
terbedded with yellow tuff,

Boat Ramp, Cochit! Reservolr (27.5 km south of Buckman
Crossing).
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From here, It Is possible to exit the canyon and river via
Cochit! Pueblo, La Bajada escarpment and Interstate Highway 28,
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