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Abstract—Thy paper descrides thw early Pleisiocene of the northers and central Pajanso Plstess 2res
pvoe 10 the arwption of the Owowt (161 Ma) and Talurege (1.22 Ma} Members of the Bandetier Tufl. and the effects
of these eraptions on the sdicapes. Borshols and surfuce owicrop dats were used 0 prepare pretimnary pre

de?ﬂvmmumwmdmmhumwTw
Members. The caseral pant of ths ares was occupind by & brosd SSW.trending valley prior 10 erupton of te Qtown
Member. This sarly Plesstocens valley was fisaked on the west by deeply dissected volcsaic highisnds of the S«werra
de los Valles and on the sast by 2 low north-crending basaltic ridgs that s:ood approxiemasety 500 ft higher thae the
valley fooe The basaltic ndge was s westorn extension of the Cerros del Rio volcanic feld that was largety buned
by the Baudelier Tufl. Gravicy data and the lithology of e upper Santa Fe Group sugpest thas the earty Plexssocene
valley overties a Ternary graben on the western side of the Espafiols besia. ia turmn sugpestng ae mberned seruc-
nral control o valley locanon. Deposttion of both the Otowi and the Tshirege Members significanty changed the
tandscaps: subsequent drmage chennels wers commonly strongly oblique 10 prior chanasis aadf jocally were
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superimpossd on pricr bedrock highs. Funwre

mouisoring weils svaioating the neture and sxient of percied ground
water symerns banesth the Pagarito Plasess, and tarpeting specific

ic horipons associzied with these

paleceopograpinc surfsces. should consider the flow paths controlled by thess buried landscepes.

INTRODUCTION
This peper describes the early Pleisiocene landscapes of the northern
and central Pejanito Plaseas prior 10 the eeuption of the Otowi and Tshirege
Merabers of the Bandelier Tuff, and the effiects of these eruprions on the

__ isndscapes. Data presented were compiled wo guide geohydrologic invesu-
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face in some areas, within the Guaje Pumice Bed or in basal ignimbrites of
the Omowi Member, and above soil horizons developed on wp of the Plio-
Pleistocene Puye Formation. I at least oae iocation. a perched water body
comains messursble concentrations of ritium, demoastra-
mng recent recharge to 3 depth of at least 300 ft (Broxton et al, 1995). In
sddihon, we suspect that tephras end volceniclastic sediments of the Cerro
Toledo imerval (Broxton and Rencau, 1999), occurring between the Otwowi
s Tshirege Members, may also Jocally perch water Because Cerro To-
Sodo stratified beds would be the first signi perching layers encoun-
sered by infiltrating water beneath much of the Pimesa, the paleogeogra-
phry associnsed with this anit is also important in the evaluation of potential
submerface contaminant ransport. Placement of futare ground water char-
acterizagion and moritoring wells will be guided in part by estimaring the
pradiemt and direction of ground water flow in posential perched zones
syeociated with these tuned landscapes.

Dransield and Gardner (1985) originally prepered pre-Bandelier struc-
mre contouz and bedrock geologic maps for the Pajarito Plateau, based
o borehole dsta svailable &t the time and the geologic map of Griggs
(1964). Orer tsaps revise their work and extend it to evaluste the pre-
Tehirege landscape, incorporating more receat borehote data and exten-
sive field checking of the base of the Ocowi and Tshirege Members. Al-
though our nnderstanding of the buried earty Pleistocene landscapes will
tmprove a5 dats from funsre core holes become available and following
more detailed examunation of auicrops., we believe that the gvailable data
reveal many of the significant features of these palectopographic sur-
taces and shouid thus be useful in the siting of fusure ground water moai-
oring wells. in addition, this work atlows an evaluation of how the land-

=us scape was affected by emplacement of Otown and Tshirege ignimbrites

and suggests some relationships between the early Pleistocene

palootopogrephy and the structucal evolution of the Pajanito Platess area.,

METHODS
The sructare contour maps and pre-Bandelier geologic map were pre.
pared using surface outcrop and borehole data, located as shown in Fig-

of the area where the base of the Otowr and Tshirege Members are exten-
mw&mmmwmmnm(mm 1964
Smith et al.. (970; Goff, 1995: Reaesn et al., 1995; Dethier. ig press).
most sites (Figs. 1, 2) were field checked, and the altitude of the contact
was determined using USGS or NADS) topographic bese maps. hand
Jeveling, and/or an altimeter. A few cootrol points were sakea from Griggs
(1964); these points were repioted on s NADE3 wopographic basc sfter
confirming the location of the contact on high resolution ortho-

In some piaces where the base of e Tshirege Member 13
oot exposed, the lowest exposures on canyon walls were nsed to provide
maximum-limiting elevational control.

The clevation of the pre-Otowi ~.d pre-Tshirege surfaces was sssumed
to correspond to the general present land siiiace in arcas underiain by
basalt nesr White Rock or by Tschicoms Formation dacite near Los Als-
mos, excluding narrow canyons (such as Pajarito Canyos throagh Whise
Rock) which are likely post-Bandelier featares. This assomption is rea-
sonzble because the lava flows underlying these areas sre resistant w0
erosion and probably have been relstively little modified in the fast 1.61
Ma. Furthermoce, large parts of these sreas were covered by the Tehurege
Member of the Bandelier Tuff, which prevented erosion of these sur-
faces for much of the last 1|22 Ma

Subsurface data were taken primarily from the comprebensive compi-
Iation of geologic Jogs of Los Alamos ares boreholes by Purtyman (1995).
Additional subsurface stratigruphic information was taken from Broxson
et al. (1995) and Gardner et al. (1993), and from unpublished geologic
logs of recent boreholes drilled for the Los Alamos National Laborasory

Isopach maps of the Otowi and Tshirege Members were prepared from
the same data sources as the structure contour maps. To minimize thick-
ness variations resaiting from post-Tshirege eromion, borehole or omt-
crop sites were climinated from the Otowi isopach data set if the Tshirege
ber was exposed to erosion for 400 ka before the Tshirege Member was
erupted, the Otowi isopach map represents the estimated thickness of the
Orowi Member prior 10 erupton of the Tshirege Member rather than the
oniginal thickness. lsopachs for the Tshirege Member are based on mes-
suremeats a1 mesa tops, thus minimizing the effects of erosion on esti-
mated thicknesses. Nonetheless, the Tsiurege Member has beea exposed
since its emplacement, and uppermost twmifs on mesa sops bave beea eroded
to varying degrees over the last 1.22 Ma. Therefore, the original thack-
nesses of the Trhirege Member were certainly grester than shown.

PRE-BANDELIER BEDROCK GEOLOGY
WN-MMWMNM-W‘DMMYU@
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POURE 1. Lecation mep of the Pajacio Plisean showing the dats poiats usod 10 constact the pre-Otowi structure contour mep is Figure 4. Drill kole sites are indicaed
Ty solid Wiark decies snd outcrop sites ave shwwn a8 shaded dismonds. The sumbers aost to the symbols indicate the elevation (in fout) of the pro-Basdefier surface 5 ths

siw. Sovsihnie sames wv underiised.

19705; Deanslicld and Gardner, 1983} From west 0 east, they are the
Tachicoms Fermatios. the Puye Fonnation, sad basaltic rocks of Cerros
duf Rio. Southwent of the sudy ares, the Sants Fe Group and Paliza
Canyos Fonnetion also forzaed pre-Bendelior bedrock exposures aear
St Poiexs Dune,

The ‘Tachiconaa Formnation consists of dacitic wo thyolitic lavas that

overiapping domo i the Sierrs de
ks Vidies 3 0 7 Ma (Qriggs, 19564; Doell et al, 1968;
Ganluer ot ol., 1985} Lova flows from the distal parts of these doms
exend under the westers part of Los Alamos, where they are

with the Poys Formation (Portymus, 1995).

" The Puye Foreation (1.6-4 Mx Twheville ot al., 1989; Spell et al.,
1999} is a wicanogenic aligvial fan deposic shed eastward from the
Techiccans wicsnic highlands. Prior 0 deposition of the Owowi Mem-
beg, Gho Peye Formation was sxpomd is s NE-rending belt of

peimmtly
o zm&m&hﬁlﬂﬁnmﬁbb

suvew bands of sllavinm slowg the pre-Otowi stream channels.
of poocty somed beuiders, cobbiles, and
1964;

ooy intesbedded lapilli suff bods snd labaric deposits (Griggs.

7 amsback asd Turbeville, 1990). In outceups sloag the Rio Grande, the

Puys Foomeien siso contsing basaltic debris derived from comempors-
e vollcanisn and orosion of the Cerros del Rio volcanic feld.
“The beumalsof Carvos del Rio (2.3-2.8 M, Manley, 1976, 1979; Bachoren

.med Mecbmare, 1978; WoldeGabrie! e al., 1993, snd this volume) include

basalzs, and hewsiites erupeed from vents cast and west of the Rio Gowmde
{Aubcle, 1978, Baldridge, 1979; Dethier, in press). The sanin part of the
volcanic field Bies east of the Rio Geande, bot outcrop and bosshole dus
indicme that & major exacasion of the volcanic field is buried beneath the
BandefierTuff on the Pajarico Plasesu (Fig. 3). Cerros det Rio basalts formd
waface aucrops & S west 33 borehols PM-S (Fig. 1), and they were
buried by Puye deposits even farther 1o the west (Fig. 3).

The west side of Whise Rock was a besaltic wpographic high prior wo
eruption of the Otowi Member. Wem of Whine Rock, the uppermost ba-
salt flows, including those buried by Puye Formation faagiomerssss, syy-
wmatically decrease in elevation from east o west. The bamales
decresse in elovation from 6500 & sear Whise Rock 90 6320 & ia bove-
hale PM-4, dencath the morth-cenirs! past of the Pajarieo Plasess, sad o
maummnmxmnuwma
planeau. Basalts dip eastward from the crest of the basaltic high sowands
the Rio Grande in the castiern past of Whise Rock.

PRE-OTOW] LANDSCAPE

Sm'eonmf«dnbmdmwmmm-h
peleotopography of the Pajarito Plascon ares at about 1.61 Ma (ages of
Bandelier Tuff from izett end Obeadovich, tmthnm
of the Osowi Member, and reves! 2 landscape that was sigaificandly &if
ferent from that of wday (Fig. 4). MHMMMu
8 bigh E- and SE- dipping wsbictand disseceed by semerous deep can-
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PYGURE 2. Location smap of the Pajarito Plscas showing the data poiats wsed 10 construct the pes-Tshirngs ssructure comour smap e Figere 6. Drill hole sixes are indicased
oy solid black ciscles sed o acTop sises ar showe at wiangies. Sites weed to constrain the maxisem elevation of the Tehireg: basal contact (where the baet is a0t exposnd)
s marked by “x”s. The ssmbers nexz ¥ soms of the symbobs indicaie the elevszion (in feet) of the pre-Tehirege surface az that site: only scleced deea e shows flor aseae

with 3 high dessity of aenwrcmcats. Boschole sames sre aaderfined.

yous, mach of the satnt ares was occupied by & broad SSW-dnaining
s ’““mw% Gﬂdner
ixg peo-Bandelier valley was by and
%huummuwuumwum
dimectnd volcanic highlands of the Sierva de los Valles which rose ~4300
2 sbove the valiey floor. The east side of the valley was separaied froem
the ancustral Rio Geande by the basaltic highiand west of White Rock
that :00d approximetely 400 A highar hes the valiey fioor.
The gverall shape and orientation of the Pleistocess valiey is {airly
well constrained by surface and subsurfacs data, The valley was about 4
i wide, hadf 8 minimean: leagth of 6.2 mi (Fig. 4). and exseaded from the
ponsum L.os Alemos Canyos o the nords a1 feast 1o Frijoles Canyon o
S souh. An E- 10 SE-dipping sorface of low refief bousds the north end
of the velicy. This surface is wnderizin by the Puye Formation, and prob-
shiy mprevents the wpper aggradetionsd limit of an alluvial fan complex
shed from Techicoma Formation domes in the Sierra de los Valles (e.3.,
Warsebeck and Turbevilic, 1990).
. The southwest flank is poorly charscierized compered to the rest of
the valley. Fow decp wells provids control in this area, and critica! field
reimions are covered by the Tshivage Momnber However, data from bore-
bole SHB-3 (Gardnte ot ol., 1993) and from the cast slope of the Siema
o jos Valles provide some construings on the location of the west side of
the valley snd indicste that the valiey sais must be near the location
shown in Figure 4.

Earty Pieistocene canyons of te Sicera de los Valles as far sorth as the
hesdwaters of moders Rendija Canyon spparently dreined eastward and
southeastward into this pre-Bandelier walley (Fig. 4). Swreans eoacring
the valley probably merged into a master drsinsge that fiowed sovth fo-
wanis the Rio Grande. Undoudtedly, smalier west-{lowing drainages
emptied into the valiey from the Jow N-trending besalt ridge 10 the east
as well, However, this inferved finer-acale sopography cas not be resclved
with available data.

The earty Pleistocene topagraphy of the cast flask of the Sierra de los
Valles hightands was probably lintle different from thet of the mididic and
upper parts of the range todsy. Erosional remmants of Bandetier TulT are
found in many of the major canyons and on the lower slopes of the Sienrs
de Jos Valles, and the contact betwoon the Bandelier Tuff and the dacitic
lsvas of the highlunds preserves a record of the pre-Baadelier
palootopographty. The distribution of these remmants on canyon ficors
and walls g3 well a8 00 cast-sioping surfaces indicase that the Jocstions,
sizes, and shapes of canyons at the tirae of the Ocowi erugtion were prob-
sbly similer to those of sodzy.

A north-trendiag strucearal high northwest of the valicy is an esstern
outlier of thick Techicoms Formation lava flows exposed oa the sorth
wall of modern Puehio Canyon (Fig. 4). These teva flows form & nervow
ridge bounded by the Rendija Canyos and Geaje Monntain fals (Fig.
3). suggesting a tectonic infiuence on the palcotopography. Although the
spparert redief of this buried ridge was eshanced by post-Ovowi fauiting,
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wmmmmmmum 1987) ars shows for comparison. The dashed biack Hoe shows the

Qaviogis may onlt Sexfnsicns (Criggs, 1964; Smith ot o, 1970) were also used 10 map the exant of Sedeock waics. The Jocations of mejer

oemern axseet of Caros del

R0 aasits bried bennats Puys sacirnants e e Pajarieo Platsss. Positios of eacty Pieistoosss Ric Grande (hoavy dashod fine) i from Reecss and Dethier (Sis voleme).

itx bzighn relstive 10 post-Tshirege fouking sagpeets thet this aes was &
topagrapbic high both defore st shor e Owe erwpticn.

The basaltic kighiand shove G500 ft vlevation near White Rock, which
separamsed the ensty Ploistoceos valiey feom the sncostrad Rio Geande (Fig.
4), mpsescats & weskrn exicnsica of the PSocess Cerros def Rio volca-
nic fiskd, sonet of which occmes east of the Rie Goande. This low N-trend-
tag ridge is probebly a fine of besalkic vents that extend from dw wast
side of Wikitz Rock 50 tvs viciaity of Mortandad Canycs and perhaps
farthor sotth. Vet facics Dmcaltic cinder and aggininme e ex-
posad waat of Wikte Rock and were reooatly escounsered in boreboles
5410135 anxt 54-1016 (LANL Envisoasssutal Resterstion Project, uapabl.
dans, 1995) (Fig. 1). Smich ot sb. {1970} showed s basaltic vent on trend
with Gus ridge as far sorth as Bayo Cazyce. The basadtic ridge was com-
pioacly buried by the Tehizege Memimez, ad &t bas no topogeaphic ex-
preusicn wday,

An iaclzsed palectopograpbic high souivwast of White Rock, between
sad Ancho Canyons, is & Plioceae bassitic cinder cone (Fig.
4. cinder cone. which st00d sbont 500 & sbove the valley 1o the
soriwest and 300 A sbove the earty Plotssouens Rtin Grande W the south-
ot was aimost complesely buriod by the Tahirege Member of the
Bandelier Tutf end bes Fetle surface expression odsy.

The sarly Pleistocese landacepe was grobably sxposed for a long time

peior © covered by the Owywi Memnbar, allowing the development
of stranyg 0ol) horizons is mumy locations. imeedizsly beneath the Ovowi
Mossber in Porbic Camyor, nesr the with Los Alssos Canryon

(Fig. 1). 20 cm of sandy s0il overties 3 o of stage 4 laminar carbonaies
(sl carboaste serminology of Gile o al., 1966), and carbosase-costed

clasts occwr in the upper | m of the underlyiag Puye Formation Clay-
late aafhe asion s o sl Sl Draren Rrwmneiom va 1 nx Adsencn Carveom 0

bovehole LADP-3 (Broxton et si., 1995) and is outcrops in upper Rendija
Canyon. Laminsr cachonstes are slso comman st the w0p of basadts in the
White Rock ares. Because of cheir spparesk widespread occurrence and
relatively impermeable amure, these buried sods msy be be respongible
tor porching of ground water in the Goaje Pumice Bed where ik overlies
the Puye Formation in Los Alxmos Canyon (Broxion et sl 1995) sad in
other areas.

EMPLACEMENT OF THE OTOWI MEMBER

Empiacement of the Otowi ignimbrite sheet largely reshaped the early
Pleisiocene landscape of the Pajarito Plasean Ignimbrites from e Jemez
Mountains o the west, moving under the taflvencs of gravity, saxvelled
dow the siopes md canyons of the Sierrs de los Vislles before merging
t the mountain from and sproadiag across the adjacent lowiasnd mress.
The ignimbrites lergely Glled n sapographic lows such as te pre-Owowi
early Pleistocene vailey snd smoothed oot the land surface. Jorming s
“nyhm-dimmhin‘ sheet that dipped geauly 10 the esat, southoest, wad jo-

sauth.

The isopach suap (Fig. 5) shows the distribution and thicknoss of Qweri
deoposils prior 10 coplaceawest of the Tshirege Member The map mey
teﬂea&emghdltwhmdmww-mmﬂpu\
ever, becaose of i3 poorly indurmed natare axd its exposure af the
face for sbot 400 ki, the Otowi Member was probebly exzeasively
muwwmrmmm»wmm
not be estimated.

Thick Owowi deposits are found in the noethern half of the SSW-drsin
ing pee-Bandelier valicy. These deposits are up s 465 & thict: in bore
hok: EGH-LA- (Fig. 5). snd mey represent topographically controlle
oomdine of the irmimhnins nesr the mouth of the carly Pleistocene Lo



- ey

329

FIGURE 4. Strwceare contour map (coatoar interval 100 f1) for the pre-Otowi surface bescath the Pajarito Platesn. Control powts ase shown for bareboles (sabid diact

circies) and oucTOP sites (Giamonds).

Alemos Canyon. Thick deposits (415 ft) of Otowi ignimbrites were also
ponetrated in borehole SHB-3 on the southrwest flank of the valley. The
SHB-3 deposits are adjacent to the aces where Cafion de Valle exita the
Sierra de los Valles, and they may represent an aproa of Otowi ignim-
brites piled up st the mouth of this early Pleistocene canyoa. Los Alamos
Canyon and Cafion de Valle were major draimages that headed in broed
passcs between the dacitic domes of the Tschicoma Formation prior to
the Owowi eruption, and may have sceed as funnels during passage of
ignimbrites from the caldera souroe o the west.

they are sbeent in the sres around White Rock (Fig. 5). These ignim-
bruses may have oventopped the basaltic ridge near White Rock, but, if
50, the resulting deposits were relatively thin and were eroded before
deposition of the Tsliirege Member. Ignimbrites skirted the basaitic ridge
10 north, resulting in thicker deposits of the Otowi Member in that area.

PRE-TSHIREGE LANDSCAPE

Soucture contours for the base of the Tshirege Member show the esti-
maad paicotopography of the Pajerieo Platcsu ares ot sbout 1.22 Ma
{age from Irett and Obradovich, 1994), and indicate si differ-
ences from both the pre-Otowi and the moders tandscape (Fig. 6). Al-
though some of the major pre-Otowi festures remained, such as the ba-
saltic high near White Rock and the SSW-uending in the soutbern
pert of the map area, their relief had docressed substancially and the north-
ern part of the early Picistocene valley had been buried.

The pre-Tshirege iandscape included outcrops of Tschicoma Forms-
thon dacite 1o the west and Cerros del Rio basaits 10 the cast, with exien-
sive areas of relstively low relicf where drninages had eroded into the
Owwi Member. Wi areas were occupied by stream
wrraces that formed between 1.61 and 1.22 Ma, indicated by alluvisl

: | iwtod snsitin vhea

;e fee ale e -

Cerro Toledo Rhyolite (Heiken et al.. 1986) and intcrvening buried soils
In other aress, inferred to be paleotopographbic draisage divides o
hillslopes, pre-Tshirege alluvizl deposits are sbsent and the Owwi Mem
ber is overlain cither by s sequence of Cerro Toledo pumice beds am
buried soils or by thin colluvial deposits. Local relief was spparentt;
much less than todxy, and, where well exposed 10 the north, the pre
Tshirege strearn valleys were typically sbout S0- 100 fi deep in arces when
modern canyons locally excesd 300 fR in depth (Fig. 6). Notably, be
canse the Otowi Member is entircly aoowelded in this arva, the pre
Tehirege landscape lacked the sharp mess-canyon Wpography that is »
prominent todsy.

The approximate locations of four major pre-Tehivege drainsges haw
been identified based both on the structuce comroor map (Fig. 6) d o
the presence of pre-Tshirege allnvial deposits #at contsin cobblcs am
boulders of Tachicoms Formation daciwe derived from the Sierra do ko
Valies. One large drainsge basin headed in the Tschicoma highlands nort
nd northwest of Los Alamos and included the beadwaiers of the mod
em Rendijs Canyon basin The axial channel of this targe drainage treade
southeast across what are now Bayo, Puchio, Los Alamos, and Sendi
Canycas before emptying inio the ancestral Rio Grande sorth of the Whit
Rotk basait high Another stresm, whinee headwaters spperently inchade
the modern Los Alamos Canyon headwaters, readed southeast acron
Pajarito, Potrilio, and Feaoe Canyons; alluvial deposits froem this strem
are exposed aloeg lower Water Canyon on the soctirwest side of the Whit
Rock basalt topographic high. Pre-Trhirege alluvial deposits along Jow
Ancho Canyon record an additional drainage northeast of the Phoces
cinder cone, and the active stream channel 3t the tme of th. “nitial Tshireg
eruptions was exposed ) one jocation, showa by fluvial erosion of &
besal Tsankawi pumice bed and basal Tshirege ignimbrite prior w0 en
placement of the main Tshirege ignimbrizes. The course of tis strem

hansarh the Platann i« nanely defined due 10 the scarcsty of suburfa
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e and the 0p of the uals is saschy tutcraps.

. dety, et tie structaee contour rasp (Fig. 6) seggests its headwaters in-
e cladiod the modern upper Pajarito Cacyon basin. A SSW-dnsining basin,
. infiessod hargely from subsurface data, is & subdued version of the major
5 gt valiey: its hosdwacers appescatly inchaded the modern Caficn
Vo do Ville and Waer Canyon watershods. Although the southers extent of
- thisdesiange is not cortain, dacite-rich peo-Tubisuge sllwvicm exposed in
-, Ase Casryon miey be sssocieted with this sazem.

e of s pom-Tehiregs drainages. The Tehinoge Member excoods 650 &t is
g s Do e s complcly Do, g e
" by sn ESB-vending post-Tshirege draluage systom. About 750 i of tufl
wasenphicnd in the srea of lower Chaquebui snd Frijoles Canryous, whers
the early Flainocene Rio Grande paleocanyos was slso completety bur
ol (Beneas and Dethicr, this volume), and the mfY is ot feast 850 & thick
L - o wpper Prijoles Canyos (west of the main stedy arse). In cootrast, the

* melf slvisenadd M vireuafle nothine over tha Pliocens deder cone, whoss

; spproxicste thickness of the Ocowt Mesuber of the Bandetior T\elY just prior woesmplecement of the Tehicegs Messher. Control poiass
2w ghwes for borsholes (solid black ciecigs) aad outcrop sles (discmonds). The sumbers next 00 the symbols indicase the thickases (in foet) of the Orowi Member,
Pernice Bed. Borshole aasans avs waderfined. A sasl! asterisk next o s boredyole same indictos the thicknets eas dewxmined from the bottoms of the

top forms & very low bill shove the modern mesa. The Tshirege Member
abo did not compiesely bory many ouscrops of Tachicomss Formation
dacise 10 the west and aorth,

Over most of the centcel and northern Pajarito Plaszon, e Tabirege
Member reached & thickness of between 100 and 4008 (Fig. . snd itis
typically thicker than wha is preserved of the Owwi Member Thick-
messes greater than 400 £ ace coafined ©0 the southwest pant of the stody
area and the Rio Grande thicknesses of less than 100 & are
confined o the aes of the Whise Rock bassh high, the Phiocens cinder
cone, and the Techicoma highlends. Notably, there is a generst doceease
In the thickwess of the Trhirege Member along serike 10 the sorth, snd
the top of the igaimbrise sheet has 8 more sastexly siope then the pro-
Tuhiregs landecape. As & reonls, 2 poss-Tshirege draizege nctwork was
established that is geaerally oblique 1 the esrfior channels, and the loce-
tions of the modetn canyons on the Platesn sppereacly have lede or
relation 10 the pre-eruption chaneele. Locally, the post-Trhiregs oy B
acls were superimposed ea pro-Tebirege paleotopographic hight, st
s Pujarito Canyon at Whise Rock.
ln::wm mb il

of the Tshiregs igaimbrites down paloocasyont
ia the Sierea de jos Valles. The ares of relatively thin tuff 10 the sorth
appoars © be & “shadow sooe™ behind high Tachicoms domes, whorses
the area of thicker tuff 1 the soeth would have beeo fed by ignimbrices
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FIGURE 6. Soucuars comsour mep (contow imerval 100 ft) for the pro-Tuhicege surface beneath the Pejariso Plaseas. Control poiats are shows flor bassholes (solid black
clsties) and ouacrop sites (trisagies). Sites meed 10 comts the suxium elovation of !he Tubirepe basal contact (where the bess is st exposed) we marknd by “x"u. Nowe
G Jocal palscsopographic relicf and iocation of buriod drainsges is knows with gremest confidence in areas whers the base of the Tshirage Mumbey is axposed in outcrop
{generally 1 the sast and aorth), acd bt vader much of te Platesn. dan are insufiScient t detiseate draisages. ln these apess (geacrally ©© the west and sowh), e

palscwopagraplty is undoubioBy more dissccsod s depicsed.

passing through Jow arest on the caldera s and travelling down the
peo-Tahirege Los Alamos Canyon and Cafior de Valle.

IMPLICATIONS FOR STRUCTURAL EVOLUTION OF THE
FAJARTTO PLATEAU AREA

Grevity data and the Ethology of the wppee Santa Fe Group suggest
that the SSW.rending pre-Otowl valisy of the Psjarizo Plascan is st least
in part & stroctursily controtied basin, a3 opposed ©0 simply an erosional
valley that formed between two cosstructional volcanic highlands. A sc-
sics of en echelon gravity lows ocour oo the west side of the Pajarito
Flatean (Buddiag, 1978; Cordell, 1979; Forguson et al., £995). Thess
gravity lows heve amplitades of over 4 mgsis and are defined by N- and
NNE-sonding anomalies. Ons of thays grevity lows occurs in the vicia-
ity of Lot Alamos. it bws 3 dumbbell shape with the targer, southers pant
overlapping the westemn flank of the early Pleistocens vallay (Fig. 8).
The west side of the anomaly coincides widh the Pajarito faalt zose, snd
the caat side sppears 10 coincide with the west flank of the Cerros del Rio
voicenic field (Fig. £). Forgason et al. (19995) inserpresed the gravity lows
a3 thick sequonces of low-density sedimentary deposits that accumu-
tated in nasTow grabeas oo the wesem side of the Espufiols basin of the
Rio Geande tift.

1t seems Ukedy thet the Jocation of the earty Pleistocene valley was at
| PORY 'l obula L Mow a

Mo bhas mmobualsd ) » Sem Banide

zone has been active from af least 16 Ma o the presest (Gestacr and
Goff, 1984; Gardner and House, 1987) snd sediments of Sama Fe and
Puye age may have accumutaied in this graben during much of this tieee.
The axis of the valiey lics east of the axis of the gravity low (Fig. 8),
suggesting that alluvial fans of the Puye Formation infilied
the graben from the wes, forcing the depositicaal axis 0 migrase %0 the
eant side of the graben.

The lithology of the cpper Santa Fe Group supports the isterpresation
of u graben under the Pajario Plasesns. Purtyrsmn (1995) described a wongh
of conrse-grained scdimacats at the w0p of te Senta Fe Growp C"Chagochmi
Formation™) that would allow the of high-yield, low-draw-
dowss wsier supply wells. The mough is laee Miocene in age (based aa
ca 9 Ma basalt flows imeriayered with the sodiments ia well Owwi-d;
SAL™Ar ages (A. W. Langhlia, wapubl. report for Los Alamos Naviosal
Laborstory, 1993); and its location coincides with the early Pletstocons
valley described in this paper (Fig. 8). This Mhoceas rough is sbowt 2.5
mi wide and extends at keast 7.5 mi from the nocthesst 10 the soutreest,
aithough subsarface data are act 2vailable w0 determine its foll length. b
is Blled with up o 1500 ft of coarse gravelly sediencaty, inclodieg volce-
nic, metamorphic, a0d sedimcatary clasts possibly detived from high-
lands 10 the sorth, cast, and west, The apperent pessistence of this depo-
sitions! basin from the Miocene into the early Pleisocene sugpesn that

i wmabac haonactls tha wnstmm wavt of the Duicetsn Dlosesse mene o bowma
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EXRIRE 7. isopach map showing the approxisas origionl thickness of the Tshirepe Mamber, Bandelicr Tid. Comyol points (solid black circies. with sdjecent aumbers
mdicating estimated thickness in fost) ave based o8 differoace between mess 10p clsvation and the estimated pre- Tahirege structure comtours, besed oa g, 6. No anempt
was sads 00 setinseee the thickness of wtf evnded fom the mesz 10ps, and the acoaal origisal thickness may geacrally be greser

lived featuce, althoagh the evidence is aot svailsdie to indicate when it
was imitiescd or if it recnained sctive into the Pleistocene.
CONCLUSIONS

The pre-Bandelier landscape benesth the Pajearito Platcauy was signifi-
contly difforens from thae of soday. Mach of the sres was spparestly domi-
aned by 3 3SWednining walicy flasked by dacitic highlands of the Si-
«rry da Jos Vialles oo the west aod by 2 Jow N-treading bassitic ridge on
the east. Paloocanyons of the Sicem de los Villes draised eastward to this
valloy whese the mountais stresms merged with s master drain-
age i flowed south sowaeds the Rie Grands. Dacise-rich gravels of the
Puye Formation occur within this valiey and also sadertic 8 broad allu-
vial fan 30 the north. Owicrop and borshole dass indicse that & major
extession of e Cerros del Ric voicasic ficdd Bes buricd beneath the
Bandeficr Tuff on the Pejerico Platsss. Curros del Rio besslts formed
wnfisce outryops as far west as the floor of the emty Pisistocene valley
and oxwonded even farther 10 the wert bomsath the Peye Formation.

Bropion of the Otowi Member reasheped smch of the earty Pleistocens
mwumsmmmm The gue thick-
noas of the Owwi Member afier smplacement cas 0ot be reconstructed
writh certainty becanse of its erocion prior 1 burial by the Tshicege Mem-
ocx. Howewee, the Otowdi igai to & chickness of st jeast

463 &t in the north part of the early Piciswocone valley and thinned east-
wasvic aoninst the hecaltic ridee.

A smaller SSW.dnining post-Otowi drainage was reestablished over
the southern part of the esrly Pleistocene valley, but a SE-trending drain-
age setwork was established over the porthern part and over the buvied
fan 1o the north. Where exposed in ouscrop, the pre-Tsbirege landscape
that developed on top of the Oswowi ignimbrites had retatively licde relief,
with drainage channels incised sbout 50-100 fioet below drainage divides,
and flenked by exmensive early Pleistocene stream tervaces that were
maatied with Cervo Toledo pumice deposits.

Eruption of the Tshirege Member firther alicred the landscape by com-
pletely burying the relict SSW-reading valicy and besahic highs 10 the
east. The Tahirege Member generaily thinned 3 the aorth, but the uppeor
comtructions] surface sloped wowards the east. The modern drainage sys-
wms developed on this new lsad surface have lintle relstion 10 the pre-
Tshirege drainages.

Gravisy data sagpest that the eardy Picistocens pre-Bandelicr valley is
uuhmuwmmmd.dﬁﬁmm
low in this sres supports the interprecation that the vatley was the sarfs
upmmdawbmuhm&cfmwmmﬂ
Pliocens-Pleistocens depositionsl axis ies east of the sxis of te graviey
low, poasidly because prograding allsvial fans of the Puye Formation
infilied the graben from the west and forced the sopographic axis of the
vadicy to migrate eastward_ The eximence of & buried graben in this arve
is also supported by the presence of & SSW-erending wough of coerse-
gruined late Miocene sediments at the top of the Santa Fe Group.
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PMCURE 8. Map showing the locatios of & larps gravity low (gray consours: costour interval 2 mgal: modified from Fergxson et al.. {999) bemesth: the Pajariso Plascas.
The pre-Bendelicr structire contour mep (donod limes; contour interval 100 R), the locations of major surface faaks (thick black lines), and Gie spproximate position of te
efewod lme Miocune trough (shaded mee; from Purtynzia, 1995) are shown for comparison.

ACKNOWLEDGMENTS

This work was fonded by the Exvironmental Restoration Project of
Los Alamos Nations] Laboratory. We thank Jered Socesby and Tom
e Vissie for their sssistaace in conpiling the Purtymun (1995) borehole
data in clectronic form sad Anthomy Garcis aad Doug Walther for pre-
paring the fizal maps. The ideas in this paper benefited from discussions
with many people, incloding Scott David Dethier, Jamic
Guardner, David Vaniman and Giday WoldeGebeiel. Soha Ferguson and
the Sumaner of Apphied Geophysical Experience (SAGE) program kindly
provided electronic copies of the gravity used in Figure 8. David Saw-
yer, James Stimac and David Vanimsn provided critical reviews of this
paper

Aubede. J. C., 1978, Guology of the Carros dat Rio wolcanic field, Santa Fe,
Sandoval, sad Los Alssos cowaties, New Mexico [MS Thesis): Albuqureque,
Univenity of New Mexico. 136 px

Bacheoan, G. O. snd Metmet, i 1, 1978, New K-Az dotes and the Lasc Plicoene
o Hoiecene geomorphic history of the cesaral Rio Geande region, New Mexico:
Qeologicat Sociery of America Bulletin, v. 39, p. 283-292.

Baldridge. W. 5., 1979, Petroiogy and petrogenssis of Phio-Pleissocens basaltic
socks from the central Rio Geande rift, Mew Menico, aad their relation w0 rift
sswctre: in Riacher, R. E. od., Rio Geande rift, wowonics md mapmatism: Amers-
uwmm 333183

ne ion O A cn-bn-.an-—nlmn—-'

drilling results for boreholes LADP-3 and LADP 4. in Broxaoe. D. E. and Eler.
P. G., eds., Earth science investigations for covironmental ressoration—{os Ake-
mos Natioaa! Laborarory Techaical Ares 21: Los Alsmos Naticas! Laborasory,
Report LA-12934-MS, p 93-109.

Brouton, D. E. and Renews, 8. 1., 1993, Seratigraphic socneactanere of the Bandelier
TfY for the Eavironmental Resinvation Project at Los Alemos Nationsl Labor-
sory: Los Alamos Natioas! Lsborssory, Report LA-13010-M8, 21 o

Budiing, A. 1. 1973, Gravity marvey of the Pujarian Plassam, Los Alemos and Sasse
Fe Connties, Now Mexico: Los Alemos Nationsl Laberasory, Repon LA-7419-
MS, 13p

Cardell, L., 1979, Gravirnewric cxpression of grabes faniting in Sants Fe County
and the Espaliols basie: New Mexico Geologacal Secety, Geidebook 30, p. 59-
64

Dethier, D. P, in press. Geologic map of the White Rock quadrangic: New Mexico
Bures of Mises snd Mincral Rosources.

Duell, R. R, Deirymple, G. B.. Smith, R L. and Bailey. R A 1968, Palcomag-
astiom, potassinen-argon ages, and goology of rhyolites and assncisted vacks of
mwmmmmm«muua
p-211-248.

Drassfield. B. J. and Gardrer, 1. N, 1983, Subswrfacs goology of the Pujarian
Plateau, Espafiols basin, New Mexico: Los Alarmos Natsoaal Laboratory. Re-
port LA-10455-MS, 13 p.

Ferguson, ]. F., Baldridge. W. S Braile. L. W_ Bichier. S.. Gilpia. B. and Jaracek,
G. R, 1993, Sowuctare of tw Espadols basia, Rio Grasde oift. New Mexso,
from scismic and gravity dax: New Mexico Ouological Society, Guidebuook 46,
p. 105-110.

Cisodnoe I N and Gl F_ 1984 Potassiom-areon dates from the Jemaez volcanic



BROXTON sad RENEAU:
Pertysmn, W. D, 1995, Osvlogic and indralagie iydrelugic sesonds of chesrvation wells..

-luu.-u-ﬁ. ﬂ%mmuum ™
LA-12385-M8, 39 p. &

a-.s.l..umna. Wﬁuydhh
MM\- MMMMWW

um c.s.mw-puus-u
», M, R Moot U8 Gt B Moo s
“?umtwu.mmﬁnmanm&“
- “Pff and Sen Dicge Camyon ignindwites, Jemes Scmas Mosutaing, Diew Menieo: tew-
wwaﬂmuﬁdm.cw
mu.n..‘ mnsnu&.mmmdi
.. whmmmmmmn,

”“&MM&WI&

‘-ﬁd tePuye
of Amarice Peliste, v 302, p. 208-314.
iel. 0. mnr_amn;mw
sodic volcanion gmmuun-bmmwm
'_,WWMJMM“W&’L

i ’ wsmmnnnmnﬁ.xmm
: \ uwudmhmmmuamw
m« mmmmmmu&nww
d..’“mculh ", m ud * ety, Guidsbook 47.




Oy mifby

SeCeive

By
A ..w.fw

g

S
&




g e —r v o 3,
e S SRR e
hoa . < B

s A SN S e S Rt

ey

 Day
Asscxtble st First Dy starting point, north side of Bernalillo
Lasch grovided

Astive in Los Alamos

wmumm Los Alamos; tours of nessby Los Alamos Historical Museum and Los
Alamos Lab Maseam

mm&mm%mmmum

mwr—swnq
’ Jm«mmmmmm

anh
Rmpl.mm
vnmm-tmmwmmm

Dl!
mammmm
mmmm
mmmumm near Cochiti Poeblo

ﬂww'mammmawmm

mnmnhmmwmu

o !‘h mm‘:hﬂwmht:muﬁnmutzhhlm‘rmmmu“hu-m&
ot e m :luh- soed (s o soniovel aymam:. or Sisasmined - wans, slecivonic. swciasicel. photcupying, sscofisg.
? waumumwmu - ind *




