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BACKGROtJNIJ 

The geolo~ir mapping project for the LANL ReSt'rvation' was ht•gun in April 1974. II was part of the Lahoratory's1 

waste mnnagement Program A-ll 5, Waste Disposal Site Studies. a program to satisfy re:;earch needs for waste 
management operations. 

Program A.JI5 was initiated in 1971. I was hired as Principal Investigator for rhe program. The program was one 
of sever;:al newly initiated waste management programs m:tdc possible by the l1. S Atomic Energy Commission's 
( AECJ' increased awareness of the imponancc of environmental/waste-m;magt~ment issues and by its increased 
willingness to fund such work. Prior to this time, such work at the Laboratory had been severely limited because of 
budgetary constraints. The st:ned 197.~ management~ goal was for the Labor:nory to become "an example to the 
n:llion in how waste management is done". 

The first A-tl5 program task was to provide liaison to the U. S. Geological Survey <USGSJ which w:ts under 
comrncr ro the AEC to evaluate facility monitoring practices. both past and present. In September 197J. 
evaluations were in progress or planned for all major AEC facilittes. 

Laboratory management accepted the USGS would find deficiencies in the Lahoratory monitoring program -- in 
particular. the ahsence of site-spec itic monitoring. At that time, the Laboratory's monitoring program addressed 
only the issue of whether contamination had left the reservation. 

Given the circumstances, management wanted the most favorable evaluation possible. Full cooperation with and 
:tssistance to the lfSGS was emphasized. J was to arrange access to any Lahoratory location and/or to any 
Lahorarory employee (past or present) and to find the answers to any USGS question. 

Very quickly all kinds of information deficiencies surfact!d. Many of these deficiencies had been unknown to or 
not fully appreciated hy Laboratory management. 

The USGS focus was on information for Materials Dispos:tl Areas A. B. C, D. E. F. G. and T which had 
erroneously been identified to them and the AEC as the only waste dispos:tl sites or the only sites of concern. Any 
information outside the boundaries of these sites was of no interest to the USGS even if the infonnation indic:lted 
the Labor:uory had not ignored a scientific or technical issue. Detailed disposal-site information. infonnntion 
necessary to establish site-specific monitoring. was not of particular interest to them either. Their task was to 
evaluate whether adequate monitoring existed -· nor to collect information on how adequate monitoring could be 
estahlished. 

By November 1973, a Laboratory source document (Rogers, 1977) was plnnned to compliment the USGS 
evaluation (Kdly, 1975). The source document's primary purpose was to provide information tn Uiborotory 
personn_el. Its sec~nd:.ry_p~tyo~~-.\V~s. _ro ~e~1onstrnte all Labor:. tory_ k_n_o~l~dge_ pe_rt_ine~r_ro ~~S.~e_-~a~age~r 

At tl1is :imc, the Lns Alamos Scientific La~>rawry 
Los Alamos S~:lcnti!'ic Lahoratory/Lns Alamos Natinnal Lah.>ratmy 
Suc,:ccdcll hy the Energy Rcscarc.:h and Development Allministratum <ERDA\ which was ~uc~:cctkd hy 
the U.S. Dcp;~rtmcntnf Energy <DOE! 
manal:cmcnt ur cnvironmcntal/wa.~tc-manaJ;cmcnt 



) 
oper:muns By the eml ot 147~. the neeJ tor :1 t.:otllllllJeJ dlurt 10 identify perllllcnt lu~toric11 or cuncru 

lllform:llton \~Js re~.:o~nucJ ERDA was told that the sour~:e document would he updall:J every 2 years 

The :.our\.'1.' dtlCumcnt 11ffr~·rarty ~:on:rcd ;~fl •nlonllallon dis..:mcrcd or dcvetopcd ht'fnrc January 1977 In fac(. 
mform:won wa!> collllllll:tlly upJatcd unulthc rt"port wcnl 10 press inlatl· 1977. Soun:c Jncumcnllllform;JIIt>n wilh 
early Jl)77 dates 1s. thl.'rdore. corrc..:t. Thl.' ~l'ology and (p,Jrology section!., however. ha<.,JLally rcpresell! 147-t 
knowkd~e :\1anagcrnt•nr would nor allow rhcsc sn·11ons ll> he updall'U to miJ-1977 knov. led Fe hec:.ause the 
~;c:ulogu; 111:1p am~ th~ a~.:;,;omp-.mym~ ~.:urnpn·tn:n~rw ~-l.'"olo~·ic report would hL' tim-;he~.t amt puhli~lll.-J in the 
munedwte future . .'\ev.. h:Jrohl~) studtcs wert' planned IIJr ;, uHnprl'hensJ\'t' ocv,. h)Jrolo;:) rq11ttt whtdl would 
abo tndudc: lhl' hydrology of the nc:w ~1.'olo~1c map umt~ 

In Dc:cem~c:r 197 3. the case fur the ~euh>~l:.: mapptng proJt:l't v.. a~ made 111 Cll\lronmcntal/wastc-rnanagcmcJH 
adnuntstr:llors :llld funllmg was secure hy April I !J7-l. The pracuce uf spot-rn:~ppin~. performed through the years 
hy a nurnocr of proli:s~tonab. was not \ Jcwcd <h a solutnlll to development of an adt•quatc monitoring program 
Site-speetfil· monllonn~. the c:uly-dch:ctwn sy~tcm fnr Cl\1\l:lllllll:tnt nugr:111on. and Laboratory-boundary 
nHmttorm:; v. ould need to he n\lcgratec.L The gculugic map v..as al~u viewed as pcwucnt to other environmental 
anlUm wa:-.h.·-mana~crncm studtcs a-.; well as to nt'Vv factlity sum~ 

GEOLOGIC MAI~PING I~RO.JECT 

Gt•uhJ~t.: ftciJ \\ll£1.. nullutuc:d lmm \1ay 1475 through December 19XU. The geolo~1~ tnappmg pruJect ) 
tlllerrnpted 111 c:arl) I 'I~ I hdorl.' any mca:-.tHI.'J :.l'Cihlll ... Wl'll' ..:ompkted. t :nu dcscnptinn~ art• ha ... cd m1 fil'ld nn'fl( 
numerous tidJ samples (colkctcd Juring mappin~). aud 111lormatton from the complc:rcd map Kdcrcnce!> l.'lh:d arc 
those u-.cd durinl! the )::t:olq:ic mapping projcct. fkik.cn t:l al < 19X61 :1ppears bl'cause the earl1er n:kn:ncc:s did not 
dl'-;i.·riht: the Cl'rto Toledo Rhyolite rulh. Additional field ched;.in~ of rhc color-proof map ~rt was done in May 
1111)4_ 

Associated Studies 

• 

• 

• 

• 

Jo1111 Study ( I '>7.1-IIJXU 1 -- Thh study co\ers th~ Pajariro Plateau in the victnity of l.os Alamos and LANL . 
Spt•t:tal t·m~h:15JS wa ... placed on collccttn?! JOllll data ncar waste disposal Sites. ·1 he swdy distinguishes 
rt.'l_!llmal tc:..:tontc .JOtnts from coolmg Jlllll!S Tccton11; .JOIIIIS may fl'pit'seJ,t a morl' important potentia! 
mt:;ration pathway than conlm:; joints A tntalnf 175 ~ Jlllllt readings were tak~n 
ha..:turc: F1lltngs Study ( IIJ7J>' -- Fractures 111 Ptrs 7 and 2~. TA-5-l Wt~n· examined. X-ray diflractior. 
analysis was pl·rfornll'd on samples frnm Fr:11.:turcs -n and 52. P11 7. TA-54. Mllllltllorilhmlll' and calcite 
wc:re the only 1rnponant sl'nmdary crystallml' phasl's pH·scnt The cthdw appt·ared Ill hl' relatively pure 
CaCO, A trace of low cnstohalllt' was :J"iSlH.:Jated with the hrown day whtch was prcdmmmmtl) 
mont mmi llonuc. 
Sc:condary Material Study (I '>77 l -- Sample~ of m;lll'rial dcpostlcd 111 or assooalctl wnh fractures wcH 
;m:tlyzed for !'a, K. Mg. Ca. AI, S1. ;mJ Fe plu~ any otiH.'r cations equal to or greatcr than 0.5'7i- (quantitatlv( 
spectrometry) and for CO,. SO,. and cornhined H}) (wet c.:hem or ht!st way) Tl'n !'amples of matl!rial frorr 
7 srcc.:imens were analy Led; .t of the samples f pink disulloralton, yellow d•scolorauon. hlack discoloratinr 
anJ background} carne from lht: same Pil 18. TA-)~ specimen. Li. Be. B. N;1. Ml!. AI. Si. K, Ca, Ti. \ 
Mn. Fe. :\i. Cu. Zn. Sr. 7r. Sn. Ba. Ph. Bi. CO,. SO,. and lip were reported in some or all of the sample!!. 
X-r:ty Diffr:tc.:tlon SeClmdary ~l:lterial Study ( llJ77) -· Nilll' s:nnples \Vere run from thl' 7 specimens used il 
the Sce•mdary \btcnal Study The ycllow-dt<.,colorl'd matl•rial was not run on the P11 I R. TA-54 spt·cimen 

J.Jl'lj\1~~ R Rcn:wh. s~w M.:XI(Il Bur~au nl Mtnl'\ anJ Mt11CI'ill Rl'\llllll'C~ 



Uot.b. ~lull" <;p~·~o·J.niCn~. JHIHit pk.lle:ltt aud !\IHith pb~L"all. wen: C<~C'O, The t'uy~ fJrn·e specunens, yellow 
d•scoluration and red discoloration. w~·rc orth~1da~e and urthoclas..:/trace hcrn:1111e rcspccttvcly. A red 
lra('ture f1lhn~ wa~ orrhodascltracc herna111e. A red-ur;mgc Ji!)coloration wa~ sanidmdcnstoholiteJhematltc. 
The 1'111 X. TA-5-1 <;ampks were all orthocka:o.c/hematHe with amount of hemallll' <kcreasrng from the black 
to til<· p111~ 111 the l.al.uu . .J.i-gra-)' nvn1-t:1l mH 

• Poll•du:d Tlltll Sc..:tlllll Study of Stratt~raphh.: sl'CIIOII ( 1()7X> -- Tlun section .. were made from I I Tshirege 
rod, samples Sl~k~o·ted to rl!present till' strari:;raplm: LOlurun. The followlll~ sarnpks were described: 2 -
uppn l nil A. 2 -- iower lin it B. 1-- upper U11it B. I -- llml~r Unit C. :.! -- lower l:nll D. I -- middle Unit D. I 
-- upper t:mr E. ;tnd I. -- lower l:uu I' Ortc Tshl£orna md. sampk wa~ al-so- ttnn sc-cnon~:d. Quartz and 
san1d1111.: w~:r~: id~:nfllied 111 all unit~. i)iop~mJtc pyroxene was Jdcmifit•d 111 all un11s except Unit D. This 
p11:1lnunary ~tudy d1J not idcrllity ;my ~1rik111~ Jdkrenccs in 1cxturc or rnincr;tlogy hctwccn Tshirege units. 

• Sa111dinl.' Ax1al An~le Study ( 197X)" -· hom the ahnve rhirr sections.~ were selt'cred A total of 72 crystals 
wcH: measured l'nm A. C. and E were rcprc!-.t'nlt:d by I slide each. Pnit B was represented by 2 shdes. 
and 1 :nit f) was r~:prc~enrc:d hy 3 slides. (Lni! f· w:~s nor intentionally urnltled. Work w:Js pcrfonned at a 
IIT!Il' whcu all srraugr;lpllll: rdauonslups had nor hcen Jefin~:d.) Then~ wa~ a systen • .:llic :-.mall increase in 
:tx•al ;m~k from older 111 younger !IIIIIs 

• .S:ulldlnc !\.fKroprohc StuJy ( 11J7X) -- 1\ tntal of UO mcasurcrn~:nts. aver;tglll;,: 5 tekbp.:.u: crystals per slide. 
\l.l'rC 111aJe on rite same slides as thn'>l' in the SaniJinc Axial Angle Study Core. nm. and intermediate area 
werl' rnt•asurcJ on most nystals. All mt·;,suremems md1carcd the fddspar w;as san1Jtnc. From unit to unit. 
no Jl.'t"milr\'<' ch:m~c" in till· 1'\a-K-Ca ratio p:tllern wcr~: ohscrvt•d. 

• <il'udtl'IIUstry Study ( 197~-1 1JXU> -- This was the study which successfully found a means of correlatu~ 
suh-~tulace mlorm:tlloll w1th oulcrop hom 5(1 loc:attons on rhr P:ajariro Platl!;IU, 142 whole-rock samples 
qn•manly T:-.hire~e. but including Otowi. Cerro Tokdo Tuffs. and El Catclel were analyzed for Na. K. Rb. 
Cs. \1~. Ct. Sr. !Ia. AI. S1. Sn. Ph. Ti. Zr. II f. As. Sh. Bi. V. Nh. Ta. Se. Mo. W. Cl. Mn. Fe. Co. Cu. Au. Zn. 
Sc. Lt. Cc. Srn. Eu. Th. Dy. Yh. Lu. Th. and U Total number of analyses was 2025 Discriminant analysis 
~llllWt:d th:ll X2.70f of known ca~l''\ WCil' Ulfrt.'l.'ll) classified using lJ. Fe. Th. and c~ values. 

• Banddicr "( ilass" StuJy ( IIJ71J-I'J80> -· A prehrn111ary study to ser if there wen: char.1ctenstic differences in 
th<' llltkx ol rdradHHl ol ~las~cs forllll'd hy 111clting the Bandelier Tuff T~:n sarnplrs (one e<lch from lhe 
(iu;tk. Oto\.\1. Cerro TPicdo Tuffs. Tsankawi. :111d Tshirc~c units A. 1.3. C. D. E. and F) were ground. placed 
111 platlllltm crucihlcs. and healt:J up to tcmpcr;nun.·~ of 172:'i'· (' All samph:s aprwan·d to form homogenous 
me-lts hl.'lorl' reaching 1725' C ex..:ept lor ullll<; B a11d D which still contarn~:d ··white crystals and IOls of 
hubbies". Both of th~:se samples wnc taken n~:ar the top of their respectiv~: units 111 the Baltz. et at ( 196.~) 
type ~cction in \1ortandaJ C"anyou. Thl' study was nor pursued hecause of melting difficulties. 

• X-ray Flth>rl.'scen('e Study ( I<J71JI -- A prdimmary study to ~ee if X-ray fluorescence analysis would 
dtslln~uish untt:-. in the B:wdelier Tuff. The ~-amc samples were used as those an th~: B<lndclier "glass" study. 
Results wcrr ohtamed for A~. Cd. Sc. Ni. B1. Cu. l'\b. Ph. Sn. W. As. and Zr Samples from the Guaje and 
lllllls 0 and I: were suhmillcd to furrha comparative analysis for K. Mn. Zn. G:a. Rh. Sr. Ba. Fe. Cu. and Pb. 
l<l·o;ufls did not indic:tte that an expanded study would he useful. 

• h·ldspar X-r:1y Flunr~:sccrKc Study I 197<1) --Smith ;md Baill'y 1 1966> rcfcrr..:d to an :morthodase unit. Roy 
!\. 13ath~y. l·sns. (personal l·nmmunicatlon> idl·ntifled the location as the outcrop I mile east of the back 
~ate ( intt:hl'Ction of State Road ~ ami West Jemez Road l Th1s identification appeared ro correspond to 
l 'sur I·. thcrd.ore. X s;uuplcs nf Unit F wl!rc suhrnincd fnr analysis. All X samples showed sanidine plus 
weal-. orthodasc \\:irh the exception of I winch shuwed nnly s;midine Samples were also submitted from the 
Otnwi :u:d lllllls A. B. and D; all \\'ere sanidinr 

• llr~IJ-m:t1-!llifrc:llwn Rdlcctcd-lil,!hl Micms,:opy and Scannin~ Ekcrron Microscopy ISEM> Study ( 1979) -
Om· sarupli.! c;1d1 lrom Units D. E. ami 1: w .. :r~: ;m:lly£cd. The rdkctcd-light nut:roscopy revealed textural 
dtlferen<.:t:!> lwtwcen thr 3 units at high ma~rufi,·:-~tion ( IOOx). In thl~ sample from Unil F. the SEM 
idcr11ified soillc mineralogical dilli:reuces from Units [)ami E. There :lpJll."ars to be a higher concentration 1 

of JlYfllXI.'IIeS ;llld olhl!r llllldl'nlllicd lllliiCral grams Ill l'nil r Some of these unidentified minerals contain I 
, com1der:Jhll' cenum and titarHurn Tt:ntatJVl! •dcntJiications hased on I crystal each were ilmenite (Unit F).~ 

lltallltC (I lull 1:1. knchclrre ( l 'mt n. and magnetite (llnrt D); and tenta!JVC tdcnufrcatwn based on 3 crystals 
was rn••::netite <lin II E > Textural and nuncralo~nl'al differences were not dramat1t· enough to warrant a 
lar).!cr study nc.>cessary to prove thl' d1ffen•nccs rt•al I 

1\ J Rtaldrll!!.lkparlllll.'lll•ll G.,·,•\l'l<'ll<:. Nl.'~ M.:ll.flll ln\IIIUll.' ol Mmmg anJ lcdlllnl<l!;J : 
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Map Construction 

In 197 ~-7-t. the topngraphic map ot th~ LANL reservation was an nzahd print of picet:d-togerlu:r ! 'S(IS topo:?raphic 
sheets. In additior .. the cng1necnng l!roups h:sd topographiC mformation produced hy spo1-mapp111g J:xisrin;; ncnal 
photogr:1phy sets were either old anJ rncomplr~ or cxtremely htgh altittuic. J.n con..sul.l!ll.Lno. wtth the cn:,:mcerinl:! 
!!roups. it was dectdcd th:u :1 new :.erial photography survey was m!c(kd not only for the ~eologH: map hut also for a 
detailed topographic map nf the l.ahoratl'ry. Tirn1ng/fundin~ du.:tated that two surveys he tlown Tht• r1rst w:ts a 
low-altitude. color·at:nal-phc.rn;:r;tphy survey tlown in Septcmher 197-t hy Program A.t I) Tht' at·n;d photo ~et. at 
a scale of I inch= t'IOO fct.!'t, w:rs m;ed ft)f ~eoln~H: map-ping. ~ll the ncx.t -t ye:us. the. cn~ml't'rtn~ ~ronps lkw then 
own survey (after ground-tnuh. surveyed. points were: estahlishelll and developed tnpographtL sht•ets of the 
Lahorarory at a scale of I inch= .100 fccr. The new topo~raphu.: shcch. when they hcc:mw :1\'ail:lhk tn I'J7X. were 
used as fit:ld maps in cornhtna!lnn with the colPr aenal pht>fo., 

Using field nores. lidll maps. and a srcrcoscopc. contact line., were ml..cd ontP I he sel nf Llllor :ll'rtal phoros The 
geologic map was scrihed trom the aerial ph0tos nntn the new topn~r::~phic hasc sheet~ 1n 1hc Lilt ol 19XO. In May 
I C)lJ.t. the I C)R I color-proof St'l of the ~t·olo:;il· m:1p was chel·kcd hy an cxrensiw review nl till' on~ mal color aerial 

photos. 

Discrepancies hctween the scale-controlled geologic map and the tnpogrnphic hase map cxt.,t Both aerial 
photographic surveys strove 10 reduce distortion, hut distortion 10 h11th exists. In the color ~et U!>Cd for !he geology, 
the distortion is reco~nizahle m the lines flr•wn over Whtte Rock Canyon of the Rio Ci.raltlle In the set used for the 
tnpography. distortion occurs throu~hout the survey :md is parttcularly evident along the southcrn hmmdary of the 
Lahoratory reservation. In additinn. the contracrm whn drt:w the tnpo~raphic map set did nnt haw equipment with 
sufficient depth resoluuon; therefore. some cnnyon hollnms are drawn nn the tops of rlw Pomkrosa pines. The 
effect on the geologic map is twofold. Geologic conlacts appear to he closer to some canyon hottnmc:; than rht:y 
acrunlly are: :md contacts nlong rhe southern edge of the l.ahoratnrt reservation were adjusted to rnnre closely 
match the contours as drawn on the topographic hase map'>. 

Any mapping project has the ohj~ctive of lindint! the hest explanation of field ohscrv:llion~ In <ktailcd mapping. 
all oddities require explanat1on. Even with good field work and the hest :t\'ailnhk tools. 11 is lllll alw~ty'> possihlc to 
arrive at a s:ltisfactory explanation for everythin~ sec:n in the field or to have a map irrc:futahly demnn,;trate field 
knowledge. There are actual m:1pring errors as well as pcrce1vcd mnppin~ errors. 

Some of the variables in this mapping project are: 
• Field work was hegun 20 years ago. 
• The project was intemtpted for a period of 13 years 
• Access to the enure map area for field checking ts no tonga pnssihle. 
• The topographic map hase has errors due to its method llf med1;mical compil:ttinn 

• 
• 

• 

Errors were introduced into the geologic map compilation in order to mal..c tlw ouh:mp paltcrn more closely 
parallel the topographic conlnurs as drawn. 
As good as olllcrops may he. the place where information may he mc>st wanted i~ covered hy some of the 
following: vegetation. colluvium. alluvium. hm deposits. El Cajetc pumice. constn~eted fills. huildings. or 
dumps. 
Aerial photo interpretation was used where direct ohservation was nt)t possihle 

• On aerial photos. the area of most interest may he located on the overlap-ed~e of .t stt•reo p:tirs with the 
result that it is never stereoscopically seen without some distortion. 

Every attempt was made to address field oddities even if the resulttng map depiction would appear to show a 
mapping error. Most fault lines were not observed in the field. Acnal photo interpretatiOn ol lineations was used 
to come up with the best fit for field observed lncatmn and attitude of units. Because thl!'> was a detailed mapping 
project, the bins was to show Jispl;u.:ements of as little as 3 feci and to show mmm fnldin~ The majority of the 
Structure shown on thiS map would he 1gnmed hy laq:cr-scalc!l pr<lJl'CIS 
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Location 

The Pajarito Pl:ueau flanks the eastern sid ~ of the vnlcamc Jemez Mountains in nonh-t:cntral New Mexico (see 
Index Map! The plateau ss 16 · ~..; km wsce and more. rh.:uJ4-8 km ~ong h 1-s- boumkd on thl'" w~t llythe Sierra de 
J0s Valles, on the east hy the Rio Grande. on the nnrthea~t by the Puye Escarpment. and on the southwest by 
Canada de Cochiti The LANL reservation occuptes tht' central pan of the plate:JU's northeast-southwest trend. 
The plateau slopes eastward from an elevation of 2377 m to an elevation of 1890 m. It is cur 61 · 122m deep by 
m:-~ny southeast trending streams. On the western side of the LANL reservation, the n~Jmed- canyons from- north to 
south :1re Los Alamos, Sandsa. Mortandad. Tw\l·\1de, Papnto. Canon de Valle. and Watt:r. On the eastern side of 
the LA "\L reservallon. the n:-smed canyons from nonh w sourh are: Rarrancas. A;~yo. Puehlo. Los Alamos. Sandia, 
~ortandad. Cail:lda del Buey, Pa.J:-trllo, Potrillo. Fence. Water. Indio. Anello, and ChaquehuL The dtssecred eastern 
m:-srgin of the plme:-~u rises 91 - .105 m ahove the Rio Grande and forms the western side of \Vhitt" Rock Canyon. 

The tw•1 most imporrant canyons in the m;1p area art~ Los Alamos on the north and Water <'n the south. Both 
canyons 1.keply cut the plateau Each heads m the Sterra de los \'alle5. crosses thl' pl:tteau. and ernprse; into the Rio 
Grande 

Tshircge Stratigraphy 

The Pajarito Plateau is cut in the layered Bandelier Tuff which is predominantly of ash-flow <mgm Bailey, Smith. 
anti Ross (I 9fi9) revised the Bandelier to in dude an upper Tshsrege Member and a lower Otowi Member. Each 
mernher included a has:-~ I air-fall pumice hed. the Tsankawi and Guaje respectively. On the LANL Reservation, 
most of the outcrop is Tshirege. For the det:-~iled geologic mapping project to succeed. the Tshirege had to be 
suhdivisihle into map units. According to the Code of Stratigraphic :'l>omenclature. a map unir is a lithostratigraphic 
unit. A lithosrr:~ti~r:lphsc unir is defined by observable physic:-~! features and is mdepcndt·nt of inferred geologic 
history. 

A cooling unit. defined by Smith (1960a), is a stnglc or multiple ash-flow deposit which has a common cooling 
history. The cooling history m:~y be essentially uninterrupted. producing a simple cooling unrt. or broken by 
successive emplacements before the underlying flow cooled. producing a compound cooling unir. Smith (1960a. 
p.81JJ identified the Tshirege as a multiple-flow compound cooling unit". Smith Cl960b. p.l57) stated that "the 
cooling unit. simple or compound. is probably the logical map unit in most unmetamorphosed rocks. It is a closely 
limited time unit as well as a genetic rock unit." Code of Stratigraphic Nomencl:lture arguments aside, if the 
Tshirege is a compound cooling unit and the cooling unit is the map unit. then the layered, 107('') m thick Tshirege 
is indi\'isibk. 

I agree with Smith C I %0a. p. 817) that the Tshircge Mcrnher is a compound coolm:_:: unit. I do not agree with Smith 
( 1960h. p 157) that a cooling unit should prorwrly be a map unit In accordJncc with the Code of Stratigraphic 
~omenclature. I di\'itled the Tshirege ~emher into o lsthostratigrnphic-mappahle units. L'nits A, B, C, D, E. and F. 
A detailed description of each unit can be found in the Descnptson of Cenozoic \1ap l;nits. lr is unknown whether 
:~ny unit represents a single flow unit. All untts hJ\ e widdy-traceable, flow-unit boundanes. Unit boundaries 
se·parate rock which is distinct lithologically from that above •lT below. 

The Tshirege Member ash nows show facie~ changes hased on degree of induration. These changes are primarily 
lateral. In general. the rock with the greatest dt•gree of mdurntion will he found at the proximal end. nearest the 
source, of a flow. On outcrop, transition from one facies tn anr·ther can he seen Some umts. however. retain their 
facies chamcter across the plateau. Induration may he due t<' welding and/or crysralli1atson. It is volume, 
t~mperature. and lirhostaric-load related. Hand specimens from the same unit. hut difft•rcnt induration facies, have 
similar phystcal and chemical properties. 

.i 
J 
.I 

" 
Rn~ Bailey lfK'T\IIJlal c.Jmmuntcallnn 1'17!\) \tateJ that Ill: anJ l11•h Smith sui I cnn\tdcreJ the T'htre~e to 111: a 

l-,•mrnund tll•lhn~ 111111. 

-------· ~ 
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Field terms for the facsl.'~ (most tughly ustlurah:d to Ulllnduratl:dl arc 'horiwntal fracture ro~.X. 'upplcd rock'. 
'massive', 'oran~e blocky'. 'hok rock'. and 'rotten'. Thc:se term' are based on appearance. Degree of mduration can 
bt: heard in the sound made by a rock hammer strik111g tuff. Hammer ~und d1vides the tuff into 2 general groups, 
'ping' and 'thud' Clllor is anntht~r indication of induration. 

• 
• 
• 
• 

• 
• 

'Hon::.untul ji·ucture rolk': 'pin{ rock. dark to meJnnn gray, densely welded. vapor-pha~c crystalhz.ation 
present. hench former 
'Rippled md.. ·. 'pmg' rock. darl-. to med1urn gray. dt!nsely wt.!lded. vapor-phase ny~talllzation present, 
tendency to he slope former 
'Massn'C'·. 'p1ng' or 'thuJ' rock, dark tn li~hl gr:Jy and oran~e. densely to mlx.lcratdy welded. vapor-phase 
crystallization prr:sent. b~·nch former 
·nrull).:t' h!och'.· 'thud' ruck. orange. modt:rately to incipiently welded. vapor-phase crystallization present 
bench former 
'Hule rock': 'thud' rock. medium to light gray. orange. and while. modcr:uely 10 incipiently welded and 
nonwelded. vapor-phase crystJIIization not present in white rock. tendency to be slope former 
'Roflen ·. n1) sound, light gray or" hire. totally unindur:ned loose material. blows away in the wmd 

'Rotten' outcrops are small. lew. and easily hidden. Where protected by overlying indurated tuff. 'rotten' facies may 
he burrowed by insects · 

Unit induration. and induration within a facies, incre::~ses westward to the mountatns Exceptions arc found in Units 
B and C. The distal part of these units. at the edge of White Rod;, Canyon, are more highly indurated than their 
immed1ate lateral equiv:llcnts to the west. Darker color JS well as closely-spaced columnar jmnring indic:ue this. 
Ross and Smith (J 96ll discuss experiment~! work which shows that the presence of extremely small amounts o 
wJter vapor" ill significantly reduce the welding temperatun:. 

A through-flowing ancestral Rio Grande existed at the time of the Tshirege eruptions lmmedratcly west of the 
White Rocl-. Canyon wall, in the southern part of the map area, L'nns A and B do fill ;1north-south channel, perhaps 
the ancestr:ll Rio Grande. Lnit A does not :~ppear to show any increase in induration. Lower Unit B does show 
increase in induration not only in the vicinity of the channel fiJI bur for almost halfway across the plateau. And Unit 
C shows an increase of induration in the vicinity of the channel fill. The relative degree~ of induration in the units 
does not make a neat c:1se for addition of water vapor from proximity to an ancestral Rio Grande. In this panicular 
case. Unit C. siuing on top of I 10 rn of Unit A and B. has the highest degree of indurat:on followed by the lower 
part of Unit B. 

lncre:1se in wnter vapor may be the reason for the reversal of degree of induration seen in Unit C :md in lower Unit 
B in their distal parts: hO\VC\'er. proximlly to an ancestr:ll Rio Grande is too simplistic an ·~xplanation. 

General Unit Characteristics 

All unit contacts are flow boundanes with sandy partin~s. A sandy paning may he a h:~se surge (flow base}. lag 
dl!posit Wow top l. or reworked deposit ( flqw l<lp). If thi..:k. sandy p:m111gs show both l:lt~1inar and cross bedding. 

Phenocrysts are primanly quartz or ,;anidme. The san1JII!e may show ch:lloyancy. Diopsidll' pyroxene has hecn 
identified and ilmenite, tit:mite. kncbehte. and magnetite tent:lliwly identified. 

) 

j 
Tenting'. which may be related to fumarolic act1v11y. i~ an erosional phenomenon. The upper surface is eroded intr "~ 

irregular tent shapes. There arc no caps. Tenrrng occurs in l:r;its C. D. E. and F. hut 11 is not Sl~l~n in the distal pas 
of any unit. Tenting' does not occur either Ill nonwclded or incipiently welded rocks. Tent rocks are seen in Unit A ''~.~ 
where pedestal c:~ps are likl!ly to be L'nir C. The tent rocks m Unit A arc not relatt•d to fumarolrc a~trvity. ~ 

j 



_________________________ .......... ..... 
Fumarole evidence has been seen in allunirs. Fumarole venrs have been identified on upper surfaces of Unirs A, C. 
D. and F. leon· staining. producing a wide variety of rotors. has been observed aktng joinrs in Units B. D. E. and F. 
Opalization along joints has been seen in Unit F. 

Thc= pink mounds, ohserved in rock cuts in Units B and C, are prob:~bly rel:~tcd to fumarolrc .actrvlly and 
vapor-phase crystallization. The mounds have steep sides and gently sloping rops. Only the color of the rock is 
changed. They cut across original texture crelling no textural changes. 

Structure 

In the map area. rccronic fracrurcs are rdatcd to devt!lopmcnt of rhe Rio Grande Rift :md rhc kmez volcanic 
complex. The Jemez Mountains are locared on the wesrern horder of the Rio Grande Rift, a linear and topographic 
depression formed hy faulting. The Pajarito Fault Zone separates the Pajarito Plateau from the Sierra de los Valles. 
tl1e eastern side of thco Valles Caldera. In general, the Tshirege Memher dips gently to the SE. 

In the norrhcast corner of the map areu arc three NW -trt.>nding faults. With these exceptions. all other N-S faults 
and fold axes trend NNE. There is E-W fauh~ng which trends NWW. 

Thl! Los Al:llllOS Canyon Arch tnew tennl and the Water C:myon Arch <new term) ha\'e similar NE trends to the 
PJjarito Fault Zone on the west t!dge of the map area. The Los Alamos Canyon Arch dies out to the south and the 
Water c~my•)n Arch dies out to the norrh. Both archcos are named for the first m-ajor canyon they cross as rhey enter 
the map are;1. The Los Alamos Canyon Arch is east of the trend of the Water Canyon Arch and synclinal fold into 
which it dies out. 

The Los Alamos C:myon Arch is the eastern limb :tpex of the synclinal fold that's axis is on-trend with the Water 
Canyon Arch 10 the south. The Los Alamos Canyon Arch extends ro the south across the map area where it dies 
out after crossing Canon de Valle. The arch determines the western limits of exposure for tht! lower stratigraphic 
units of the Tshirege. 

The Water Canyon Fault depicted hy Budding and Purtymun ( 1976) docs not exist. The fault is an arch. the Water 
Canyon Arch. Facies changes occur immediately cast or west of the arch. The Water Canyon Arch di:!s out to the 
11orth :tftcr cmssin:; Pajaritn Canyon. South of Canon dt! Valle. a fault hegins which is immediately eas1 of the arch. 
~orthward. south of Two-Mile Canyon. this fault hecomes the axis of the synclinal fold which crosses Los Alamos 
Canyon. 

Nonh of the map area is the Los Alamos f-ault (Budding and Purtymun. 1976} which dies out to the south. The Los 
Alamos Faulr is a monoclinal fold. on the eastern lirnh of the syncline. as it crosses Los Alamos Canyon. 

Los Al:tmos Canyon is fault controlled. The Los Alamos Canyon r:ault (new tenn) e;'(tends down Los Alamos 
Canyon from the Pajarito Fault Zone to the Los Alamos Canyon Arch. It is downthrown to the north. This allows 
the synclinal fold axis ro be much deeper on the north side of the canyon. Beginning in the fault zone, is another 
fault which extends west up the canyon. This fault is down!hrown to the south. In the Pajarito Fault Zone. this 
soll[hward displacement allows eastward displacement and formation of a small grahen on the somh side of Los 
Alamos Canyon. On the north side of Los Alamos Canyon. the fault zone is a faulted monoclinal fold which 
bottoms at the synclinal fold axis. The small displacement faults on the monoclinal fold are downthrown to the 
west. 

A NE trending line, herween the Pajarito Faull Zone and the Water Canyon Arch/syndinal fold line from Los 
Al:tmos Canyon on the north to Wnter Canyon on the south. shows NWW trendmg fault:> stepping down from the 
north and south until bottom out between the middle and south E·W hr:mches of Pajarito Canyon on the nonh edge 
ofTA-9. The NWW faulting is smnll displ:1cemc.!nt faulting. 

7 
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------------------~-----

DESCRIPTION OF CENOZOIC MAP UNITS 

Qco COLLUVIUM (0-.S('?)1 m)-- loose material on the slopt!s of the canyon walls ~:ompnscd of soil and rock 
fragments: deposited hy rockfall. rainwash and shectw<~sh. 

Ql LANDSLIDE DEPOSITS [0-JO('?) m] -- soil :1nd rock material deposited· hy slumping: m:cur tm the 
e:tstern side of map area ,..,here incompetent units in the Puye f:mmation nr 1n the S:lf\la f:e Group 
underlie hasalts or mdurated tuffs. 

Qf rAN DEPOSITS [0-!W.'l ml-- stream-deposited. loose. prc-Banlldicr rud>-typc matcri;d dcposit;:d as a 
result of movement in the Paianto btult Zone; occurs mainly alnnf the wc,lcrn cdgc of 
map area Gravels <heneath pumice) can be seen 5.5 km down slope.· at hasc of well-developed, 
mesa-top, soil prnfiks and appmxitnatdy 6 km down slope at base of pumice-filled ch:moel cut 
in mesa top. 

QJI ALLL'VIU 1\.1 10-~.S! '1) m J -- silt. s>~nd. and gravel depo ;itcd hy recent streams. lll'l'llf~ in :-~II canyon 
hnttoms. Exposed hcllrock is rarely se~n in canyon houmns. 

Qt
1 

TERRACE I !0-1\('.1) m} --lower terrace gra,·els nf Los 1\lamns Canyon stream ncar Lo<. Alamos-Santa 
Fe cnunty line composed of well-rounded. prc-B:lntklicr rock types. 

Qt., TERRACE 1 I0-::!0('') ml -- upper terrace gravels of Los Alamns Canyon ~u~am ncar Los 
Alamos-Santa Fe county line composed of well-rounded. pre-Bandclil.'r rnd: types 

VALLES RHYOLITE: 

Qvec [L ('AJETE MEMBER !0-fl('l) rn] -- <~ir-l:11l pumice lkpnslh of rhyolitt> pumice ~ontaining 
phenocrysts of quartz and s:midinc preserved primarily nn mesa tops of P:qantn l'btl.'au. Eastern 
most exposure in the map area occars in Potnllo Canyon 1.2 km upstream frnm Cl)l\l1ucncc with 
White Rnck Canyon Thick. well-developed. mesa-top soils apJ~ar to correlatL' with the 
occurrence nf El CaJctc pumice. 

BANDELIER TUFF: 

TS!IIREGE MI::MBER IOC'>-107!'.11 m) -- lltH:ons11lidatcd nnnwddcd tu densely wclded ash-Oow tuffs 
and a hasal. hcdded. air-fall pumice. the EanktiWI l'rrm1ce Bc"d { init may nnt have covered 
White Rock Ra!'.alt High. Ash-Oow tuffs an: here divided into unit-;, A. B. C. D. E. and F, fmm 
bottom to lop. Units can he distinguished in suhsurfacc hy lhl'ir Tl'SJX'~tivt' amounts of uranium 
(l)). iron lfel. thorium (Th). and cesium (('sl. 

As mapped, Unit A includes heds of air-fall pumice. phrcatnm:~gmatic nsh. :1nd l'l:~se surge 
deposits of underlytng Cerm To/(•do Rhvolite fl~ff., (0-9('!lml and succeeding hasal Tsankawi 
Pumice Red {0.15 • 1.15(?lm}. Becnus~ of thickness or topogmphic expression. neither the Cerro 

Tokdo Rhyolite tuffs nor the Tsanbwi Pumice Bed arc m:tppahlt! units in map area. 

UNIT F [0-15('1 ' m 1 -- gray. pink or ' r:mge. modcr:llcly wcldcd to densely Wt'lded tuff which 
weathers with thm llrangc or hlack rind llnit contams rare lnhics,. up to I 0 em in length. 
Pumice fragments. frequently nauencd with vapor-phase crystallil:~tion. an· commonly 1-2 em i 
length hut may hc as long as 45 em. Pumtce color may he same as matrix or mny he gray. 1 

ThK'"'"I::,~.::.~:,·~: .::::~.~.:,:• ,.::':::,·::::, "' .. ::,::~::~::: ,.:·~.:·.:'.':.::::~",.:~:~:"' <hmnghnnl nnit ~~ 
The lcrm 'lithil..',·. ;~' U'>l:ll m th1~ pap.:r. do•:' 11111 mdud~· pumu.:.:. 
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Lnhnphy~;lt~. ~~~~~ co:Jct'lllnc !>hdl ~uucrure. arc· occa.'>lo.ually ~en nt·ar urrH h;l\t' Conta111s 1-2 
rron-hcarlll[.'. crystals (perhaps. iuerJIJ!icd dwps1d1c.: pyroxene J wluch weather as pin-head SJZl' n 
!--pot<. Phcno;:rysr contenr ovc!rall 1s .1pproxim:ucly 6'k. Ph.:nocryst gram s11.c is fine-sand lc 
nun tpchhlcl 

Hi-~ht·,t s-rr:lli~rapfm: un1t wh1ch crops out on the P:~Jarito Plateau L111t r!uns eastward and m: 
r~prcsent more than one a\h 11ow l :nir extends farther e:Jstwanl in ~outhern p:lft of map are 
l>1~t;ll eJgt• o( unit probably d1d not extend much beyond Lm J\l:m1us ~nd iLAgl merld1: 
I: -l0+00 

l"r111 '"P :md un11 cast ol W:~rer Canyon Arch (and e:.tst of synclrnal lold 10 north lfll<> whic 
W:11er Canyon Arch dies out) are less indurarcd and lighter in color althou~h still 'massive' facie 
fht> Muff-l·olmeJ run ha'> pink to orangt: vapor-phase-:.tltered pumice Weathenng produces 
·sw,~s chee.s·:· appcarant·e Amount and SIZL' of pum1ce increases eastward as does amount c 
lith;.:s 

Ar plal·l·s. unir top surL~Ct' has fumarole \ cnts and spectacular tltften:nt-1-;ll we:.tthering le:rvin: 
Joints in rt:l1cf More commou is red/pink/orange iron-staining along JOints in unit upper part 

Tentin{. a wearherin~ feature. is occasionally seen on top surface. 

t.·mr lla~ been mterhely altt•red 1n \ici111ty of Water Canyon Arch on both· north and s-ourh side ol 
Water Canyon. but on south side is pu.11lish. denst.'ly welded rock with red f1arnme. Unit joints 
appe;1r ltl have hecn opallzcd on north side. 

lr111 ca:1 he identified usmg L. fc, Th. antl Cs content rn 7J.1<;~ of c:l~cs 

t :nit r is separated from l'lut E hy ;1 santly p~1rting Partmg may shm' laminar or cross bedding 
;md nJa) bl' up ro 25 t:lll thick. 

f)ht, l·111t [·. !0-90('') rnj --pink. light orange. l!ghr ro Jar!-; gray. nollwt·kh:d to densely wddt•d tuff 
~IJiL:h wc;-Jthers with thin light-brown. oran!;!c. or black rinJ L11hio. 1-lU em. present in unir 
upper parr 111 sonw plac~s. Pullll\."l' fr;1~mcnts. generally r:ue or confined to stringers, show 
npor-phasc crystalll7.atlon. Unit top in plilces is pumice-rich as is some rock in the 'horizontal 
fracturt' rod,' facies Even m densely wddcd rock. pumice may nor show much collapse. Pumice 
fra~ments. commonly 1-2.:'\ em. may hl' 0 5-2_, em in lt:ngth Punuce color may he same as 
m:11nx or m:ty be light to dark gray. tan, red-brown, or red. Yapm-phase crystallization presenr 
throu~hour tile unit. Lirhophysae. w•th ;:onccnrric shell structure. arc occasionally seen in unit 
ha~t· and tt>p. ContJins 1-WJ- iron-hearing cry-;tals (perhaps. identif1ed diopsidic pyroxene) which 
v.t:alher as pro-head siu (and largerl rust spots Unit top coll!ains the least mm-bcaring crystals. 
l'hl'lllll"rysr content overall i~ I )-20'k- Phenocryst grain size 1s fllle-s;-Jnd to 4 mm tpebble). 

C'h:uoyanr feldspar m.1y he seen 111 unl! upper parr. 

l;n11 thins c:~srw:ud and represent~ four nr more ash flows Each now JS hounded hy thin sandy 
partings West of PaJarito bulr Znnt: 111 Los Alamos Canyon. l;nit E appears 10 be four flows. 
E;1st of fault zone, cornpiJCatcd l;1111 E stra11gruphy may show more than four. 

l.'n!l extends larrhcr eastward in southern part of map area. Disraledge of unit probably did nor 
Cll!cnd IIlllCh he yond LA~ meridian E l RO+OO Unit bounded above :~nd below oy widely traceable 
sandy partm:;~ L'rut E lithology i:; d1ffercnt from Unit F above or l;nl! D hclow. As a whole, · 
l'nir E has a higher degree of wdd:ng than Jny other unit. 1 
U1111 tlows shov, facies chan!;!CS. Lateml fanes changes have a northeast trend. Unil induration. 
for a given LAr mcridwn. will he h:s~ to the south. Field trnns for rhe facies (most densely 

~ 
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wckkd to fH>nwd{!cd). arc 'hDrizo.nuL fracture rock', 'npplt:d ro..:l,·. 'm:~~:-.1ve'. ·or:m;•c blocky', and 

'rotlt:n' ljnit stratigraphy app~ars 10 be mort· curnphcatcd from Carion de V;tllc.: south 
Along tht> western edge of map arc:a. l;n1t f rests on 'rtppkd' LU.:IC\ Ill north aud .lfl 'masstvc' in 
south. In south. a general t:nit E scclwn would hav~ 'rll:tsstw ~laded on 'nppic..•d rod.' "-hid1 IS 

stacked no. 'hmuomal fracture rock'. 

Mt.vtn;; eastward. 10 north. 'mass1vc' ch~m~es color from gr:1~ lo ltght·oran~c and grade~ mto 

'nr:mgc hlod;y·. In south. 'honzontal fracture rock' change'> to 'rtppkd Tlli.:k' to 'r11assivc' tl~ 

'nran~c bkH.:ky' La.t.e.r:l! tr;msirion in l ini• E from hard gray HKk to ~otter lt~ht-nrange rtll.:k bcgm~ 
muncdiatdy west of the W:.~ter Cmynn Ard1 I:Jnd ~ynchn:tl I<~IJ '" n~>rth 1nto wh1ch Watct 
Canyon Arch dies m11l. Distal edge of top tlow (nurnt-.cr -l ('')II\ abtl lllln1l'dlalcl) west nl 
Water-C:myon·Arch/~yndlnal-fold line. Distal cu~c nl !low 1111mhn; r·•, '"Immediately to cas· 

of Wata Canyon Arch in Car1on dc V;:~lk 

Bllltnrn !low . numbt•r I. :1ppcars to haw the ~reatest lateral cxh.:nt. Gcncr~illy. rnov111g eastwan 
from WJter-Cmyon-Archfsyndm:tl-lolu lire. holtom flm, 'npplt-d' f:li.:lt"• umkrltcs flow numhe· 
3C'J · .. ra!l~c blocky' facies Eventually. b(ltlom f1·1w turns 1nto a 'mas.->lvl:'· lrght-or:m:;c bend 
whid1 IS separated by a sandy partin~ from 'oranrc hlod;y fanes nf tlov .. numhcr 11''1. T~ disra 
ed!,!c tJf Unit r: is a 1.5 rn ·orange hlocky' facies whid1 is prnhahly dl~talt~d)!l' of bottom llnw. 

Wc:~thenn~ ot all facies generally presents massive appearance ~J'cntm{. a weathering fe:11urc. i 
occa~1nnally seen. 'Rippkd rock' f;Jcies appears tn ex.ti.ttiatc 

l'nll upper pan has red discoloration (in 'rippled rock'l :1long tomt tan~~ and :1lso has jmru f
whlt'h have he en lc;1ched wlute to a depth of I 5 em and then handed by -t em of pink ruff w 
grades 1nto normal light-gray Cmass1v~·y fumarnks an.· seen tn 'hmi7:orH:tl fra~.·ture rock' fat:ies. i 
Pa,anto Fault zone! nn Statt: Road -l 

l.'nu has he~·n llltcnsdy altered 10 the \ IC'Intty of the Water Canyon Arrh on ..,outh side of Watt 
Cmyon The entire lllllt IS soft. Bcne:11h Ulfllact with t:nll L l!rHt E 1~ pum1ce-rich Unaltere 
pum1cc (to 20 em long I weather-out. Beneath pumice znnc is a ltthlc-n.:h one with lithics up 1 

I 0 em long Unit lower part is w.h1te with voids :md appears leached On north side of canyon 
'hnnznnt:1l fracture rock' and 'npplt:d rock' facies ~.re st11l prest•nt in tl!llt 

t'n11 can he identified usin~ t:. h. Th. antiCs content in ~12S nf cases. ~umhcr of cases US( 
was prohahly insufficient to characterize given unit complexity 

L1nit E houndary partings may show laminar or cross hcdding. Cpper contact paning may he 1 

rn 25 em thick. Lower contact parting may he up to I 2 rn thick When· lnwer contact parting 
thick. lithics up to OA m may he found :11 hase of part in~. 

Qht1, l.'nit D !0<'1 )-341'1 ) m] ·- pmk. hwwnish-gray. light gray to dark gra). nonwcldcd to dens~ 
welded tuff which weathers with thlll light-brown. ~ray. nr li~ht-oran~c nnd. l.'nit contains~ 
luhics up tn 25 em in length Pumil:! fragments w1th vapnr-ph:~s.·e crystallizJtion arc comm~ 
0.2-1.5 em in kngth hut may he ;1s long as -l5 em. Pum1ce colnr may he same as matrill or 
be gray. hrown. pink. red, or lavender. Vapor-phase crystalltz.auon prl·sent throughout the u 
Contams 0-1 SJ iron-hearing uystals which m:.~y Wt.'ather a~ pin-head siz.e rust spot~. Unit f 
ma) cont:Jin up to ~lJ· iron-bcanng crystals. Phl.'nocrysl con rent ovcr:1ll is I )-501/i. Phenoc, 
grain size IS fine-sand to 6 mm 1 pehhle'J Chatoyant fl'ldspar may he seen in unit upper or' · 
part. 

Umtthins e;sstward an-! m;l)' he single flow. llnit extends fanht·r ca-.tward in the southern paJ 
mar arc:t. Dist:JI ed~1: of unit prohahly elltendcd beyond present d;ty Rio Grande river co1 
lintt D lithology is d1lferent from L'nit E above or t1nit C below. It IS prcllominautly incipi'J 
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lo mCHkr:uely wdd~d ruff [knsdy welded outcrops !'nppled rod.' aml ·masstve· facies! arc 

found rn upper Wa!cr CJnyon wc<,t ul W:11cr Canyon Arch llnlt ts only 111111 ro approximate a 
Slll~lt: (llOllng lllltt 
l'nu ttppcr and lnwn pam arc \lope lorntcrs They may ha"~ castly dtsat!~rcpted nodules 
(vapor-phasc indur:llton l whidt wcarher m relief l'pper pan is mud1 thmner rhan lower pan 
MrdJlc part, 'massi\'c· f;a:te~. f<~rtn~ :1 ht•ndt Tenttng'. a we;Hhenn~ fealurt' nf hench top surface. 
<H.:curs tn vJCtniry of l.os Al.11llPs Canyon Arch or arch linc:uion wesr We:illlcrtng of mtddle pan 
r-nay prodncc- a 'swrss drc:cst•' appearance Mnsr of unll has somt• dq:rcl' of tndur:ttiOn although 
thc indurattnn m.:1y he larf!cly due to v:tpnr-t'h;tse crysral11zarton. 'Rorrcn· taete<; ts not common 

hnn:trt~k vcnrs arc prcscrwd rn tht• rruddle parr lron-si:Jtfllllt! ah·n~ ronlm~ l'llntc; in Unit 0 ic; 
rhc mno;.t cnlnrful :tntl t:ommmt fpr all cmrt~ Colon. seen arc ydlo\~"- or:Hl~t'\ n·d~. ;~nd pu'1'fes 
t\ll~.·olurs 111:1y he Sel'll in sarnl' oulcrtlp. 

l :ntl l':tll ht• id<:nlifit•tl IISIIlf! 1'. r<:. Th. and c, content Ill~~~ 7'J of t::t\l'S 

l'nlt I> houndary parrin~s may shm\ lam1nar or c:ross heddtn~. l 'ppcr ..:onracr paron:; may he up 
In 1.~ rn rtm:~ wl!h lirhic:s (up hl 0 ~ ml ar rlw h:tsc Lower cont:Jll pan111~ ·~ thlfl and rarely se-en 

l :nil C [Ot''l~.2(.1 l rnj •. pin~. lt~lll to dar!.. gra.}:. incipwnlly weldcd to dcnsdy weldt!d tuff 
\\hidt wearht~rs with li~ht-hrown 11r oran~e-hrown rind. l'nll cnntaim rare lllhi~.·s up ro 10 em in 
len:;th Pumice fr:tgmcnts show \':tpor-phasc crystallization and ar..: commonly 0 1ro 1.7 em in 
kngth hut may be as long JS I 0 em. Throughout most of unit. pumtce fra~ments :ue rnre or 
,:onlined 10 srrmgers. In unit base and rop. rhey rnay repres.ent up w 50'7r {lf the rock_ Pumice 
-.:olm nuy h~ same as marrix or gr:ty Vapor-phase crysralli7ation present throu~hnut unit. May 
contain 0 :'i-1 <:? iron-lw:~rin~ crysrah in LHIII ha~e up inro unir mrddle D1opsrdic pyroxene 
idcnrrticd rn unir h:~se. Phenocryst ~.:onh·nr owr:tll i~ 5-:!0?t with unit top and hasc: having the 
smallest paccntage. Phc:nm:rysr ~ra111 size 1s fine-sand 10 3 mrn t :;ranufl' l Cnnrain~; chntoy:mt 
idJ~par 

l'nit rhrm e;1srward :md may n:presenr three !lows. \Vesrernmnsr outcrnp~ o.:cur in upper Water 
Canyon west of W:l!l'r Canylln r\r~.:h tn southt.>rn part of map arca. Dtstal cd;.:e of unir prohahly 
t.'Xtt:mled oeyond present day Rio (}randc river course. 

l'nll C lllhtllon is different fn•flt l '11i1 f) anon: or {:nil B hclnw Allnwin);' for thickness changes. 
ourcrop :1ppearance o\'er rhe pl:ttcau 1s rem:1rk:Jhly consistent t 'nir is 'mac;s1vc· facies wt!h 
exception of 'horizontal fracture rock' facies exposed in bouorn of Water Canyo11 jusr east of 
Warer Canyon Arch. On west si(k of While Rock Canyon of Rio Gr:mde hcrwet'n Water and 
And1o canyons. unit shows closely sp.:1ced columnar joinrinf At places. unir top surface has 
fumarole vems. 

Ev1dence for three flows. sep:1ratcd hy dJsconrmuous sandy p:trttngs. occurs near White Rod 
B:~.salr High in Pajarito Canyon and to sourh South of Patarirn Cmyon. unit reverses eastward 
thinnmg In a norrh-sourh hand approxm1arely ~-~ km wide. unit may he twice as thick as it is to 
wc:st m east. Band appears to t>c influenced hy rhe While Hoc~ BasJII Hi~h- B:~nd crosse!. 
Potnllo ITA-1nl. hncc. Watcr (tnidre:~chl. Andw trihurary !TA-~9). and Ancho canyons. 

l'nirerases any residu:JI effect of While Rock Basalt Hifh l'nit r crosses cha:~nel fills without 
changing thickness apprcciarrvdy. 

Untr is hench former. Srrippm~ occur~ on llppt.'r surface Tt~nring·. J wrarhnin:; feature. occur:; 
in a northcasl-sPurhwesr h:~nd. appn•xirn:llcly .\ lon wide. hcgmntnl-! .rusr easr of Los Alilmo-; 
C.:1nyon Arch or arc:h lineation and cxrcnding ro the southeast. \Vearhamg affects joint 
frt'qut'ncy Jninr spacin);'. rs ~re:11er rn r\rl'a G. TA-)-~. p11s than on outcr(\r ar edge of Mesita del 
Buey. 
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unit ~an be identified using U. Fe. Th. and Cs ~ontcm in IOO'k of ~.:ases 

Un1t C boundary partings may show lammar or cross bedding. Upper ~.:oma..:t panino i h. 
. . I \.; 0 I ~ !o t 10 and rardy se-tn. Lnwer ~ontact panmg ~s. a~~)- tml-1.. Ll outcrop. ower pan in:? can thi~ken f 

err. w I) em and thin to 0 em. Lower parting is more frequently seen from mid-plateau. rom 0-9 
.. astward 

Unit B {0-J8(!) mj- wh-t-tc. light gra:r. pmk.i.sh gray. purplish gray. light orange, huff 
1 

in:tpicntly to mod~rately welded wff which w~at~rs with gray. liglll-brown. bro~n~ 1:~7: 
mange. or orange nnd. Umt ~:ontams up to 3'7r lllhlCS commonly 0.5-1 em in length but u ., 
em long. lin it b:1se contains highest pcrccntag~: of lithic~. Pumi~.:e fragments show vapo/

1
10 6 

crystallization and represent 5-25% of rock. Generally, unit base and top contain the gr~ .ase 
· P · f be 6 · I I U · :nest percentage pumtcc. umtce ragments may • up to em m cngt 1. nttlithology is remark bl 

for number of pumice fragments in 0.1-1 em range. Pumice color may be same as matrix. or 0~ e 
lavender. light-brown, or brown. V:~por-phase crystallization present throughout ~~y, 
Lithophysae. with concentric shell Mructure, are occasionally seen near the unit base. Unit t~t. 
occasionally contains < 0.5'k iron-bearing crystals (perhaps. diopsidic pyroxene identified in t/ 
and base). Phenocryst content overall is I -159"r. Phenocryst content appe~1rs to decrease fro! 
base to top. Phenocryst ~rain size is medium sand to 3 mm (granule). C'hatoyant feldspar may be 
seen in unit lower and 1niddle part 

Unit thins eastward a11d may repreSt!nt r~ore than one as_h flow. Distal edge of unit probably 
extended beyond pres•:nt day course of Rw Grande. Umt thms to 0 m on White Rock Basalt 
High on western and ronhern edge of White Rock. White Rock Basalt High influences thickness 
nonh until reach Los /\!amos Canyon and south until reach Ancho Canyon. 

In both northern and southern parts of mJp area. unit does not extend west of Los Alamos 
Canyon Arch or arch lineation. Westernm,1st outcrops occur in Water Canyon 0.7 km west of 
conOuence with Canon de Valle in southern pan of map area. 

Unit B lithology is d1fferem from Unit C above or Unit A below. Unit is 'hole rock' facies with 
one exception. At eastern edge of plateau. lower part is orange welded tuff which may show 
closely spaced columnar jointing. 'massive' facies. In middle part of plateau, unit lower pan, Unit 
1 b (Baltz et al. 1963 '· begins to lose its character and becomes indistinguishable from unit upper 
part, Baltz's Unit :!.a. As move westward from Rio Grande, joint number decreasc~s. massive 
appearance disappears. and finally color fades into gray. All of these changes occur immediately 
abO\'C the notch which marks boundary between lJnit A and l.init B 

Unit is slope former in any given section. Unit B is slope between venical expressions of Unit A 
below and Unit C above. An oddity since unit induration is l.Jnit A < Unit B < Unit C. 
Weathering may produce- a 'swiss cheese' appc:mmce. Unit weathers to produce large 
Holes are frequently aligned vertically or at some acute angle. 

There are variations in unit profile in the eastcrn half of plateau. At Rio Grande, unit base 
or:mgc bench with a light gray slope above. Moving westward, unit base is orange bench 
suggestion of bench formin~ in middle of light gray slope above. Midway, slope hns 
coloration at top and bottom with light gray in middle. Orange coloration at top may 
weathenng product only. Further west. slope is white or light gmy with orange coloration at 

Unit completes the tilling of topographic lows in erosional surface cut in Cerro Toledo Rh,mhl• 

tuffs. Otowi tuffs. and basaltic !:was and tuffs of Cerros del Rio. Unit B reaches its 
thickness, 9}(?)m. in a channel fill exposed in lower Water Canyon ncar the Rio Grande. 
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l :ntt ~au he ukn!tfu:J usllt); L. h.'. Th. and Cs cmucnt in 91.Y.~ ul GJ~L"i 

l inu B hound at) p~trllll;.::-. may ~how I:Jnunar or cross bcdJrn~ 

prc:Jomlll:utrly thin hul 111ay h•: up lo I 5 ..:m thtrk m places. It 1~ 

lllld-plafl·au eastward Lower colllal'l p:mrug i.~ tlun and- rardy seen 

{i ppt:r contact parting i~ 

nllln: frcqucmly seen trom 

t 1111 i\ !0<''!-·BC!J 111} -- \\hllc, ligh1-~r:1y. gray. liglu-oran:,!C. orange. nDnwcltkd to rnctptenrly 
v.t:ltkd ruff v.hich weather!> wllh l•):!ht-or~lll~C or orange rind tnll uppt•r pan contains lithtcs 
(o>Jillllllllly < ~ ern in kngrh l'u11111:C fra~ntt:n.ts d.u r::w~ ~lflflcar hl he atrt.•n:cl- e-.lrct.-pt in unir rop 
wllerl.' lflt') ~hnw vapor-pha~· crystalt.z:uion. Pumtcc fra~mcnrs. OJ-15 em in length. are same 
culnr :.1s matrtx. V:tpor-ph~tsc crystalliz:liJOII present 111 uuit upper 1.5-3 m and may be especially 
rntcnsc in un11 upper O.'J m Lithophysac. v. ith <.:oncenrnc shell slructure. arc occasionally seen in 
umt top mtdway across 1 Wt'sl to cas() plart·au. May nmtain 0 5'k iron-beanng cryslals in unll 
r111ddh: part Dlllp-.idic pyroxene atknllfkd 111 unir lop. Phenocryst content overall is 7- IO!k. 
l'ltcnocryst gram si;!c ~~ linc-s:md lo -~ nun <~ranule}. Chaloyarll feldspar 111ay be seen in umt 
uppt•r part 

l 'nat thut~ eastward anJ may reprcst•lll one ash flow. Dastal cure of un11 probably exrendcd 
hcyonJ present day t:ourst of Rio Grande Unll crops out f:nther westward 1n norlhern part of 
map ;m:a. Wcsrcrnmmt outt:rops nt:lur til Lo~ Alamos Canyon just east of Los Alamos Canyon 
t\rda Ourcrop\ in •;otllhcrn pan oc.:ur J J..:rn cast of outcropmcriJian an nnrthcm ~n. 

l 'rut A lllllolugy is difkn:nr from tinit U above or Otowi Mt:mlxr helm\. l'nil i~ 'hole rod;' 
fauc~ t:n11 prunarily while or light gray Beginning 45-6 m from lop. unit dtangcs 10 orange. 
Color dt:anc:c is as~.ocia1cd with hcginnwg of vapor-phase cryswlliz.alaun Uppa ~.5 m siHJW 
incrt•as~· in pumicc :·wpucnts. hthics and crystals. Unit basal Of1 m shows IJmin.1r bedding . 
. '\on-or:1ngc l:nn A has h:ard pumt~e lragm~nts which wcatht:r in n:hl'f Pumh:c fragments may 
rt:m:tin ~las!'>y. with frhrous strucrurt: and stll..y luster. throughout unit. 

l tlll fl'Sts on hedJed :ur-lalltull!> of '1\anJ..a\0 i l'ullllt'C Bed. Tshirq:.e \kmher. which arc gray or 
-;altti<HI In 111ap area. Tsankawi JS ran•ly sn~n outside of outcrops 111 l.m Al;amos and Pueblo 
Can~ ons. Ts~111kawi is lrcqucll!ly ..<lVCTl'd wllh colluvium In place~. Tsan!...awt is :1bscn1 and Lin it 
A rcsls on Otowi ash-flow deposits. OttlWi u lJlt'r part conwins far lllllre litlttlS lhan hasafl!nir A. 
t'nir A notoh~ervcd to rcsr on Cerro Tokdtl l{hyolitc bcJJcd tuffs whada h;avt' appcaram:~ similar 
to Ts:ankawt 

tnil '" farst to Jill 111 lopoe:rapluc lov.~ of erosional surface t:ul 111 Cerro Tolt:llo Rhyolite tuffs. 
Ot<lWt tuffs. and basalti~- lavas and tufts of Cerro~ del Rio Tsankav.t hlankets and preserves the 
t'fllSIIlllal surfact: l'nil A rl'aches irs rn:aximum thickness. (l'Jt''lllt. in a pakoropo~raphic low in 
ltmcr ClaatJlll'hui Ctnyon ttcar lllllflut•Jh.:e with Rw Granlll~ 

II ~·),.posed. wail exprl'ssion as a wnal·al profik linitis frcqucmly covered wnh collu\'ium. Base 
is r;trt·l~ seen. Ewsio11 ol colluvlttlll rover on lower part may pmdun~ tent rocks with Unit A 
pedl·~t;tls aud t:nil C <prcdomiuantly! c;tps lirut weathers to produce large holes. llolcs are 
frequently :alil,!IICU vertically or at some anllt: angle Joimin~ docs nor obviously control hole 
:ah):!lllliCIIl. Joims arc difli<.:ult to sec :~nd can somcrimcs he recoglltl.Cd hy c;~ltche coarmgs which 
fll:t~ wt•arhcr in rclrd. Indian ~,·Jill dwt'lling~ were huJit in Unit A. It ts rhou:,!hl thai Indians 
enlarged cxisun~ holt's :Jt b:N' of vcflt..:al cltfts 

l."rut cau he 1dcnrificd usin;.: L h. Th. ;mtf Cs content tn tooq oll·ast·~ 

l 1111 upper cnrt!:u.:t we:llhcrs wirlt a t.listtnctrvc. pronoun<.:cd notdl \~hich ts widely traceable across 
pl:atcau. In smooth-faced vcrtt<.::ll cliffs. a darker line marks po!>.t!lon whcrt~ norch will develop. 
Stnpptng occurs on induratcd lop surlact: rumamlc vents arc , •• cscrwd on top surface. and 



fumaroles can he seen terminating ar rop surface. Fumaroles in unit do nor show ~) 
iron-discoloration. A thin, rarely seen sandy parting separates Unit A from lJnit B 

Qho 

Qbog 

QTp 

QTh 

OTOWI MEMBER (O('!l-·UtC?) m) -- nonwelded ash-flow tuffs and a basal. h~ddcd ;1ir-fall pum 
Guaje Pumice Bed. As mapped, does nor include Guaje Pumice Bed. Unit may 1101 h·•v·e •ce. the 

· . • covered 
White Rock Ras.11t lligh. Unit deposued on Puye f-ormation m R:1sahi~: lavas and tufts of r 
dd Rin. erros 

Ash-flow tuffs represent two or more ash flows Unit is almost :1lways cowred with C'!)ll . . . . uvurm 
1 op ts more likely to he seen than base. \ 1ppcr and lower contacts are rarclv Sl:l:n 1:r .· · . . . - · · . nscon nf 
colluviUm cover may produce tent rocl..s wuh Orow1 pedestals and Unit, lprcdonun:mrlyl caps. 

Guaje Pumice Bed (OC'!)-1~(?) ml-- twdded air-fall pumi"e. Mapped indepcndcnrly from rest nfO . 
~• be hlWI I\'ICm r. 

PUYE FORM.ATI~N 1_12(?)-~l<?l] --conglomerate nn~ cmtrse s~nds with. interhedded :~ir-fall pumice 
Marenal pnmanly denved from Jemez Mountams volcamcs. Tschrcoma Form;uinn Nea R 
Grande:. Puye also includes clasts of Precambrian quartzites nnd crystalline rocks. Lan~ I"~ 
deposits in no~theast corner of map area are result of Bandelier underlain by lake cbys.s ~s
mapped. Puye sncludes these lake clays. Lake clays were not mappable on aerial photos he 
of their color. Outcrop could not be distinguished from dense growth of panicular plant in a~~u~ 

BASALTIC LAVAS AND TUFFS OF CERROS DEl. IUO [unknown)-- thi~k sequence which r~trms 
the White Rock Basalt High. In Cerros del Rio on easr side of Whne Rock Canyon of R•o 
Grande, sequence is more than 390m thick <Griggs. 196-t). 

Tsf SAi':TA FE GROUP As llst'd lly ti~tlush~tand lllick (1'1711 !unknown]-- strongly deform~:d. poorly indurated. 
fossiliferous. basin-fill sedimc:nts of the Espanoln Basin. Deposits are not the product of a 
through-flowing ancestral Rio Grande. Galusha and lllick (I 971 l give :1 thickness nf l!rcmer than 
J:nom. 
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