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R. I.. Origp 

U. ~. Geolo&1eal Survey 

Thie report deacribee the z;eolor;y and the occur­

rene• and ava11abilitr or uound. •ter in an area sur­

rounding Lo.s Ala=oa• New ~'!exico. The at.udy on whioh 

the report 1a baaed was mado by t.he Ground Watar Branch 

ot t.he Ueological Survey with funde hmiehed b)" the 

A~omie Enera Comraiaa1on. 

The Loa llUIOS area 1• 1n north-c•ntral Mew J4exieo • 

approx1matelr 60 mila• north-northeast o! Albuquerque 

and 25 niles northwest of Santa Fe. A a utted 1n this 

report, the area !.s about 20 milee long in an ea.at-

veat d.ireetion and about 10 miles wide 1n a north-

south direction. The town or Los Ala·~oa is near the 

center of the area. 
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4fhe rocb of tho ana are or lat• Tertiary aDd 

Quaternary age • They cone.1at Gr Yolcan1e and aed!.Jaen­

tarr roeka that aeeumulated at t.be western aide or the 

R1o G~e depreuion. For the most part. the area 

llea on the eastern flank of the Jaes Mountaina • a 

volcanic eruptive canter that etande ath~ the sone 

ot faulting a.t the westem margin or the Rio Grande 

clepreaaion. The weatern edge o:t the area u near the 

center or tbeae volcanic rocks and from t.here the area 

exteft<la eastward acrou a eepent oJ: the interior man 

or nova and an outlylng apron ot tut.r that. 11•• on the 

aedit:tentary and volcan1e rocka ot the Rio Grande depres­

sion. 

The 'VOlcanic rocb of the Je11ea Mountains consist 
' ' 

•inb or the Techicoma and Tewa c,roupe With the tol"'lller 

~aented by two ~~ap unite which constat td (1) lat1te 

and quarte lat1te ancl (2) pJJ"'Xene andeait•J and the 

latter group represented by the (1) Bandelier turt. 

(2) Cerro Toledo rhyolit-e• (3) CeJTO Rubio quarts latite. 

and (4) Valloa rhyolite. The Tachicoma group rome the 

interior masa of tlowa of the volean1e eente~. The 

Bandelier turr torsns the outlying apron of tutt. The 

Cerro Toledo rhyolite, the Cerro Rubio quart• latite. and 

Valles rhyolite are volcanic domes aaaociatecl with the 

collapsed interior or the voleanie center. In addition. 

an a~med body or sediments oeeura in the Valles caldera, 

a portion of the collapsed interior of the volcanic center. 

12 



The auite of rocks ot the P.1o trande d.epreaeion 

are referred to the Santa Fe ,;roup. Within the area this 

group ia represented b:r three main •P urdta. One 1e an 

undifferentiated eequenee or arko•ie sandstone and aUt­

Rona with S01M included bahlt. Another, the Puye eon­

glomerate, ie composed •1nl7 of l•t1tie debris deri'Ved 

trom the interior aaas ot the Jemea voleanic area, but 

1t also includes 801!18 interbedded basalt aDd a lentil or 

arkosic conglomerate. The third unit is a thick aequan~e 

or baaalt. 

Mapping and aubaurtaeo work indicate that the 

stratigraphic nn1ta are eoncplexly i:nterrela.t.ed. The 

•pping ahow that. the \Udta ot the Sant.a Fe group inter­

finger ldtb each other. The aubaur.taee work 1ncl1catea 

that two unite ot the Satlta Fe group, the undifi'erentiated 

aeqwmee and tho Puye con&lomerate, 1nterf1nge? with the 

Taeh1eom.a group or the James f.l'.ountaine volcanic area. 

13 



Adequate water raeourcea .tor the town or Loa Alamos 

are not available 1n the immediate Yicinity ot the town. 

However. water in q~~titi .. ad•quate for the preeent 

population ( U,OOO) oecure at both the eastern and weatern. 

marg1na or the •rea• In both places the aurtaee watara 

cannot be ued becaue or legal reatrictiona. Water or 
tba at.reama in the Vallee caldera, in the weatem part 

ot the area, 1a \1t1llsed by J'emes Indiana who have pri­

mordial righte t.o the now. The now or the P.io Grande, 

at the aaat marpn or the ana, alao ia eOtapletely appro­

priated by downatreul uaen. Ground wat.er 1n the eedi.121enta 

of the Valles eald.era 1a unavailable aa the present inveat1-

gat1on baa indicated that the amall. water bod1ea preeent are 

1n cloae connection with the adjacent at.reaM • ancf pumpaga 

would decreaae the stream flow. Oround water 1n t.he wut1£­

teront1ate4 sequence of the Santa Fe group 1n the eaatern 

part. ot the anta represents the onlT aouree or aupply avail­

able. Betwwen 1946 and 1952 eleven supply vella were com­

pleted in theee aedimenta. The at\ldy on which thla repo.l"t 

1a baaed indicates that t.heae valle are capable of su.pply­

inrr one billion t:allons of wa.ter annually • the amount neeea­

eary tor the town. 



lfl'ml!lm.fl! 
PURPOS'E AD SCOPE OF !HE ImPORT 

• 
Thia report 1s baaed on t;rOUDd-vater 1nYeatig11.t1ona 

requested 1n the early part or 1949 by the Atomic Energy 

CO!Biaaion. Prior to that time the water aupply tor the 

toe Al.uos project ha4 been developed piecemeal. both u 

• reeul.t or !Ul'M1"0WW chans:ea in plane for the •1•• or the 

project and aa a result ot an a'baence or information con­

cend.ftg the oecurreaee ot water 1n the area. 

FJ"'JJ the earl)" part ot 1943. when the project wu 

started, through 1945, • •ter aupply was obtained troJII 

small epriftl!S and lP'Jill spring-fed atreau that emerge on 

the moW'1ta1n elope w•t or the town. 'l'heae eou.rce• were 

deT•loped one by one aa the town r;rew during the war year•• 

It the end or the war in 191+5, howeYer, all a'Yailab~e eur­

tace water on the 110untain a lope w.a being utU1sed, and 

tbe water requ.U-ementa or the project exceeded that avail­

able troa the mountain sources. Sl'-.ortly thereatter • 1n the 

early part or 1946, Black and Veatch, a consulting !irm , 

lansaa City, initiated a teat drilling program about 10 

miles e:ast of the project. This prov-am led to tho com­

pletion or six wells by the end of 1948 1n Los Alamos 

Canyon • a tributary to the T~io Grande. Ey the time these 

wdls were completed • plans for a lal"ger project demanded 

additional water by the beEinning or sucmer. 19511 and 

Black and Vaateh &ur~ested development or t.~ound water in 

a large volcanic depreseion ao~e 10 milea weat of the project. 

15 

I 
I 

j 

I 

; ( 
'· wl 

I ' 

It- - .. 



Shortly therearter the Geolog~~~ Survey ,waa 

requested by the .A.t.omic f.nerr;y Commiaaion to undertake 

a detailed atudy or the ground water or that area an4 

to prepan a report describing the availability or water 

and ita relation to the geology in onler to provide a 

baa1a ror aol vin~ the water problema. Later • the •tudy 

area waa enlarged to cover alao the area ea•t or the 

volcanic depreaaion. Some work on baaic data is still 

1D progreae (195S) • and aome a~ditional work probably 

will need to be done on a continuing basia, but the fol­

lowing report contains sufficient 1n1"ormat1on needed to 

~lie-~, water-aupply problem~~ that may ar1••. 
L// 

? 
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PREVIOUS YOU II '!'HE LOS AUMOS AREA 

A numlter ot briet me:aoranda and eoveral reporta aa 

cited below and U..ted at the end ot t.hia report have 'been 

.rittea em the water supply for Los Ua110a. Other reporta 

wen completed wh1la thia investir;ation waa in progreaa. 

Then memoranda and reporta han not. been published• and 

only a relat1Yely a•ll amount of the reanlta or tbe work 

on the baa1c ~logy ot tbe area has been published. 

Most or the briet memoranda were written b7 Army 

J"lniOnnel during the wr years when Loa llalloa vaa expand­

ing rapidly. Th••• described the ama.U spring-fed aurtace 

water euppliea whieh are at ill 1n ue. One of tho•• sources 

vas bei.ng developed by the cODatruction ot a small clam when 

Loa llamoa vas selected 1n late 1942 as one or the project 

a1te.a tor the development of' the atomic bomb. H. w. Yeo. 

(1942) of the Corps or Engineere. who prepared the earliest 

••morand~ on aYailable water 1n t.be ana. rlsited the site 

in JtloTember 1942 • and deacrib•d a 2S acre-root reaarvolr 

that waa being built by the Loa Alamos P~neh School tor Boys 

whose plant was taken over ahortly thera .. rter by the Covarn­

mont. Teo estimated that the roservoir, red by a minimum 

now ot abo1.1t 100 gallons po~r minute, would aupply the water 

needs or a tovn or over 1,4-CO. Re alao noted the presence 

ot water in canyons to the north and •outh. When a water 

shortage developed in the early spring of 1943, D. c. 
Bondurant (1943 and 1943&) twice visited the project and 

prepared tvo memoranda on strea~ flow on the mountain slope 

17 



wnt. or the town. Later that aprinr; and again in the aum­

••r R. K. Lawrence (194) and 1943a) examSned the arM and 

wrote two memoranda which led to the construction or pipe 

linea that tap practically all of the nall eurlaco aoureea 

presetat in the baediat.e area. In late 19~3 the Albuquerque 

Diatr1ct of the Corpa or Engineers wrote a brief 8UIDU'f ot 

oxiating raeU1t1ea and recomend•<.t aome improTemer&ta 

( P.u'ble,. 1943) • 

The tinl or Black and Veatch began water1upply 1nTeat1-

gationa ill the area 1n the early part or 1946. Their work 

luted thro\l&h 1951 and in part ..... made in conjunction wit.h 

work ot the Geological SUM'ay. FoNal reports cliaeuaaing 

exist 1ng and tuture supplies ware prepa ed by Black and 

Veatch in 1946 (Lawrence. 1946) and 1n 1948 (Brown, 194.8). 

In 1948 Harold T. Stearns described br1cfi7 the geology and 

ground water- or the Tallea caldera. the l.a.rge Yolcan1c 

depreMion at. the t.op o£ the mountairuJ weat ot Lo8 Alamoa. 

!lack and Veatch prepared a reaume of thoir work in 1951 

(Brown. 1951), a lengthy report praaentir..g an enginoering 

analyeis or the existing water supply and distribution 

taeilities, the use or wat9r at the town. the capacity ot 

existing sources • and atme posaible sites f'or additional 

sources. Aa a part or the investigation by the 0. s. 
Ceoloeieal Survey three semifo:v.al reports • concerned. 

mainly with guiding, ground-vatar development, were released 

to the Atomic Energy Cowdasion during 19.50 and 1951. 
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'1'he memoranda written during the war years are or 

interest mainly ror their record or the water-supply 

d1.f"t1cult1ea that baraesed the tcnm during that period. 

The reports written after the var g:lve additional infor­

mation which baa been or coneiden.ble nlue to thia ia:rest1-

gat1on. 

Altbo\lfh nch prev10\la work baa been done on the 

buic geologr 1n the marrounding region and aeveral report• 

:mention a rev or the geologic unite that occur at. Loa .Ua1108, 

little .. terial dealing specitieally with the area ha• been 

published. 

!e•eral geologiata attached to the early armiea or 

exploration and g•olo,;ic and geographic euntJ8 ot the 

iieat viaited the region between 16)0 and 187S. Tieporta 

ot thsae early surveys were published in the 1870'• and 

deal l.u-gel-7 with the broad geologic character or the 

country; however. thGl" include Uayden•s or1t.1nal descrip­

tion ot the Santa fe formation (Hayden, 1S7)), and Cope's 

(Cope • 1877) description or the fauna from this unit wbieh 

had been collected by himself and by the ~~eeler 8urve1 

party of 187). Graton (Lindgren, Graton, 'and r10rdon, 1910) 

Yiaited the Bland mininr district, aome lS miles eouthwaat 

or Loa !lanoa, in 1905 and wrote a briar description or the 

geology and oeeurrenee or the orea or tbj!)t diatriet. e. s. 
Ross made a prelimlnary investir:ation of the Valles lo:Ounta1na 
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in the 1920'•. At. that. time base •pa tor ceologic work 

were inadequate and Foss postponed work attor a brie.t 

study. l1rk Bryan probably made a number or excursion• 

into the are.a trom about 1910 through the 1930'•• A 

tev of h1a obeerYat1ona or~ the eaatern part ot the area 

are incorporated 1n a report on t.h.e geology and ground-

water conditione ot the Rio Grande deprea•ion (Bryan, 19)8). 

'rwo ot B1"7anta students., B. T. t1e Smith and C. s. Denny, 

worked 1n ne1gbborlng araae. Betw•en 1932 and 1935 Sadth 

etudied and upped the geolou or the Abiquiu quadrangle 

whose southern boundary lies a few miles north or Los Alamos. 

In thia work he dealt briefly with some geologic units that 

also are present in the Loa ll.amoa area (Smith, 19)8). 

Denny apent aix weeka in thG Eapaiola Valley, about 19,9. 

Ria paper (Deer, 1940) describes the Santa Fe formation 

of the Espanola area and covera sediment• expoaed at the 

north end of White Jl.ock Canyon. v. c. Ialley, in eon­

neetion with pumice studies tor the Atomic Energy Commis­

sion, prepared a planimetric up and a brief geologi.c 

report on the Los Alamos area in 194!t. 'This work (Iolley. 

1948) has not been published. 
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Contemporary tft)r.k on the basic geology or the region 

baa been exttmaive. c. s. ftoss and R. L. Smith have been 

engaged eince 1946 1n a detailed etujy or ~he J~• volcanic 

aeries. repreeentat.ive units or which ir.nediately underlie 

the greater part or the Loa Alamoa e:rea. Field work on 

the11"' project 18 eaaentially complete. Zane Spiegel 4Dd 

Brewster Baldwin (Spiegel arid Baldldn, 195S) recently 

at ~died 1'.he geoloa and c.round uater or the Santa Fe area, 

eoae 2f :d.le.a to the aoutheaat. 

FIELD WOTii FOR THIS PXPORT 

·The rteld work ror t.h1a report •• atartad. in June 

ot 1949 and wae largely completed by lprU 1952. During 

this period, the SUrvey's work was d1v1dad between two 

proj•cta that were aeperated in ~1 reapecta but wh1eh 

OTerlapp~ to a largo extent aa both projeete dealt with 

the geology and hydrology or the area. The main project 

concerned the water supply with which thia report deals. 

!he other project concerned the underground movement or 
waste products d1$eharre;1 by the Loa Alai!!Oa la.'bcratory. 

Both projects were started within a few days of each 

other, and durin._""; the coural! or eventa work vaa comonly 

ahifted from tho one project to the other in order to 

coordinate ·activity with exploratory drilling that was 

carried on intermittently as an important p~~•e or both 

projects. 
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The exploration tor the lllater aupply waa centered 

ainly 1n two areas. the eastern part ot t.he Vallee caldera, 

eoae 10 mUea weet or the townsite • and ill Ouaje Canyon, 

eome 10 ldlea northea•t or the towne1te. Work on the Musto 

project. extended from the townsite eastward aftd aouthward 

to t.he l:!.m.ta or the accompa:ny:l.ng geologic map (Plate 1). 

Art additional report 1a to be written on the latter project. 

but the vork. 1a mentioned herein •• acme ot the basic data 

. collected are pertinent to the geology a:ftd hydro1ogy or the 

entire area and must neceaaarily be included in a report on 

water supply. 

At the time the projects were started, 1949, the need 

for addit10bal wt.ar f'or Loa llamoa na acute • and little 

was knowft· ot the occurrence or gl"OlUld water iD the area. 

!'he Yiew •• preYalent locally th4t the well field 1Jl Loa 

Alamos Canyon developed between 1946 and 1948 waa ba1n& · 

depleted rapidly, and there was an 1nel1nation to attempt 

to locate a separate aouree ot supply. Previous work 

(Stearns• 194.8) had indicated the prHenee ot ground water 

in the Valles caldera. Also, an 1dn •xiated that avail­

able water might be present beneath deep eanyona adjacent 

to the townsite area. The Atomic Energy Commisaion had 

awarded a contract tor extensive drillint in the Vallns 

cald.ora and for one deep hole 1n Los Alamo• Canyon, in the 

tovn area. Another eontraet had aleo been awarded for 

exploratory drilling to locate waste products bGneath tho 
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Pajarito Plateau. A part ot the Surveyta work ... the 

aelection of ait .. tor the drill holes, the deacription 

IUlCl intarpx .. t.ation of :=ateriala colleete4 from thea, and 

the aelection or aon.. tor the placeetent or eectiona or 
well ecreen. Another phase of the work eoneiated of' run­

ning pw:rping: tuta to det-ermine the hydraulic coettieienta 

ot water-b.ar!ng sonea and evaluation ot th• aupply. When 

in the tall or 1949 pumpinb ta•t• in the Vallu ealdera 

ahowed that the rrwOTal cr water fro= t.ba.t area would attect 

the nov or nearby atreama. exploration !or • w.ter aupply 

wu ahi.tted to Guaja Canyon, where ti ve production well• 

were eventually completed. Thie ah!.rt. entailed atud1H of 

teolog1c units alone the eaat edge or the Pajar!to Plateau 

and included a n\mlber or pwnping t .. ta. 

Concomitantly ld.th then exploratorr proa:;rama tor 

water • additional drilling and hydrologic atud.iea we~ 

eerr1ed em in connection with the vaate project. During 

period& or relet.ive quiet 1n the drilling programe • a 

geologie map or the Loa Alamoa reservation and vicinity 
I 

vaa prepared. The mapp1~{ waa d~e'):,on ~~~;1al-:photoa haT~ i ~ 
\ 

1nt: a seale or approxU..tely ltll.680. '!'he data were then 

transferred with • r~il plotter and by viaual 1napect1on 

to a r.1anuaeript topor:raphic nap havinf'; a seale or 1:20,000. 

This map waa later redueed to a eeale or 1:24.000 a~d 

aee~panies th1a report. 



f!!.any ot the en.tinoer1nt,; phaeea or th• 1llveat1eat1on 

vertt •de 1.mder t.h• C'U.pet"Tiaion o! C. Ve Thela and C. B. 

ConoYer- euceeaa1Tely D18triet O.olog1-' an4 D1atr1ct 

Ellgbaer tor the Cround 'Water Branch ot The Oeolo£1elll 

SQ:l'"\rey 1n Hew Mexico. Theae meu wre actively enpged 111 

... or the pap1ng teat•· and the,. made 1ntcrpretat1cme 

or aost or the pumping tnt a. Y~aara. a. J. Counclll and 

J. E. Wei'!"• Jr. directly aaaiat.d the writer. Jtr. Counelll 

,.. •••tgned t;o the project rrom June 1949 to June 1951. 

11-r. W•ir - u•!.&ned t.o the project from ~ .. ,. 1951 to April 

1952. In add!t!Oft• alt'll08t everyone in the Albuquerque 

ott1ce or the t'h-olm4..Water BNncb waa aaaigned \() 80118 pltue 

of' the work at one time or another. 

It !a a pl-ure alao to r.cord tba.nka t.o personnel o~ 

the Atomic li.aergy Commiaa1on an4 to the Eia CompanJ' at to. 

Alamoa. !~c1al thanka are due R. P. Johneon and P •. A. 

WU.aon of' the Conaisaion, and P..iehard Crook• L. r. Alexander, 

and R. Jr.. Armrt.eal'.! ot the Zia company. 
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To X.eara. c. s. Jtoq ud R. L. Sllith ot the 

Geologic D1v1eion or the Surrey t.he writer teela a par­

tlelill.ar 1ade-bt.e4neaa. Theae IDOD ·were en£a.ged in a tJt.wty 

ot the geo]A)gy and petrology· ot the JeMs volcanic ae:-iea 

troa 1946 to 1952• and they wen neYer he•1tant 1n exchang-

1nc information with the writor on the geology ot t.he region. 

To a. R. Wood ot the Geologic D1..-1a1on the writOJ"' 18 indebted 

tor advice on the late Tertiar7 ••dimenta and the regional 

atructure ot the !to Grande deprenion. Mr. Wood alao aided 

the writer in eompf.l!ng the geologic ~~ap. 

Of:OOP.APUI 
LOC.A.TIOI .A...--rD ACCESSIBILITY 

The Loa Alamos area 18 111 north-central! I~ Mexic:o, 

approxbsately 60 lld.lea north-northeast of .U~uerque and 

25 miles northweet ot Santa Fe (••• tip. 1 and 2). Aa 

uetd 1ft t.h!a report • the bO'tlftdarl.es or the area al"e coin­

cident with the boundaries or the eccompanyint geologic 

up which ese4nt1ally covers Loe Alamos County created in 

1949 and overlaps on the west into northeastern Sandoval 

County and at the northeast extenda into nortbweatern 

Santa Fe County. The Loa AlaEi.Oa area trends northwesterly 

and 1a approx1-.tely 20 milea long and 10 milea wide with 

the geographical center lyi.nt elose to longitude 106°20 •w., 
and latitude 3S0 5)•N. 

25 

!, ' 
I 

I 
- I 

't-· 
! 
1-

! 



The area ia relatively inaceeaeible, :ln part becauae 

or aeeur1ty regulationa that protee~ the town or Los Alamos 

and 1n part ••cause of the aparaity of good public roads 

through the isolated mountainous region. State Highway 4 • 

the only improv•d publie road, extenda through the eastern 

end aouthern portions or the area, eroa.ain.r; an unimportant 

part or the toe .Alamoa reeervat1on. fhia highway 1a asphalt 

surfaced in pla~ea and 1a generally considered a good road, 

but it 1a 111f,)assable t.hrour:h the mountains in winter. An 

improTed aceeaa road leads froa State Hir~Y 4 into the 

FriJoles Canyon monuaent at the south edge of the area. 

and a rew unblprovad roads, most ot which reach dead-enda, 

alao branch from t.hie hipway. The Loa Al.uoa reaervat.ion 

C8l'1 be croased em Highway 4 without re.-tr1ct1on. but the 

main parte ot thia area may be entered only throuth special 
' 

penuiBsion on acceae roads leading troa this hichw•Y• 
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The town or Loa llamoe with approXimately 14.000 

people (1952) is the only large community. The village 

or White P~k vaa bullt by the Atomic Energy CODDiuion 

to accommodate the employees of construction contractore. 

The YUlage hu a widely varrtng number or inhabitants flooa 

time to tiJH, but. the population aeema to ranr;o troa about 

lpoo to parb.ape 2p00. Totavi. a eont.raetor•a camp. baa a 

population or about. 100. 'l'be Frijole• Ca11yon MonUllent at 

the south edge ot the area has about 10 permanent raaident,e. 

PHYS IOORAPHIC SETTINO 

The Loa A.lamoa area lies in a region where rour main 

physiographic provinces are reprennted. (s .. ti&• 2.) 
Two or the••• t.he Sout-hern Rocky Mountain and !uin and 

bnge provinces • are or significance to th• regional aet.-

, ting ot the area. The Southern Rocky Mountaina extend 

southward frortt Colorado as two separate north-eouth prong.a1 

one of which lies cast. the other west or Loa Alamoa. Both 

pronge die out a short distanco south or the teneral latitude 

or tho area. The 9aatern pronr u represented by the prom­

inent Sangre de Cristo ~ange whose abrupt wast tront ia about 

20 miles to the east. (See !ie. 3.) The range dies out about 

50 miles to the eoutheast. The western pronr is represented 

by leaa d1at1net. diaeontinuous units, the moat southerly of 
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which la the Sierra NaeWento. The axia of th1J range 1a 

a011o 20 milea weat and ita 1ndd1n1te eaatern front liea 

a few at11ea beyond the waatem Mrg1n or the area. The 

:nutge dies out about 40 milea to the ao\lthweat. Extending 

_northward troll Mexico AN! aeparating thea• JSOuntain ~~aaaea 

north or their aoutherly terminationa is the Rio Grande 

depreaaion. one or the lar&e ritt valleys ot the Baain and 

P.ange province. The toe Alamoa area la in the Baa in and 

Range province and ea~ent1all1 adjacent to the western 

prong o£ the Southern P.ocky Jl!ountaina. 

In a more limited perapeetive, the area lies mainly 

on the eastern !lank or the James Mountains Toleanic center. 

(See fig. 3.) The volcanic center atand.a aa a circular 

mountainoue ele.ent athwart the boundary betveen the Rio 

Grande depreaa1on and the veatern prong ot the Southern 

noeky fl..olll'ltaina. In part • the volcanic rocka overlap the 

P.oeky Mountain atrueture on the weat and in part 1 t extends 

eastward into the Rio Grande depression. The volcanic 

center eonsieta or a steep-aided interior man which con­

tains a central area of eollapse and discontinuous apron­

like plateaus which surround the interior mass. Speeitically, 

the Los Alamos area occupies a parallelogram-shaped strip 

extending from the center or the collapsed portion of the 

James volcanic center eastward across a segment ot the 

steep-sidod interior mass and one or the adjacent plateaus 

onto plains and mesas in the central part of the Rio Grande 

depression. 
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TOPOCRAPR!' AlfD DRAIIlOE 

At the eastern aargin o! the Loa Alamoa area ia the 

Rio Crande, locally bordered by plaine and 1n part tollowinr; 

White Rock Canyon. I.u~diately nat or the plaine ud the 

west wall ot Vhite Rock Canyon there 1a a high plateau ldloae 

eurtace riaee ,ently . to the west. Hear the lledial line of 

the •t"ea this plateau abuta ap1nat the Sierra de l.oa Vallea, 

the iftt•rior aaaa ot the James Mountain8 Yolcanic canter. This 

mountain rlaes abruptly tl-om the plateau and culminates 1n a 

group or aerTate peak.a and aaddlea VHt of' which lies the 

Valles caldera, the conepicuows portion ~ the ecllapae.d 

interior or the volcanic center. 

!he narrow belt or plains that 1'r1nge the Rio Grande 

through tbe Eapanola Talley barely exten4 into the Loa 

Alamos area. For the moat part they lie aorth ot the Ot.ovi 

bridp • 1n the extreme northeaat col'"ftor ot tbG area 'Where 

they are preaeBt oa both aidea ot the Rio Orande. Th .. e 

plains al•o occupy a amall area to the eaat of the river 

between Meaita Meaa and the northern tip ot Chino Meaa. 

North or Otowi bridge the plaine are relatively tlat t.o 

gently slopint. though eommonly entrenched by shallow 

arroyos and •urmounted by low hille. As White Rock Canyon 

ie approachsd from the north the plains are aurmounted by 

hith buttes and meaas such aa Meaita Maaa. At their wast 

marbin they are sharply se~rat.ed from the plateau area by 

the Puye escarpment. a ateep 8inuoua cliff trom whoae lower 

levela a trinte or hills extends eastward onto the plaine. 
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Althout:h the weet wall cr White Rock Canron o.xtenda 

northward to Otowi bridtre, the canyon proper at.arta at the 

north eru.t ot Chino Mesa • 1,_0di.atel.y eouth of old Bucku.n. 

wher. the P.1o Gnn4e ente~ a. narrow gorge tha~ aeparatea 

Chino y._ rro. the plat .. u to t.o weet. Froa here til. 

ri Y1U" .tol.;.ow the ,;orge aoutbwutwan:t !"or 14 tdlaa, the 

entire len1th or Chino 1.!fua. Through th1a clutance the 

eheer canyon walla ant about one thOU8alld teet hi;g,h. A 

•err few aide canyona • ahort and abrupt, breach the all 

on the ... t aide, and. aild.lar breaka by larger canyons 

are 1"a1rlr ruvneroua 1D the WHt wall. The eastern 'bound­

ary or the map area onrlap• Chino Meea tor about 3 mU.ea 

and thAln .tollova tlua ax1.a ot the canyon aout.bweat.ward tor 

an a441t1onal ) m1lee. 
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Lying between the plains or the veat wall of White 
j 

Rock Cuyon and the Sierra de loa Ve.llea 1a a hit..h plateau 

which Hewitt. ( 19)8, p. )4) called the Pajar1to Plateau. He 

applied the name to "the plateau- extending ~ the Chama 

~"fer to Canada de Cochiti and lying betwe~n the Jomes 

V.cuntains {Sierra de los Vallea) and the Rio Crande•. 

Thi• plateau, capped by volcanic tutr tor the moat part, 

coven a stretch of more than )0 miles parallel to the 

Rio Crande and ia one of the prominent voleanic plateaus 

that surround the Sierra de loa Valles. Ita surf'ace which 

oriri:nally waa cc:mtinuoue is dissected by numero\18 narrow 

canyons that entrench and cut through the turr eap as they 

paaa troa weet to east across the high plateau. Aa a 

resUlt the country 1a chara.et.erl•ed by long linger-like 

mesas, whoae upper surtae• riae.gently to the west and 

abut againet the mountains. These elongate mesas with ateep 

walla are known locally aa potrel"'a. The rtat".ged terrain, 

difficult or accesa because of the narrow entrenching ean­

yona between the potreros. waa round invitine by early 

Indians who apparently liked the natural protection arrorded 

by the rour;h country. Cltrt-dwell:ing ruins in the canyon 

walla and house ruina on th~ tops or tho potreros are numer­

ous, and the plateau and ita ruins were ~~e famous by the 

ethnologist, Adolph Bandelier. 
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Steep, irregular slop••, imadiately vest of the 

Pajarito Plateau, are a segment or the crescent-shaped 

man ot the S1erra de loa Vall••• 'this mae•• atter haYing 

been severely eroded and decapitated, 1a not. a text-book 

ex.ample or a volcanic cone, but ita dark elopes, ending in 

gn.aa-crested peaks, form an impreaaive ttn.it. 'l'o set apart 

thia physiographic unit the name Sierra de loa Valle• • 

(Range or the Valleya) the terminology of the early Spanish, 

ia uaed herein instead o~ the tara James Mountains inasmuch 

•• the latter deait,nation 1• used com.only to include both 

the interior mass or the volcanic complex. ita eurround1ng 

apron or plateaua, and even the adjacent Nacimiento Moun­

taiu and San Pedro Mountaina. 

'l'he Vallea caldera, with only 1te eaetens halt included 

1n the JD&P area. lies directly veat or the high peaka that 

nant the PaJarito Plateau. Thla depression is the surface 

expression or a portion or the collapsed interior or the 

Jemes Mountains volcanic center. The entire depression ia 

an almost circular, bovl-ehaped sink about 12 miles in diam­

eter wit.b nn outer marr:in ~arked by a steep, inward !ae1nr. 

eacarpment whose upper liu~t is marked by a serrate arrante­

m9.nt or peaks and aaJ1l~e alone the curvint cre•t of the Siorra. 

The tloor or the sink is grass-covered and lies from about 500 

to nearly 2.000 teet below the surrounding rim. Thle floor is 

studded with numerous aound-like volcanic d~~es that divide 

the depression into • network or valleys. 
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Altitudu in the area rant.~ !rom about 5,360 to 

10,920 teet above eea level. The loweat altitude 1a at 

tha ext.ram• southeast eon1er or the area, in the bottom 

cr White Rock Canyon. Farther north, at the eaet-eer.tral 

part ot the ap. the river is near 5,500 feet. fo the 

west, the Pajarito Plateau, with a aoutbeutarly elope .. 

atanda mainly between 6,400 and S,OOO !"eet. Above the 

plateau., peaks along tho Sierra d.a loa Vallee range to 

~ore than t.n thOUS&nd feet. Pajarito peu vest of." Loa 

Alamos extends to 10,041 teet and Caballo peak to the 

northweat reaehea 10,469. · Cerro Toledo on the north rtm 

of the Valles caldera reaches 10,049 feet and Turkey 

Mountain to the north of Cerro Tol~o reachea 10,920 teet. 

Within tbe caldera elevat1ona range from about S,SOO teet 

on the noor to 10.3)2 at the top of' Cerro de Abrigo, one 

or the central domea. A short distance beyond the western 

part or the area some peaka riae above 11,000 feet. 'l'hus, 

the total relief" 1a ttore than 5.500 reet. 



Local rel!et ~ prot'10U.'ll.H4 t~t t~ area. All 

along \1h1 t4l f:;ock ~nyon the walla are nearly perpendicular, 

and approxJ.•tel)' 1_.000 teet hip. ff~!'OU ~ of the 

Pajar-1to Plateau c~y are 200 to 400 teet de,ep with 

•l1a that aN ln part vertical. The can,ons en tM east 

nank o.t the Sien-a da loa Vallee alao are ntt:~a4 alt.houtll 

the walla are not ae steep •• thoae or l.r1Ute Rock ~ or 

ttto.o ot th4a canycn• of the Pajarit.o Plateau. .ttowever, ele­

vat.!a:t.-:d.U'tenmeu or OYGr 1 .. 000 teet occur in pla-cea between 

caA70ft nocna an4 adJacent pe.aka 14 the 51ernh tfr1th1n trho 

Vallee a.ldara steep sided volcanic d.omi!e at-~'14 aa mueh ae 

1.500 rcet. above the floora cr the ad.jaeent -vallcya. 

AU or the nm-otr or the area goee to the rao Orancle. 

and the rim ot the caldera acta as a local d1Y1de and g1vea 

r1•• to a \mlque dnlinago pattern. :Ea.a:t or th• rim the 

~that or1g1nat.a on the Sierra ant! on t.~ Pa.jarito 

PlattlaU follow a ~re or leas direet e.attterly course to thQ 

F'1o Grande. 'The anr!'see w.atere or the Vallea ealdera drain 

westvard !rom the depresaic."l and tollov the eircuitoa course 

of JC!""AC F:i~er AMU':1cl the south e1dQ or the volcsno beforQ 

cnter1ne the Rio crande s~.e 40 m1lea south or th~ area. cr 
the atre.IDllS eaet of tht\ rim, only ono, the f~itc de loa !'riJDl&.e, 

carr1e.s wat.or to the F:!.o Crande throu.,t;hout th~J rear. 0ther 

Min ~"'l'J't)na Of the eastern p.ttrt of the area have in rilcent 

tim~• eontain•d a ~~renr.ial flow for abort distances b~yond 

th~ east r..arc:in or th9 Sierra, but a1nce the advent of loa Ala:t08 



the ~11 t.lowe o~ theae canyona ~Ave been intercepted 

on the lower alo:pea ot the mountain by the tmm 1 a water 

•ratam. The bue now or theae atraa.'nll, at pointe i.J=&41-

at.ly above 1the1r intereept!.on, rangee :t'ro."l abo..tt 25 ~1-

lone per minute in Pajarito Canyon to about 150 gallons 

per minute in Gn.je Canyon. 1C1th the exceptiott or 

R!t.o de loe Frijoles. only after heavy au.nraer atorN~ do 

the eut elope canyona carry wate~ to t.he Rio Crande. 

Two main at~, the F..ut Fork or James River .~ 

the Itit.o San Ant.on1o, drain the Valles caldera. The Eut 

Fork drains the aout.hern and the R1t.e San Antolrlo the 

northern part or the depresaion. The tlfO streams unite 

about 9 au .. wtrt of the area to lema th• main •tem ot 

James Rivar vh1eh, after tolloving an_ arcuate eou.rao 

around tba 80uthern aide or the James volcanic pil~, 

jo1ns th• Rio Orande. 
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CLDQTr J.WD vmnATIO!f 

'!'he climate a •elll1ar1d with a vide ranee ot eon­

ditiona trom the eastern to tJ'I .. e 'Wflt.8t.ern part. ct the area. 

!he plains adJaeent to the Ria Grande reeeive an average 

annual precipitation or about 10 inehn. Weatw.ard., the 

pree1p1ta.tion illereasu fairly rapidly with altitude. The 

Frijolea monument station, in a deep canyon ot tlH~ P•jarito 

Plateau. receiYM about lS 1ncbea. and the west margin ot 

the plateau reeeivae about lS inehea. Little intorma~iOD 

is avaUable tor the high parta of t.he 110Wlta1na or the 

caldera area, but. theao loeal1t1oa are 1"rom 1,000 to 3.000 

feet hither and probably reeeive an ave~e or about 20 

inehe• or more annually. 

The heavi•et. pracipi~ation ocC'W"tt during tb• •rm 
11011tha f!"OII:l local thu.nd•rst.oma that &cnerally oecur ira 

t.u ldddle or the day. Approx.U!atelJ t.hree-tourt.hs ot the 

annual pree1p1tat1oa comea dflrlng the aix-.onth period 

April throneh September. and about ono-third of the anaual 

precipitation eenerelly ta.lla during a definite rainy aeaaon 

in .July and .A.u~st when the local thunderstorm activity ia 

r;reat.est. In eoms yaare more than hal! or t-h• precipitation 

r-alls during these two months. In vintor the enowfall ia 

licht on the plains, but it 1nereaees to about 50 1nchee at. 

the veat edge or the plataau. and it mar approach 100 ir.eh~ 

in ~he hither parte ot th• mountairus, where ll1f;hway 4 ean­

erally 1• bloebd by snow from the latter part of November 

throuth Februa.ry or Hareh. 
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teaperatu.:ree ftr'1 tdth altitude. For example the 

averar,e Jul.7 temperattll"'e at the lOWft' elnat.1ona 1a about 

15 degl"'e .. while at Loa llamoe it ia about 67 degreM. Th• 

aTerap .J'anu&r'7 tetp4trature on tJle plaifta 1a abo\lt 29, and 

at toa Alaoa it. 1a rt. A on....,..r :rec:GN (1949-1950) or 

temperaturea 1n the Vallee caldera inr.llcated an aYerap 

July temperatu.re ot about 54 de£""188 and an &Terap Janu­

ary t_,.rature ot aboat 15 degreea •. 

fbe tJ&>• ct vegetation 'f'U'Y with altitude and expo­

aura, and a general change taba plaee f'rot! eut to weet 

with co:onapond1ng 1ncl"tlde 1n altitude. The plaine or the 

northeastern part of the area aro a H!ll·deaert t;;raaaland 

with Tegt!tation or tha upper Soncr&D t,-pe. The gru ... are 

three - awna, •cne aacaton and galleta, and leuer amount• 

or gra.ml!lll. Sap and rabbit brush are fairly abundant and 

cane eaetue and. prickJ.7 pear are local17 co.on. The tro• 

include aeattered piiion an.d juniper w1 th cottonwood• and 

vlllowa pruent along the Rio Oran4e. The Pajar1to Plateau 

hac a woodland paature type of cover. Blae tnmma u the 

:tain r,raaa throUghout the plateau- and the tl"ees are p1ncm 

and juniper to the east and Ponderoea pine to the weat. 

The latter tree is abundant r.:ainly •bove about 7,000 tef>t • 

but alon4 aanyone of th~ plateau. particularly on north 

elope•• it axtenda dovmtard •• low as 6,200 teet. The 

slopu of the Sierra dG loa Vallee 'have a p1ne-t1r f'oraet. 

Ponderosa pine 1e abundant fro.'7l the baae or t.he alopee up 
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to appre:d•tely 9 .ooo teat • aftd Dougl.aa and. White tir 

an abundant above about s.ooo !Mt. Spruce 1a abundant 

aD the higboat parta ot tbeee elope• and dena• groves or 
upen occur in places • particularly where fore•t t1rea 

have removed the eon11".ra 1D timea put. The v14e val-

leys that tona the noor ot the Vall• caldera are lu.h, 

unfonatad &r&Nlantla with t .. cuea 1 bunch gl"&U 1 aJl4 aome 

ae4c;tt• preeent. BlWCf:.M~•• b.a.a bean DOted locally. The 

boundJ.n& eacal"pplftt and the ateep-aided interior domea ot 

the caldera ha-n aome Ponderosa pine which 1a cMaODl.y con­

apicuoua along the aouth .ad eaat margin or Yoleanie domea, 

bat thaaa areaa an covered mainly by denee torea\ or lfPI"UCe 

and fir that contain nW"Deroua grovea ot aapan. 
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C!OLOCY 

CY:fllRAL Str~lAF.Y 

The rocks that crop out in the Loa Alamo• area are 

or late Tertiary and Quaternary age • but older roeka crop 

out in nearby areas. ltocka or Precemrian age are expoaed 

in the Sangre de Criatoa to the eaat. in the Brasos uplitt 

to the north, and 1n the Sierra Nacimiento area to the vest. 

(See fiB• 4.) Thoae Precambrian roeks. eonsiatlng or r.nnite. 

gnein• schist, and quartaite. haTe been downfaulted to 

rreat depth in the Rio Grande depreaaion beneath Loa Alamos 

~ere their upper eurtaee may lie below aea_level. Reatine 

uncon!ol"''lably on the Precambrian 1n the Sangre de Cruto 

Mounta.1na and the Nacimiento area is the ~gd.&lena group 

ot PenneylvaniaD age. This uoup. consisting J'108tly or 
llmes~e w1 tb eubordinate sb.alo and san3tone • is exposed 

a rev miles west or the Los Alamos area. just beyond the 

ve~tern martin or the Rio Crande depression; henee. at loast 

part or the group probably is present beneath the Los Ala.moa 

area. The same may be said or sandstone of the Abo formation 

or Pennayl vanian ( 'l) and Permian age. Sediments ranging 1n 

age !rom lat9 Permian throu~~ Cretaeeoue and occurring in 

the Nacimiento area and around the northwestern part or the 

James Mountains probably are not present beneath the area. 

Thoy probably W&re roz:t.eved by erosion prior to Mid- Tertiary 

time. However, there 1a reason to bGlieve that some early 
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Tertiary sediments and poeaibly some early Tertiary 

igneous roeka occur beneath the Santa f• group in the 

Los Alamos area. 

The late Tertiary and Quaternary rock$ that erop out. 

in the Loa !l.amo8 area are vcleanie and sedimentary rocks 

aasoeiated with the Rio Grande depression., an exten•1ve 

fault trough which oritinated in mid-Tertiary time and 

along Which there has been intermittent faulting ever 

ainee. For the most part the area lies on the eaatem 

!lank or the voleanie roeka of the ~emea Mountains • vhieh 

ataDd athwart and which were erupted rrom feedera within 

the fault zone at the ve•tcrn boundary or the Rio Grande 

depreaa1on. The western edge ot the Loa Alamos area 1a 

near t.he center ot the collapsed interior or the volcanic 

rocks and from there the area atretchea eastward acroee a 

segment or the 1ntsr1or mass o!' nowe and an outer apron 

or tuff onto a group or sedimentary and volcanic roeka 

that accumulated within the weet-centnl part of the Rio 

Granie depression. 

The roeb of the Jol!!t:~S V.ountains cover the r.-reater 

part cf the area. This suite of rocks is of late Tertiary 

and ~aternary aee and has been nameJ the Jemez ~~untains 

volcanic series-/. This series within the area consists or 

---··-·-------~-------·--·· ----------------------·-

40 



the Taehicoma and Tewa groups. The Tsehicoma group to~ 

the interior maea or flows or tha volcar~e rocks (the Sierra 

de los Valles) and is represented by two unite on the geo­

logic rr.ap. The older or the two units ia ot Pliocene age. 

Thia unit oeeupiee the treater part or the rugged alopua 

ot the Sierra de los Vallee. It is composed or thick 

Toleanic nows ot UflY to purplish-~.ray latite and quarta 

latita Which are characterised by conspicuous ph•noerysta 

or plagioclase tel:ispar. The younger or the two anita is 

. or late PlioeenG or early PlGiatoeene age. Thia unit crops 

out in one loeal ana on the Sierra de los Vallee. and it 

is present in the subsurface beneath the Pajar!to Plateau 

in one locality. It is. eocpoeed of nowa or dark gray 

pyroxene andesite. 

1he 'rewa ,;roup 18 or Pleistocene •te· This ;:;roup 

includes tour map unita: the Bandelier turr. th:? Cerro 

Toledo rhyolite. the Cerro Rubio quarts latite. and the 

Vallea rhyolite. The Bandelier tu!'t, composed o~ three 

distinct memhera • the Cuaje, Otowi, and Tabiret;e members, 

ia a light rray to burr-colored tuff which forms tho eap 

rock o! the Pajarito Plateau. This sequence of tuff ranges 

fro~ about 100 to naarly 1,000 feet thick. It is in part 

or ash-fall but is lareely or ash-flow oriein. Tho Cerro 

Tol3do rhyolite, the Cerro Rubio quartz latite, and the 

Valles rhyolite aro the volcanic d~e within and adjacent 

to the Valles caldera. In addition to the abov~ 1gnaoua 

rocks. there is a thick fill of nnn.amed lacustrine debris 
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overlain by terrace and alluvial tan deposita in the Vallo• 

ealdera. These ealdera aedirlent• nnre frot1t Ple1atoeene to 

Rec.nt in ar.-. 

'l1Ht suite ot rocka that accumulated 1n tbe interior o£ 

the Rio Cra.nde depreaa1on 1a referred to t.he Santa Fe r;roup. 

This group includee three JSain unital an undi£.fgrentiat(td 

aaqu.nce. the Puye e.onf'.lcr.Htnlte • and. the baaaltic: row or 

Chino Heea. The und1trerent1.ated unit 1a a acutuenc• of 

eal~cn-eolcred so41mente that crop out betwen the Sangre 

de Crifltc Je:ountaina and the Pajarlto Pleteau. Theae aedi• 

mente aN arkoaic undaton• and ailt•tone with eom.e thin 

beds or pinki.ab-eolorect clay. Interbedded baaa1t oceura 

locally. The elastic frat:=enta c:ompoaing the aecU.ment• 

wen d-.'trived largely trom the Sangre de Crlato fault block 

to the east • but arne t'ragttente, present mainlT in the aub­

eurtaee in the area, wen derived fro...., the latitie nowa ot 

the Tacb1eor.a f'I'"OU.P• The th1ckneaa or the unit is u."lknown. 

Vella drilled to a depth of 2.000 feet did not reach ita 

base. The ent 1n unit ia of ~:ioeene and Pliocene ar,e, but 

the portion that ia present in the Loa Ala~ area 1• 

b1alieved to represent only the Pliocemt part of the eequenee. 

fh;g Puye eong~cmerat.e ie exposed alonp: ths Puye eaearp­

~ont and e.lor.z: tl!-4.te Rock Can)•cn. The ror:--i1!.t1on consists of 

tvo members. The baaal menber is a channel fill which ran£~• 

tro..r:: a knife &.lr.:s to about 75 roet thiek. Thia ma~er • the 

TotaYi lentil, !a a poorly conaol1·:1ated conflonerate composed 
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ot .tnpen~e that war. 4w1ve4 tnn a Prec:ambrian terrarse. 

The upper member ill • tanglcMrate- lfh1ch r&tlC.. trOll a 

knUe *''• to about 600 t~ thick. Th1a member 1a ccn­

poaed or latit1e debrla derl ved tro:a t.lua lat1~1c nowa of 

the Tach1eata group. tho h.J• probably ia ot' late Pllooene 

The 'baealtie roeke of' Chino 1<teh an expoaa<l on Chino 

Mea. and along White Rock Canyon. Thia aequence ot rocb 

1e aore thlm. 1.000 teet in thickrl- and. probably nn.r;• 

t"rom late Pliocene to Ploietoeene 1n ap. "3le ••~c• baa 

been eeparat.ed en a bae1a of cr=poa1t1on and tom o£ extn­

aicn into t1•& unnamed meBbarw. 

A fourth tlllnaiMtd ••dhMtntuT unit <pld allurlum) or 

the santa Fe group 1• clonly uaociet.t with one or the 

.Uere ot the baaaltie rock• ot Chino Mea. 

The Santa Pe group and the Jemes ~OUttt.ai%18 -volean!e 

aerla aC'C'UmUlat4td dnrlt\g the f~tion ot the Rio Onmde 

dapreeaion. and th~ various etratigraph1c unite or the 

area a~ coqpletelr interrelated. Ficure S 1a a diagrac­

m.tie sketch ahowin~; the relatione or the main ::sap unita. 
' 

It is noteworthy that t.he uni.ta or the Santa Fe poonp intar-

f1ngtlr with each other and that the undifterentiat.ed Santa F'e 

a.."ld Puye conelOl't~ate interfin;::et- with t.he Tachieoma g,roup. 
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STP.l't'IGRAPHY 

PliPS!!!J am\ t':Rl:z Ce1!SPSM!! {t) F~~u 

Santa Fe Group 

The maiD part ot the f111 ot tlut Eepaiiola-Santa Fe 

Valley wae o.rlr..ball7 ealled the S&a't& 1e 1!1&1"1 by Hqden 

'Mho reterred to the •reoont marla «<td aande 1lh1.eh Mel~ to 

occ:upr the ,;reat.er porticm or the valle7 ot the R1o GJ"Pde 

a'boTe and below Santa Ft• (Hay4en, 1m. PP• 166-168). 

fta7den, although ... wibl.ng material~~ u eoane •• epa.d.ding-

atoa.- ,_ uae4 the marl dulgnaticm ror the al.lu'v1al material 

bec:auae the view_. prevalut at. the tiaa that the ettdi­

ments of all the fault-tro\lCh baa1na ot tha West 1Htrct lake 

depoaie.. h .:reara that followed, Johnaoa (1903, pp.Jl)-))1) 

and latv WOFk•n ehowd the aedbtmta to be chien,. ot allu-

I' 

vial origin• and marl wu dropped trcm the JUI.1l18 an4 f"ornat1on r ··· ~ 

au~1tuted. Aa mora amt sore beea• JalOw.n ot the teneral 

character or the sad menta or the R1o trand• dcpreaaion. the 

name waa extended to include the bulk ot the aediment• ot the 

tault-troUE:h r111. Dryan defined the Santa Fe !Oftlation u 

"the rain body or 80d1m.entary depoeita of the P..io Orande 

depreaaion. from the north &nd or t~• San Luie Valley 

[Colorado] to and beyond El Pa•o••••••••••••••••••" (Bryan, 

19)8• P• 20;). It now eaema desirable to raiae the rank of 

the unit. to that or ~up. u pi"'poeed by E-aldldn (1955), 

and 11\elude in it oth(l:r atratir.raphic unita which are related 
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to the r1111nr.: ot the t..io Crande dopreaaion. 

The Santa Fe group ot this report include• three 

main un!t,s: (l) an undifferentiated unit• laree:ly arkoaic 

debria deriTed from the Sanp;re de Criato l!laUJ (2) the Puye 

conglomerate• lareely a fanglomerate derived from the 

Tacbieoma p-oupJ and ()) the basaltic roeb of Chino J.~eaa. 

In addition. the group also includes a local unit or old 

alluvium. 

t.rhe undifferentiated unit ot the Santa Fe group ia 

represented by the b~1y or salmon-colored aedimenta that 

crop out troa tho f.'il.lngre de Cristo Mountaina to the Pajarito 

Plateau. The great bulk ot the •equence was laid down aa 

coaleaeing allUYial rana and associated alluvial plain depoe­

its in the Rio Orande depreaaion and is e~eed mainly or 
arkosic elastica derived from the Sangre de Cristo block. 

Renee. 1n r.eneral. tho eedimenta are eoarseet near the 

Snncre de Cristos And become finer westward. The rocks 

are mainly silty eandatonea and aaniy siltstones. Con­

elomcrates. us1.1:1lly silty to sandy • are fairly well reP­

rettented, particularly toward the east ei~e of the depres­

sion. Beds or clay are not unco~on. but they are thin an,i 

in moat eases not more than & rew feet thiek. 
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In the Loa Alanoe area a maxi•ua or abou~ SOO teet 

or the aequence, repreaenting the uppernoat part, 1a 

axpoeec on the surface. An additional 1,500 teet ia 5ftown 

from well cuttings. 1M expoeed portion extenda no...-thward 
.~-.~ 

along White Rock Canron trom near the mout.h of the Rito 4• 

loa F'rijolea. Ae the top ot the u!Ut riaea northWard. 

expoeures extend hir)l on the elopga of tbe Pure eaearpant 

and westward into the lower reaehea of Loa Alamoa and Cuaje 

Canyon.a. Within thla belt or eX])08urn, good outcrop• are 

MJre or laaa diaeontinuoua. The)' an beat 1n the lower 

parte ot Loa J.l.a110a and Ouaje Canyor..e and in tb• tringe or 
hilla along the Puye eaea~ent to the north. Talus and 

landalid• debria cover much of the unit 1n White Rock Canyon 

and alone the 4tdg.. o! baaalt-eapped ..... • The rocb bel on& 

mainly to the euterly der1 ved aui te or aed.intenta which occur 

ell the way eut to the Sanjre de Criato '~ountaina. Thera 1•• 

hovrter, aome weaterly derived materlal, particularly in the 

aubeurf"ace • and there ie ao~e included baael t. which al.ao ia 

beet developed in the aubaurtaee. 

The rocka that may be referred ent!relr to the easterly 

derived suite are mainly a1lty eandetone and sandy siltstone 

that are poorly to moderately cemented. They ranee in color 

from pinkiah £ray to hrayish pink to pinkish buff. Sorting 

ia poor and there are fairly rapid var1at1ona in 1Bxture. both 

V3rtically and hori&ont.ally. In the eoars&st typea. bedding 



ia poorlJ develope4. A taint or irregular atratitication 

is fairly reeral although a0t1te aonea ahow no horisontal 

bedding. Croaa-laJ!U.nation, holfttver, 1a fairly common, 

particularly in eou better aorted aan4atones • and a 

lentieu.lar arrangement ot coane alsea in beda or fuer 

aaterial 1a eonaon. In the t1n.er-gra1n~ roeka, the clay, 

aant17 eiltnone, and some fine-gna.ined very ailty aand­

st.one, horisontal bedding 1a obviO\IIJ. At some expoaures 

'thi• bedding ia poorly developed, in others it 1a fairly 

wall developed.. Croaa-lamination ia generally absent.. The 

bedding and the fine-grained cbaraeter indicate that depo­

a1tlon took place on flat.-lying attt"tac••· It aeetU probable 

that t.h••• finer-grained rocu were la1d down on • nat­
lying al1UY1al plain, be'J'Oft(l the margin or allurial fan 

de~ttion. 

Th• sand of the eaaterly der1 ved rocks ecmaiata mainly 

or quarts and feld.apa:r. Individual quarts particles are 

eolorleae to yellowiah to pinkish. The feldspar is mainly 

pink mlerocl1ne, but acme eolorleea feldspar, at leaat acme 

of which is plar,ioelaee and at least some of which is 

eanidine, has been noted. The aand alsea alao commonly con­

tain so~e yellowish to pinkish ehalcedon1e ailica. Dark 

minerals are nea.rly absent frO!'!! the finer aandatones, but 

they are preeent in small quantity ift the finer traction of 

many or th~ coarser aan4stone. They conaiet na1nly or biotite 

and hornblende. Some clinopyroxene also has bean noted. In 
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the graYal aisu quart•• pink microelin•• an4 r,ranitic 

rocka are !lOSt abundant. Pebble• or voleanic rocka that 

range tro. andeait.s to rhyolite are not. uncODII.On, a.nd aome 

.,.tlbl" are cor.!!J)Oaed ot quarts1te and ad'~at.. A tew are 

liuat.one. Particlea or aUt and clay aise have not b"n 

examined. The eemcmt or all thue roeb 1a calcite. 

Weat.erly derived matertal baa been noted on the sur­

face in only one loeality. Near the ~th or Ancha Canyon, 

immediately west ot White Reck Canyon, there 1a a sequence 

or ~d• that ehowa aa intermixing of eallterly and westerly 

d.erived ran elements. Thu aeqltenee, about 200 r~et thick, 

directly underlie• the Totavi lentil ot the Puye conglomerate. 

The weaterly derived material conaleta or gravel and boulders 

or lat.1t1e porphyry der1Ted trom rocka of the Tach1eoma group. 

Wnterly derived JUt.ar1ala are 110n proud.nent 1n the eubaur­

f'aee in Guaje Canyon ..mere they are inter:d.xed with e.aaterly 

derived matertals 1n e~elomerates and conglomeratic aand­

etones. Theae waterly materials are !'lOSt abundant at 

well 05., the weatern~ost wll in the eanyon, and lout abun­

dant at well Gl, the eaa~t well in thia canyon. At 

well C5 pebbles of pol,hyritie quarts latite and white to 

pale pink p~~ice o! the same cornpoait1on are very abundant 

in the upper 459 feet or the unit, above the hir.heat. basalt 

flow in the well. Thia latitic debria ie identical with 

roeka or th& Tachieoma group which crop out about 2 miles 

to the ~st. For an additional 19g f~et or to 171 feet 

~}low the hirhest b•aalt flow in th~ well, there are additional 



amcntDt or pebblN or porphyritic roeb tbat 1IIUt have 

been derived from the Techieoma group. All ot theae 

weaterly derived materialtl deereue in amount to the ea.t • 

a1Ul in wll Gl• two and one-half milea eaatward., there 1a 

only a amall 8.l!l0Uftt although aequen.cn -of bed.a cont.ainin& 

pebbl•a or latit1c material are proent in. t.he upper S60 

feet ot the unit. (See fig. 6.) 

Baaalt now and breccia are pruent 1n the uacU tter­

entiated Santa P'e and are JIOat pl"'Od.neat 1n the aubaur!ace. 

(s .. :fit;. 6.) Well C.S 1a Quaje Can1'0.'ft penetrated )46 f"eet. 

ot flow and. breccia between the depths o~ S9S and 1)27 or 

between 46lf an4 1200 fMt below the top or the un.S.t. Th ... 

bualta thin out. a.ncl 41aappear eaatvarcl. NODe 1a repn­

aented 1n well 02• ona aDd one-halt mi.l• east. ,._ aile• 

eaetwarct. how'hJ"', 250 f"fHtt ot bualtic breecia vaa pene­

trated 1n a single aequence 1n well n1. Thia sequence, 

l,.tng betwen 146S and 1715 feet below the top of the unit, 

1a belieYed to be from a nearby buried 'Yent. A single 

baaalt now ia expoaed in \1dte P~ek Canyon where it liea 

about 200 feet below the top or the unit. All ot thea. 

bahlta ar• very much alike. They are very dark r:rar to 

almoat black where treah and range to redd.iah brown where 

they are breee1at.ed and somewhat altered. All or the apeci­

aena examined micro.copically ahow tiny phonoeryate or 

olivine, ~ or l••• completely altered to iddingsite or a 
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combination or iddinESite and a high iron aaponite,-' 1n a 

:J " 
Ross, c. ~ •• Informal communication. 

f1ne-r,rain~1 groundmaaa or calcic plagioclase, clinopyroxene, 

o11Y1ne (?),and magnetite. Th• coarsest plagioelaae is cloae 

to An70, but acme or the !inest-r:rained material and ao;ne of 

the outer part.a or soned crystals aeem cloee to An)o• Xene-
-

eryate Of pla.gioclaae that haTe & •motheaten• appearance are. ... 

preaent in the two highest flawa penetrated by vall cs. Thaae 

xenocryata ot platioclaae are identical with ~enocryata that 

occur in the lat1t:l.c nowa or the Taehicoma group. 

The rocks beneath the unditfarentiated unit in the 

area are a matter of eonjeetur.. In the A~iquiu quadrangle 

nortb of Loa Alamos the Abiquiu tutr underlies the •santa Fe 

formation• or Smith (19)8• P• 9SS). Cabot found the Picuris 

tutt at a •imilar poa1t1on at several places along the com­

plexly faulted eut margin or th• clepreaa1on, at the weet 

front of the Sanere de Cristo Hounta!na (Cabot. 17)8, 

PP• 91-9)). The P1euria tuft and the Abiquiu turr. believed 

to be correlative, may form an eeaentially eontinuoua unit a.t 

th~~ base of the Santa F'e group 1n the Rio Grande depression 

in the latitu1e of the Lo8 Alamos araa. In turn thP. •Ab1Quiu­

Picur1a tuft- is probably separated fro~ the Preca~brian in 

placee in the depression by Paleozoic and early Tertiary sedi­

ments and by early Tertiary irneoua rocks. (See Geolocr. 

General Summary, p. 3 9 •) 
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Within t.he Loa Alamoe area, the upper part. or the 

undl.tteNDtiated unit or the Santa Fe group 1a oomplady 

rala~ to the P\11't COl1g]..omerate. t.lw baaaltic rocb ot 

Chino Mesa. and the lWchicou group. The Totavl lentU 

or the hT• conglomerate overll• the Uftdittenntiated. 

unit uneontormably along the Puye uc&l"pJM!'it and along 

part o~ t"h1te Rock Canyon. Alorag part or White Rock Canyon• 

howe•er, the Uftditt'erent1ated unit 1a overlain 1mc0Dtormabl7 

b7 Unit S ot th., bault1c rocu or Cld110 MeM. And• two 

all.. aoutb ot ~ .Dortbern eD4 or Chino Meu., the upper­

moe~ part ot the und1ttennt1ate4 unit !nterttngera td.th 

tJn1t• 4 aJ'1<l 5 ot the haaal.tio rocks or this aeaa. Il'llled.1-

ately north or thU part.iCNJ.ar area th• upperao8t. part of 

the tmd1f't~tat4kl ait OTerlies for. d1etanee or about 

two t!dlea, the TotaY1 larrtll of the P\Q'e condoaerate. 

(s .. pl. 1.) Th1a :part of the tmd.11"terent1ated unit proba­

bly 1• at leaat a partial tiM eqtt!valent or tbe lncha for­

mation ot Baldvin ( 195.5) • but because or 1ta iderrtiea.l 

11tholog it C&Mot be aepa:rated !'rom underlying s.aimenta 

along the north edr;e ot Chino Jieaa. beyond the point where 
-

the Totavi lentil wedco out. Tile portion of the undiffer-

entiated unit whieh eontaina debria from the Tach1ccca 

group undoubtedly interfinbere with flowa or the !achicoma 

1n the aubaur.race in the -.tern part of the Loa Alamo• area. 

Tbe total thiekne88 of the und1fterantiated Santa Fe 

1e u.nknown. The pilot hole at well Gl in Ouaje Canyon waa 
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bot.t.omad in th• unit. at a d.epth or 2100 tMt after pene­

tratiag a th1ckneu ot 1.025 feet. It may axtftd a great 

deal •~per than tha. 

The t1rat toaaile collected. tro1a the a-.timenta ot 

the Z.penola-lanta Fe Valley wre sent to the Bllithaonian 

Institution b7 W. r. M. At"n7 1n 1872 (Cope• 1#.17• P• 24) • 

The vertebrate remairt.e aroused 1Dtereat, and in th• 8U1111ler 

or 167) -~bere or the Wheeler 8ur'V87 party collect•d • 

number ot epeciuna from n•r san Ildeforuto. a mila north­

east or the Loa llaoa area. Copt ma4e a t.ri.p to the re&1on 

in 1874 aJld collected •terlal repreaenting t.hirty-on• 

apeciee or Tertnratea. Th• faunal cieaeript.1ona were pub­

lished 1n 1877 (Cope, 1877) • when Cope concluded that the 

fauna [or the aedimenta o£ the Eapaiiola ValleJ] "more ne&rlT 

reaoabl .. the upper lfJ.oc.na ~ ~ than the Pliocene or 
tb.at eontiaent• (Cope • ltTI. P• 364) • Oabom ga\fe th• age 

or the ... ··••e• •• upper Mlocen.• ill 1909 (Oaborn. 1909, 

P• 65) but in 1918 decided tbat the lowar part of the 

sequence is tran•1t1onal into the Pliocene and the upper 

part la lOlmr Pliocene (O.born, 191e, p. )4). Frick in 

1933 stat.ed that •reeent inveatit;ation indieatoe that the 

aeeumulatione or thia portion [E3p&fiola Valley area) or the 

Pio Grande basin range from the tnid-Niocene to Ple1at.ocone. 

Th• Pleistocene occur~~ in rer.mants or aeolian ori&in that 

here and there cap the irret:ular .Pliocene-Miocene surface• 

(Frick• 19)3 • P• S49). Still more recent investi~~tiona by 
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Prtck apparently indicate that the unjifferentiated Santa 

.,. ot the U.ediate region ranges in age tro• about llid.dle 
' 

Miocene to about !niddle Pliocene (Frick, 1937; Vood, at al, 

191.1, P• 31). 

The name Pu.ye graYel hae been used by R. T • t1. Smith 

as a f'onsat1on naa 1n tma explanatioa of hie sap ot the 

Abiquiu quadrangle wh1cb liee a tew mUea north or the Loa 

AlUtOa area (Stith, 19)8, P• 9)7). Smith stated in the 

text. or his paper {p. 949) that t.ba new fol"'l!ation which he 

had mapped would be described in a forthcoming publication. 

Thia deacr1ption has not appeared ,but during the couree ot 

the Loa Alaaoe wort a prold.nent conglomerat• vaa traced 

nort.hward and fO\Uld to bo equ1Yalent to the Pur• gravel aa 

mapped. by Smi t.h. In this report • however, the name Puye 

con&].Oilerat.-f ie used 11\aauch aa t.ha !oration 1a 
J ... .,.__.............,.-.,.... ... ·- .. .. . ........,._....~ 

Rosa, e. S., Smith, R. L., and Grigga, R. L., 
Noaonclatnra by mutual agreeMent. 

sufficiently consolidated to stand 1n vertical elltra. The 

type locality is the Puye eaearpm~1t and the doep canyons 

that breach thia escarpment. 

The Puye eontlomerate is a formation or vory local 

extent. It oeeura only on tb~ east side ot the Sisrra de 

loa Vallea where it li~a adjacent to the latitic rocks of 

the Tschicoma group. The strip occupied by the formation 
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1a about 10 mllee vide. ant11n the north-south direction 

expoauree extend over a diatanee ot about 15 miln, from 

the latitude or t.epanola aout.hwani' 1nto the Loa .llamoa 

area. South ot ita expoaures it probabl7 exists in the 

aubaurtaee for a number ot eilu. although here its eaat­

'Wdt extent probably 1a .fairly narrow, South ot Loa Alamoa 

Canyon the depoaitiOI'l wu reat.rlctecl on t.he eaR by lower 

unita or the 'baaaltic rocks or Chino Mesa. 

The Puye eont;lO!drate hu been d1Yided into two sub­

units. A. thin bual member 1a a •and>' con&].O!'llerate e~oaed 

ot trag:Mtnta that wre derived larcely t'rom rocka of Preeal'!t­

brian aee. Thia ms=ber. herein named the Tctav1 lentil. 1e 

a broad channel till. The thiek overlying maber 1a a .tan­

glom.-at• compoaed of rragments dar1'Ye4 troll tb.e lat1tic 

roeka ot the Taehicoma group* but 1t alao includoa aoma 

basalt nowa. •t•r-waahed pumice. tuft. and aome laharic . 
( I!Nd now) 'beda. 

Totavi ltntij. - - The Totavi lentil _/ 1e named tor 

_/Roes. C, s •• Smith• R, L., and Origg;a, R, t •• 
ttomenclature b7 mutual agreement. 

the community o£ Totavi in the eastern part of the area 

where thia part of tho tnrnation 1a excavated for concrete 

acueeate. The lentil ranrca .fro:!l a kni!'e E"dp:e to about 75 

teet thick and 1e a poorly consolidated conglomerate ~osed 

or Mterial rant:inr rro~ !'ina sand to boulders over one foot 
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1n diameter. The aand, eompoaed ehiany o! quarts and 

mierocline 1 oeeura u lenaea a.."ld aa an interwtitial tillin£ 

between the larger aisea. !he gravel and boulders are ~1n11 

quartsite,. granite. and pe.~tit!c roeke derived !rom Preca.:~ 

briarl aoureee, to the north ar,d east. Some frapenta are 

volcanic roeke that are for the ~t part torfli;:n to the area,. 

al'ld only a raw boulders are eompoeed of' roeka from. the 

'I'aeh1eO!':ta group. 

lnown expoauree ot the Tct&Y1 lentil extend tram sev­

eral miles north or tho Loa Alamos area southward to the 

junction ot White Rock and Ancha Canyons 1n the aoutheaat@rn 

part or the area. Good expoaurn are eaaentlaUy continuous 

alone tho Puye eaea.rpment and in to. Alamoa and Guaje Canyona 

when. the lentil oecura alott~t a topographic bnak between 

relatively steep alopn !omed on the underlying undiffer­

entiated Santa Fe a:nd the vertical el1fta romed by thm over­

lying eemcmt&d part of the Puye conglomerate. In t.he vest 

wall or White Roek Canyon the lentil ie continuoua. thour,h 

poorly expo~ed, to i~diately south of Ancha Canyon where 

1t 1nterfin~era with basalt and aedi~nta or the loweat 

unit ( TQb5) or the basalts er Chino r·~esa. Boyond this. point 

!t could not be separated in ~pping from anclosint basalt 

flows. Gn the eaat side of the Rio Grande the lentil has a 

yery limited extant, but it is rep.-.aentad. th4lre by thin 

wedr,ea that p1neh out eastward. 
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In the nbaartace weat ot the outc:rop ar.aa 'the 

lentll vaa reeor;nis~ in aeTeral vella and teet hole a. It 

occura in Cour welb 1ft Ot~aje Canyon but pinch.. out between 

walla G4 and GS in thia eanron. It a.lao ia preaent in well 

L4 in Loa Alamoa Can~ aJ1d. in tNt hol.ee n. T2 • and T) 

tartbe:r weat. 1n Loa A.lamoe and Pueblo Call7on•• In bole !Q 9 

in Loa Alam.oa Canyon it is interb•d.ded between two qnarta 

la.tite nowa or the Tach1cow.a UC'tlP• 

The Totari lentil 11•• unconformably on the 1Uld1ttar­

entiate4 unit o£ the Santa Fe group. In plac .. the relation 

1a one or diaconformity and in other placee a al1tbt angUlar 

uneon1"orad ty ,..., be noted. In th• northeutern part or the 

area tha len.tU 1a OTerlain cont01"'mabl7 by the =air. bod7 of 

Puye conglomerate. At the northwest tip ot Chino Me" it ill 

overlain contorma'bly by arkosic sediments or the undltter­

tantiated Sltn.ta P'e. In White Rock Canyon 1t ia cverla1n by 

and 1nter.t1ngen with the baaalt1e rocb ot Chino Meaa. For 

the eo.t part 1 t 1.8 overlain contornably by Un1 t 5 or thue 

ba•alta. but. aout.b or Aneha Canyon it intert1ncers with thia 

u.~it., and in phcu the lentil 1JS overlain eonfonubly by 

Unit 4 of the basaltic rcx:ktl or Chino Hcaa. '!'o the weat, in 

the subaurraee. the lentil 1nter!inrera with quarts latite 

rlowa ot the Tsehic~~a r,roup aa shown by the lo~ ot hole F.l9 

in Los Alamos Canyon. 



landRMt!H amhar· - - The main body ot the Puye­

the ran,glom01"1lte umber - 1a composed or dabria that baa 

been wuhed eaatftrd £rom I"''cka of' the Tachieoma group. 

In th• Loa Alamo. area expoaurd ot thia 1181llHtr uten4 

trom a point juat aouthwnt or Otowi bridgo nortbweetward 

along ean:rona lnclaed 1n the Pajarito Platu.u an4 north­

ward along the Pure. uearpme:1t. Here the member nanda 1n 

grayish butt colored cl1!ta ~ieh have been 1ntr1eatel7 

nuted by eroaion. 

Light ~;n.Y p\lldce bade ranging troa a thin tUm to 

a rew teet thiCk have been noted at •••eral localities 

on the aurtaeo • and such beda are very well 4eveloped 1n 

the fanglomerate 1n two teat bolo. nera 1a 90 te•t or 
pu:de• in the lower part. or the unit 1a. teat hol• ,., 1n 

Loa Alamos Canyon ud 320 .teet or pumice 11 .. 41rectly on 

top of the Totavi lentil in teet hole T2 in Pueblo Canyon. 

Th•• punice beda ar• compoa.ed ot angul.a.r to aubangular 

f'nt;lMflte •• much aa two inches acrose. tocall7 they con­

tain abundant fragment• ot porphyritic lat1te. Aah-a1ae 

material e~nly tilla the interet!coa. The pumice ia 
. 

l•t1t1c and tiny phonoeryeta or biotite and plagioclaae 

are com'\'\On. Tiny hornblende ar:.d pyroxene phenoeryats 

havo been noted a1ao. For the most part these beda seem 

to be water-waahed • but acme ahow wU developed horizontal 

beddin,r,,. and these r.'lliY bo of aahfall origin. At the ea.atU'!l 

martin of the ur~t. alonr, the Puy~ escarpment. thore are 
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eozaenl.y a few thin beds ot vary tine-grained white tu.tt. 

TheH bed• • ranging from about 1 foot to ) feet thick• reat 

directly on the Totavi lentil and repreeent water-laid ash. 

Other thin beds or tuffaceous material have alao been noted 

at this atratigraphie position at plaeea near the eastern 

urgin ot the fanglomerate member. A.lao represented at. eome 

erpoauree ara beds in which large iaolated boulders oceur 1n 

a matrix or sandy ailt or a1lty aand. Beda of this character 

probably repre .. nt laharic-type material. 

~oat or the !anglomerate mr.aber ia silty. sandy eon­

glomerate in which two types or beda commonly can be rec­

ognised. Theae alternating b&da. difterinr fro~ each other 

only in the :relative abundance or finea. 1:;rade into each 

other in places and small lenaea or tongues ot the one occur 

in the other. In one type of bed ailt and aand aisea are a 

relatiYely minor eonatituent, occurring mainly in tha interaticea 

between larger tragmenta. In ~he other there is a h1th proper· 

tion ot aand and a1lt and these grain alsea c~nly predomi­

nate over gravel and boulder•• Sorting 1s mare or leaa 

chaotic in both typaa or beds. Near the voatarn martin or 
the aecber. where it is eoaraeat, boulders and an&ular bloeka 

as lar£e as five feet across oeeur in a matrix that ranges 

downward to silt siae. Ten milea eastward, at the eastern 

margin, wh3re the member is finest, usvel, sand. anj eilt. 

are 1nt1mttely aaaociated. Bedding is poorly developed 

throug,hout thG mer.z.ber, but a layering that dips one or two 

degrees eastward can be seen at noat localities. 

[, 



All ot the detrital tragmenta are lat.i tic. The 

p.bblea • cobbles, and bouldera are composed or D"*Y to 

purplish £raY to reddish quarts latite and latite. Both 

types ot tragmenta haYe a very conap1cuoua porphritic habit. 

Phanoer:rat• ot plagioclase, ranging to more than one-halt 

1neh long, form some 25 pereent of' the roeke. Ot.her pheno­

eryet.a, much leas conapieu.ou, are augite. biotite, and 

honiblende. The quarts lat1 te trapant.a alao contain a mall 

pbanocryata ot quarts. The sand is composed ot tragmenta 

or theM rocka and their phenoel"')"8ts. The silt ia latitic 

debris that ia commonly partially r~aaay to glaaay. 

Flowe or basalt occur 1n the tand,omerate in the aub­

aurtaee. The flowa between 176 and 255 feet in teat ~ole 

Tl 1D Pueblo Canyon and those betw.en 266 and )88 teet in 

tnt bole T) in Loa Alamos Cany011 are -..41\lllt ar&J t.o dark 

er&Y in their t1ner trained port1ona. Thin aeetiona show 

••11 phenocryst• ot plagloclah aDd tiny phenoci"J8t.• of 

olivine and clinopyroxene in a Cine-to sedi~grained 

groundmaaa ot aemi-telted plagioclaee- clinopyroxene, 

olivine ('f), and nuagnetite. These !lowe are identical 

with some or those ot Unit 4 or the basaltic rocks of Chino 

Mee.a and are ao correlated. The basalt between 410 and 510 

feet in test hole Tl ia similar to those described above 

and ia tentatively correlated with the same unit. 
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The upper surface of the Puye 1a ~ eroaion surface • 

hence the original thickne.. ot the fanglomerate member can­

not be determined. Aa it now exiats. the thickeat known sec­

tion ia 6)7 teet in toat hole T2 in Pueblo Canyon. It ia 

thinnest along the eaat edge or the Pajarito Plateau where 

about 200 to 250 teet or the unit commonly ia present, but 

it tbina to a knife edge ju.at aout.hwaat or Ot.owi bridge 

when it abuta againat basalt or Unit 4 or the baaaltic 

roeka ot Chino Mesa. 

The tan.glomerate member reate conf"ormably on the TotaYi 

lentil and along ita eastern and. weatern margine relatione 

indicate that the fanglomerate 1a eontemporaneoua in age with 

parts ot the Tachieoma group and the basaltic rocke or Chino 

Maaa. P..oaa anct Smith J have noted. that it interfingers with 

JRoaa. c. s •• an4 Smith. R. L •• lnft..~ c0111UB1cation 

the lat1tic tlova of the eutem mar.girl ot the Tachicoma. and 

in bole Hl9 in Loa Alamos Canyon it is o•erlain by flowa or 

pyroxene andesite of the T•ehicoma &reup• Along White Rock 

Canyon the interfinrering of the Totavi lentil with the 

lowest .flows of Chino I·~esa ('I'Qb5) indicates that tho immediately 

overlying baaalt of thie unit ia equiTalent in age to the lower 

part of the fanglomerate. The occurrence within the ranr;lomer­

ate of basalt that is identical in appearance and mineralocr 

with some of the now of Unit 4 or the basalt of Chino ~~eaa 

indicates contemporaneous ace~ulation of this basalt unit 
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with higher part-a of the tant].omerate. f'\.()clt"..s that overlie 

the Puye diseontormAbly include& (l) Units 2 and ) ot the 

basa.lt1e rocks or Chino ?:esa. (2) the old alluvium, and 

()) the Bandelier turr. 
Although th~ age or tho Puye eonrJ,omerate has not 

been established it ia believed to be late Plioeene. Foe­

sUs round immediately above the Totav1 lent.U have not been 

studied. 

The rocks of Chino Mesa consist ot a thick a~quenee 

or baaaltie to andesit1c rocks with minor u:rounts or 
included sedi.Dmnts that tor-e Chino 11en and e.ap so~ out­

bing maaa and buttes t.o t.he north. The rocka belong to 

the interior or the R1o Grande depreaaion., and only the 

northern and western extansicna are present 1n tho Loa 

Alamos area. Here outcrops occur on meaaa and in the wall• 

or \\'hite !Zoek Canyon. In order to determine the relations 

or va.rious parts or the unit to the Puye eons~lo.t!erate, five 

sub-units ware separated in the area. 

Unit 5, the oldest of the sub-units, consists or 
basalt, basaltic tuff, and locally SO!!le associated sedimnnts. 

The individual basalt flows are o,m.'ilrally thin and eor:'1!'20nly 

not over 25 feet thick, and they renerally show w~ll­

developed eolnrnnar jointint• They range in eolor !rom dark 

r;ray to almost black and there co~only is a taint r:r~enish 

hue. All aaporphyritic. fn.~ll phenocrysts or olivine, 



ranging to almoat one-quarter inch aci"'U ar. preeent in all 

epee1mena thOU&h 1n many plaeu they are h1,;h17 altered. The 

alteration 1a nriable. In acme apeci•u it ie a mixture ot 

aaponite and celado.n1te -'1 in otbere it 1e 1ddinga1te. A 

_/ 
Smith• !. 1. •• In1"ormal eoraun1cat1on. 

number or epe•illens contain amall xenocl"Jl't• or qUAJ"ts aur­

rounded by a rim ct ract1at1ng cr,.ataa ct augite. The uouncl­

••• 18 aodic labradorite• clinopyroxene tbat probably ia 

pigeonite. acme olivine that commonly ehowa the aame altera­

tion aa the phenocJT8t•• and aO!H magnetite. The bualtic 

ttltte ot the unit are very diet1net1ve and in the aouthern 

part ot the expoaure belt they are very conapieuoua. Th .. e 

tu.tta are YeJT thinly bedded and weather to a drab color. 

Thq gracle to tuft breccia in placea • ud they cOliDODJ.r con­

tain aome pebblea that ban been derived trom Precambrian 

aoureea ancl. acme that have been derlYe<l troa the Taehicoma 

group. The uaociate4 aed.L'nenta are preaent near the north 

end or the unit. At the mouth or ~ortandad Curon they eon­

aut or arkoaic aandatonea and ecm,glOl!leratee t.hat contain 

interbedded basalt. 

Unit 4. conformably overlying Unit s. ia tha main elitt­

fomer along White Rock Canyon. It eonsiata of nowa or both 

basalt and basaltic andeaite. Loeally thare il a little 

basaltic turr and thin aandatone beds. The !lowe ~en4 to be 

~on masai ve than thoae ot Un.it 5. In places individual 

news ranre to over 50 reet thick. !hey ranr.e from tTa.Y to 
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clark ln7 and are g•nerally lighter 1n color- than thoee ot 

tbe underlying unit. Some apee1mena ehow amall or tiny 

pheoeryata cd olivine onlyJ otb•u"'l show both ol1 vine and 

pyroxene; atUl others olivine. phyroxene and pl.agioclaaet 

an4 etiU others ehow amall phenoer)'8ts of pJroxtme only. 

The groun4ma88 18 Cor:tp08ed O!' pla€iOclaae 1 clJ.nopjroxene 1 

and aoae magnetite. Some apecimene may contain a little 

olivine. The plagioelaae ra.r&&•• from aodic labradorite to 

ealeic andoalne. 

Unit :J conairta or maaaivo, einp aicled. ttOW8 or dark 

gray baaalt that- eoaonly have a thick sone or breccia at 

their baH. These flow apparently cwerlie Unit 4 d.iaccm­

.tormably 11 an4 hdimenta -ociated with the fiOWII O'NJ"li• 

the Puye eon£10t1erate diaeontormably. The but .u4 aoat 

acc-ible exposure or the unit 1e along H~gh•y 4 at the 

top ot the hill west ot Totav1. Here the upper part or a 

now p1neh .. out in sed!ntenta or post-Puye age (old allu­

Yium). The roeka or the unit contain large to 11u.ll pheno­

eryata or olivine, and acme apeeimena cont.& in t.1ny pheno­

cryats or P'·.akioelaae. The groundmaaa 1a compoaed or 

plar,ioclase and clinopyroxene with a little olivine and 

r::-a01etite. 

Unit 2 conaista or two rlows o! basalt that orit~nated 

on the east aide ot Chino r,~a•• and rlowd northwdtward into 

the Loa Alamoa area. At J~eai ta Meaa these nowa and eorne 

underlying basaltic tuft overlie the undifferentiated unit 
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or the Santa Fe goup tmcontormabl.y • Farther .treSt., toward 

"'· Totavi. they unconformably oYerlie the Puye eon~arate. 

Just -t or T~v1 t.he upper ot the tw !lowe enda. Tbe 

lower one contina .. weatward. 1"or a short diatan.ce and then 

abut.a againat • -1Ye now or Unit ,. The two tlowa an 

identical ln charact•r. They are dark gray and. coutaiD con­

aplcaoua phettoel"J'et. or oli Yine, acme of which hue a thin 

ria o~ iddiapit.e. A tew xenocJoyata or quarts, pnerallJ 

aurro\Ulde4 b7 racliating crptala or augite, ban bee.D noteci. 

The ~ 1e very eodlc labradorite, clinopyroxene, 

olirtne, atld magnetite, g1Ten 1n the order ot abuadance. 

Vni t 1 conaiata of late cinder conea, loeal nowa, 
and a aall 4ome or baaalt. They oYerlie uncontorma\ll7 all 

the rocka w.tth which they are in contact. The acotd'om­

able nlat1on ~o Unit 1, the nut olcler u.nit, call beat be 

eeen at the north end. of Chino Me... Where t.hey are not 

orld1sed the rocb are almoat black, but in the cinder 

eonea wh•re they are highly vesicular and oxidiaed they are 

brownish red. They are inconapicucualy porphyritic and in 

aome hand apeeimena phenoeryata cannot be noted. Thin aec­

t1ona show tiny phenoeryeta or ol1rtne. poaa!bly a f"ew of 

pyroxene. and a few ot labradorite. The tine-grained to 

&laa•Y ground~~.. ahowa platioelaae mierolitea and pyroxene 

with a litt.le o11Y1ne and ugneti.te. 



The oldeat unite of the basaltic rocks or Chino f~eaa 

probably are late Plioeene and the youngest are almost cer­

tainly Pleistocene. Unit 5 eonformably overlies and inter­

finr.era with the Totavi lentil or the Puye eon&lomerate. 

Therefore much ot Unit 5 is contemporarutotta with the lowest 

part of tbe tanglomerate portion cf tha Puye. Unit 4 alao 

is contemporaneous with the ranglomeratic Puye •• n()\(8 or 

this unit occur within the fanr.lomeratic Puye. (See lor.• 

or holes Tl and T-1.) Unite 4 and 5 interfinger with the 

uppermost part of the undifferentiated unit of the Santa 

Fe at a point about two miles south or the northern tip of 

Chino F.esa. The three youngest unita or baaalt are or post­

Pule age. Unit ) may be aeen to 1nterf1nge.r with a~dimenta 
" 

(old alluvium) that lie discontormably on the Puye near the 

top or the hill west or 'lotaTi. Unit 2 probably cloaely 

followed Unit ). but evidence ie not sufficient to bear this 

out. Unit 1 is almost surely or Ploist.oeene age. It resta 

unconformably on Unit 2. end beyond the Loa Alamoa area it 

is associated with a low pedi~nt. or terrace along the Eio 

Cra.nde. 

~fear the east edge of the Pajarito Plateau some hirh · 

level alluvium reate unconformably on the Puye conglomerate 

and is associated with flows of Unit 3 or the basaltic rocks 



or Chino Mesa. Thia aUUYium consi•ta or clay, eand, and 

r:ravel and locally includes a minor amount or basaltic tu!t. 

The best development as well aa the beat exposure of the 

unit ia along Highway 4 near the top or the hill west ot 

Totavi. At ~~la exposure there are four seta or beds. 

The lowest is a one-root bed of basaltic turr. Th1a ia 

overlain by 20 teet or brownish gray, thinly laminated clay 

which weathera to a dull brown. Next. 1a about 50 feet or 
.sUty aand and gravel that rangea from bu!'t to brownish 

yellow. This 1a overlain by about 25 teet or gray, thinly 

laminated clay that waathere to a dirty grayish graGn. 

Northward • beyond Guaje Canyon., only the sand and gravel 

and the oYer lying clay have been noted. S.outhvard • some 

of the beds have been noted in ).tortandad. C.nyon and at the 

northwest tip ot Chino Mesa. 

This alluvium ws deposited on a pediment surface cut 

on the Puye eonr~omerate. but at placas it abuta aeainat the 

edge or a hither. partially dissected pediment also eut on 

the Puye. The deposition occurred behind basalt of Unit 3 

of the basaltic rocka or Chino Meea during the tiNe theae 

flows accumulated. At the exposure alonf Highway 4 weat or 

Totavi the alluvium is in contact with a steep-sided flow or 

basalt which hae a tongue thet pinches out within the allu­

vium. The are -ot the material is believed to be either late 

Pliocene or Pleistocene. 



Tachicoaa Orottp 

The Tachicou. group inelud•a all of the rocka ot the 

complex interior ••• ot the JU18s 1-~ina Yolcani.c aeriea • .J 

The type locality ia Teehicoma peak• about S mUu north ot 

the Loa Alamo8 a.rea. In the Loa .Al.Poa area rocka belonging 

to the uoup lie between the h.Jarito Plateau and the Vallea 

caldera. They occupy ~· greata- part. ot the ateep n.tt,ged 

alopea to the west or the plateau. where their upoaure belt 

1a a aepent ot the Slvra de loa Va.llea. Two up anita have 

been aopantted within the belt. One• COYering hearly all ot 

the belt, conai.ate ot coupieuouly porphyritic n.owa of' latite 

an4 qual'"ts lat1te. The other, occupying a fti"J' local area on 

the eurface, conaista ot rather 1neonap1cuouly porphyritic 

p,roxene andea1te. Thla 1D'l1t 1a ~· de'ftl.oped 1D the aub-

aur!ace. 

The lat1te and quarts latite unit oecure in tlowa that 

range rrom about 200 to about 400 teet thick. and the rocke 

are aainly 1:ray to purplish t;ray. but in plaees they range 

to reddieh brown. Both rock typea earry abundant phenocryata 
.. 

of plagioclase which t~~d to ba slightly larger and more abun-

dant in the quarts latitea where they range to over one-halt 

inch tn greatest dimension and coMmonly compose over 25 per­

een t or the vollL"ne of the rock. 
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ta general the quarts lat1te nowa are preaent to the 

nol"th of LH Alaoa Canyor.t and the Qwmason tork ot th1a 

AJ170ft. where they £ora dia~1nct1n-t{\Jalll0cky alopH. ln41-

Tidual expoeurea generally •how pronOUDced jointing an4 1n 

plaeee t.he non l:ftd• to blockf ~eeia. s.. upon:rM 

ahow now tope that era4• to pumlceoua slaaa. The abund.a:nt 
·~ -... _ 

plagioclaee phenocr,sts actually are 1D large part xaDOCr)'llt.a, 

and ol»YioulT wre ll~ 1n eqa111brtwa wit.h the groun4man in 

..tdeh ther occur. !he.. xenoerrate have a motJuaa.ten appear­

ance caueed by tiny a-na of inel\tded glaaa. The'J are •'ba.7M 

by ground_.. •terial• and aome are reaorbed to t.he extant 

that onl:y c;hoet-l1k~ ~· are recogniuble. The plas;i­

oclaee pb.noeryate that belong to the rock are treab 1ft 

appearance ancl ahow good alb1U twinni.n£. Other phenocl'11fta 

pl"''ltJent are ~1. Th.,. eonaist o~ quarts. biotite. hom­

blende, and au.eite. The quarts ie au'b-round and eaba,J'M. 

'the biotite and hornblende are 1n Tariou stage• or resorption. 

The groundlnaaa ot theae roeb is eompoaed ot plagioclase • ortho­

claa•• augite. ·a little tine ma~etite, aDd varying amounta ot 

g'laea. 

The lat1te flowa are preeent to.the south or to. Al~~• 

Canyon and th&y appear to ~~v• la~d arain•t the quarts 

lat1t• new near the axie or this canyon. In hole H16 at the 

head or the Quemason .fork or the canyon latite oYerliea qttarts 

latit• with the former present from 627 to 890 feet and the 

latter present !rom 890 to t.he total depth of' 1.269 feet. 
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Swthw.rd.• the latite ronw somewhat a:::aoother alopea than 

the quarts lat!te to the north, lll'ld the nova appear to 

have bean more refU].ar and 1••• ptJJty than tboae vhi.ch gave 

rise to the quarts lat1te. The rocka are,. howeYer, very 

aimilar to the quarts lat1te and prMumably belong to the 

aa. period or erupt1ona. T'.ney contain larg,e phenocrysts 

ot plagtoclue that are in eenaral identical with thoee or 

the quarts lat1te, incl'ud.in.g even the roreip nriatr. The 

amall mafic phenocl")"8ta ~ the· aa.ma a.nd. includ• augite and 

mON er 1 ... reaorbe4 biotite and hornblende. The augite 1a 

more abundant than in the ·quarts latite. Unlike the qU&l"ta 

latite,. qual"ts phenocryst• ar• abltent. Tbe groundmaaa ot 

plagiocla.ae• ort.hoclu•• aq1te,. ao:a ttn. mapetita,. and. 

1n plac" ._. glue te aWlar to that of the quarts latite 

but there ap))M.re to be lue orthoclue ia the ~ ot 

the latite. 

!h• pyro.xene an.deaite map unit ia expoeed 1n a small 

area north ot Loa Alamos Canyon where it liea diaconfomably 

on a now or quarts latite. In the aubaur!'ace in hole Hl9 

it ia repreaGnted by two or three tlowa having an ~pte 

thickness of )47 feet. The rocks of this unit are 1ncon-

,ap1euously porphyritic and range troa rray to dark ~Yin 

color. Locally they ahow a rev scattered phenocryate of 

plagioc-lase ranging t.o about one-quarter inch acroae but 

tor the most part the pnenocrrata are to be not&d only by 

close examination and aome specinena are alnoat non-porphyM.tie. 



'!'he phenocryst• ccm•iat of soned plagioelaae and pyroxene. 

with the pyroxene including both augite an(., byperethene. 

One ~J,peeiun examined showed. soee foreign brown biotite. 

The ground.-... ia compoaed ot telt..t plagioclase• pyroxene• 

and ao:M QgDetite. 

Throu,ll aneral eriter1a 1t 1e ~aible to relate t.he 

rocka ot the Taeh!coma croup to the undifter.ntiated unit or 
the Santa Fe group an4 to the Puye conr.lomerate. Debria 

fro= the quarts lat1te nowa 1a preae.nt in the up]Nr part of 

the und1tterent1atad Santa Fe. This debris ie abundant in 

the .ubnrt•c• 1n the upper 400 teet ot tbe ro:mation 1n 

Guaje Canyon.. In vella G4 and 05 it 1:a confined to that 

.r:ort.1on ot the formation lying aboY• ttu. h1gbo•t baealt now 
in thetle -u... (See t1g. 6.) In hole H19 in Loe llam~ 

Canyon the Tota'Yi lentil ot the Puye e0tl£1Mfll"ata 18 inter­

bedded in the upper part or the quarts latite sequence. And 

both the quarts lat!te and lat1te turni.rutd debr-1a to the 

main body o£ Puye conglomerate 1n the Loa Alamo• area. In 

turn the Puye conr.lome.rate ia overlain in hole Hl9 by ncwa of 

the pyroxene andesite unit or the Tsehicoma group. 

The relation or the T8ch1e~a croup to the upper part 

of the undifferentiated Santa re and to the Puye eonrlo~erate 

indicates that the 7aehicona rroup is o! Pliocene and possibly 

early Pleistocene instead of Mioeene ae;e ae vaa U8U1.!led by 

early worL"'ere (Darton, 192SJ Bryan, l93S). In •arl1er work 

it waa assumed that the Teehicoma group was eorrelative with 
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the main body or volcanic roeka in the San Juan :region ot 

Colorado. However. the upper ltmit ot the undifferentiated 

unit ot the Santa Fe group is apparently cloae to crid-Plioeene 

age (Frick. 1937). and debria from the Taeh1coma group doea 

not extend greatly below thia limit in Cuaje Canyon. In well 

cs. which la eloeeet to the main body or the Tsehieoma group. 

debris trcm the lat1te an-d quarts ht!te 1a not preaent below 

the top or the highest baaalt now which 1• 4&! teet below 

tb• top of the unit. (See f1~. 6.) Below this baaalt there 

ia some debria trom older ~ oeks or the !sehieOltla group tor 

an additional 200 teet. At greater depth the on].y posaible 

evidence ot the existence or rocks or the Je~e• Mountain• 

volcanic sort. 1a the thick basalt aequenee in the weil. 

Thia thick baaalt aequence may represent the beginnings or 
the volcanic aeries. The pyroxene andesite unit or the 

Taehieomt\ croup. overlying the Puye eonglomsrate. probabl7 

repreaenta aome or the youngut now or the group. Theae 

yoUllgeet now.s may be o£ early Pleistocene age • 

"Ple!!S2~e~~~ Res~nl fock§ 

Teva Croup 

':'he name TOWli grou:p-/is used herein tor the late 

--------------------------------------------------------
-'Ross, c. s •• Smith, r.. L., and Crigga• R. L., 

Bomsnelature by mutual agr~eement. 

-------------~------ ---~---·~·-------

rhyolite and a local unit or quarts latite that constitute 
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the latell't eruptione o.t the Jemea Ji.owrt.ains Yole&DO. Aa no 

a1nt.l• ph1W1ograph1c .fea:ture 1• pnaem trera which to t&ke 

a name tor the dinrae P"'liP• Tawa hu Hen choaen· 1naamuc:h 

•• · a large part ot the area 1n llhlch the poup oC"C112'S ia 

knowll u the C011fttr'J' ot t.he ancient 1'ew Inc11aa tr1b41. 

J'omationa belonging to the group w1t.h1a the Loa Alamoa 

aNa are the Bandelier tu.tt • Cerro Toledo Phyo11t•• C•rro 

Rubio quarts latlte • and Vallea f'hJ'ollte. 

The B•d•l!.ar' tutr waa named by H. T. U. Smith (Sidth• 

19)8• P• 959) lfho tlrat r.cognised the .t'orwat1cm u a 41lat1nct 

unit and ttho mapped ita nortMrn axtenaioD 1n the 1biq111v. 

quadrangle. TH nama ... ~- troa the Bu.clel1ar Rational 

Motmraant vl'len the t.t't 1a tJPicaUr de'Velope4. In t.h.e Loe 

Alamos area the \U.\it i.e mon prceinent alon& ~ eut-veat 

CUJOU or the Pajarlto Plateau whfW'e it f"oraa apectaeul.ar 

ellt'fe. In th .. e c:ltr.te three d14t1nct aub-untta ~ obv1oua. 

The lowest aub-unit 1a white lump pund.ce that 1• well de-vel­

oped 1.n the vie1nity of Guaje Canyon and ia here named the 

OuaJe J:Jember • .l Abon this 1a a sub-unit or pUDd.eeou. tutr 

_/Rosa, C. s •• Smith• R. L •• and Grlfga, P. L., 
Nomenclature by MUtual agreement. 

breccia that tanda to nand in ateep alop4t8 and in many :places 

forms the lower part or the walls or the canyona of the Pajarito 
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Plat .. u. Thia ia the Otowi meraber. J It ia nued .f'ro!ll 

typica1 expotJure.a in the Otowi seetion or the Bandelier nonu­

ment. The third and highest. aub-unit 18 a welded turf that 

rcrma Tertieal e11!ta along tho canyon• of' the plateau and in 

pl&c• utenu high on the nanka of the Sierra de loa Vallea • 

It alao occurt~ in plaeea in the collapsed area of the James 

't'o1can1c eeri••• This baa been named the Tahirege m.fiiAber-1 

_/Ron • c. S. Smith• R. L •• and Orig&a• R. L. • 
Nomenclature bf mutual a.r;roement. 

trom the Tabirep ruin:a, a centrally located ruin on the Pajarito 

Plateau. 

The Owt.je member resu d.iaconf'ormably on .U the older 

roek8 with which it is in contact.. This member u a white 

lump pumice o:r lapUli tutr that ra!lgea from a kni!e edge to 

nearly 60 teet thick in the area. It ie thL"lnaet to the east 

and aouth where it pinchea out on hit:her ~rta of the baaalte 

of Chino f~•••• and it thickens to the north and west. The 

thickest known eeet1on is 1n hole h~9 1n Los Ala!las Canyon 

where it 1s 57 teet thick. The beat exposures are along 

H1r,hway 4 in aec. 21, T. 19 N., R. 7 F: •• and just north or 
wall C:J in Cuaje Canyon where the puoieo 1a bein&; mined. The 

nuitl'tber ie compoaed of unconaolidatcd pu .. uce whieb is t;enerally 

maaa1ve exeept for an upper 5 to lC feet where iOod ash·!all 

bedding ie displayed. The sizes of frat~~nts ranGe ~rom &8h 
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to lumps 2 inchu ill diuleter. the finest a is•• are toward 

the top ot the IMIIlber. Preaent in individual puud.ee rnr:­
aente are tiny phenocr.rata of aanidine and quarts. 

The Otowi u!llber repreeenta a eingle thlc:k pUDdce 

now with a nall amount or aah-fall pumlee and water-

wahed debria preaent in places at the top. This member 

reeta eontormably on the Guaje member where the latter ie 

preeent. ElaiNher. it re~• diacontomably on older rocka. 

The exponre 'Hlt ia eaeentiall.y limited to the Pajari to 

Plateau. 'fhrou&h the expoaure belt the me:mber o0180J'lly 

tol"'U a ateap elope below the oTerlyint; Tahirep 11e11ber. 

Where thie alope 1a 1d thout veptat.ion t.he met!lber ia die­

played 1n chalky lis:ht grar or light bu.f't color and in 

place• the slope ia studded with cone-abaped erosion rem­

nanta, aometilHe called •tent rocb•. Tlw thiclmeu ot the 

Otowi member l"aa'lge8 from a knife edge to ::aoa than 200 teet. 

It ia thineat 1D the aoutheut.m part or the area where it 

pinehea out oYer aome of the highest areaa of baaalt. It ie 

thickeat near the Loa lla.moa townaite, and in hole Hl9 in loa 

Alamos Canyon it is 215 teet thiek. 

Thia thick pu.o:rl.ca flow 1a a masaive aggregate or poorly 

sorted pumice trarmenta with acme fine pumiceous glaaa. The 

aggre.cate ia._aomewbat indurated though essentially uneonaol-

1dated, and the fragmante ranre from a1lt s1se to la~pa ~hree 

1nchee across. Individual rra~enta are unaltared or euen­

tially unaltered &laaa that 1a pale buff in color. The 
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tr'apet~ta conta1D pbooef7Sta or aan1d1ne and quarts and a 

tew tilry graina or magnetite. Some trapen~ carry a trace 

ot biotite and hornblende. Incl'Wied u foreign material in 

the qr;repte are a fa trageterrt.1t or- rocka de:ri Yed rrom the 

Tachieou group. 

Theae ~te are md.n.l~ lat1t1c rocka but acme are 

light gray rhyolite. They an aot nenly d.1atributed through 

the rock, aD4 where moat ab\lnd.ant t.b8J' cOl!Spoae 1••• than .t1ve 

pereeat or the outcrop area. In plaeea a:t the top of t.he 

~ are • rev thin b&da or db-tall pwdce. llao preaent 

1n place• 1n thU atra~1graph1e poaition :!a aOJM water-waahed 

pumice that includea bouldera ot lat1tie rocka der1Yad from 

the Tachicoma group. 

The Tahirega umber 1a a weldecl tuff that repreeenta 

two or thr-" aah-now eruptiou and in plac .. tb• un.it 

1ncludee a tew thin beda or aah-tall pumice at both t.he ban 

aDd top. Thia umber· toraa the 110ft coupicuoue pal'"t. or the 

Pajarito Plateau on which it .-t-.nda in long tiJlpr-Uke -• 

bounded by Yertical elitta that are generaU7 weethered to 

tan or orauge-bro.n color. Locallr it extenda high on the 

tlanka or the Sierra de loa Vall••• and in placea it ia pre­

hnt in the caldera ~· of the Jemes rliountaina TOleanie 

a.ries. It reata unconformably on all the rocka with Which 

1t is in contact, but a minor d1econ.tormity at the ~op or 
the Otowi member repreaenta a relatively abort titue break. 

Th• thickness rangea from about 100 to 2GO feet near the 
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1'Aibl.a 4.-I.osa or we11a ua. test boles. 
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eastern margin or tbe area to nearly 1000 teet at the head 

of the P.J.to de los Frijoles in the southwestern part or the 

area. 

The character or the Tahireg:e member variee. Over most 

o! the Pajarft.o Plateau the rock is porous and triable and 

ranges in color rro~ burr t.o pals Lray. More intensely 

welded material near the west Jr.arr;in or the plateau and on 

tho flanks ot the 51erra de los Valles 1a eommonly nonpo­

rotUJ and t;raY to purplish gray. r-ton or loss irreeu].ar 

jointing ia fairly toneral. Locally there is well-developed 

eolumnar jointing. Nearly borisontal planes aeen in the 

cliffs are in part boundaries between auecesaiYe ash !lowe 

rather than beddint: planes. Individual hand specimens ahov 

small tragmonts or ncryatallised ptmtice and n~merous enall 

eryat.ala and crystal !racmente or aan1dine arut quarts in a 

typical welded turr matrix. Dark min.en.ls are nearly absent 

though traces or crystal trar.ments or b1ot.1 te, hornblende. 

and pyroxene haTe been noted. Thin sections show that the 

~£tr1x is composed or recryatallisod shards a&J a little 

fine-rrained marnetite. 

The available eYidence. mainly phyaio~phic, indicates 

th~t the aeo of tho Bandolier tuft is Pleistoc~ne. At the 

time of the Banjelier eruptionm. the rocks of the Tschieor.A 

group (Pliocene and possibly early Plciastoecne) had beon 

de~ply eroded. Deep canyons cut in tho Tsehicoma were 
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tllled by the Bandelier. Thia !a ,alao t.rue or Unita 4 and 

S of the roeka of Chino Mesa. A deep canyon, preyiowsly 

oeeupied by tbe P.io Grande, had been eut in these units a 

ehort distance vut of White nock Canyon. Thi• abandoned 

canyon ia now filled with turf and is well expoaf.td in the 

Rito 4e loa Frijolea. Another channel till ia present 1n 

the eaet wall or White Roek Canyon. Here the base ot th& 

Bandelier tUl in the abandoned channel ia only 200 teet 

above the present level or the Rio Grande. And, over much 

ot the Pajarito Plateau the original upper aurtaee or the 

Bandelier 1s etill preserved. 

Cerrp~l,go rhyglitt 

The name Cerro Toledo rbyollte-f ia applied to roeb 

J Rose. c. s., Smith, R. L., Informal eoamn1cat1on. 

vhicb form a group or domes that occur both north and aouth 

or the Valloa caldera. Tha name was takQrt from. Cerro Toledo, 

a peak in the northwestern part or the area. Thia rhyolite 

crops out both in tha northwestern part or tha area, bet~an 

the !d.to de los Indica and the Valle de loe Poeos, and 1n the 

southwestern part of the area, just south or the Valle Granje. 

In both places the rocks or ths unit erop out. on high, for­

t!Sted peaks. 

'!'he northern expo&ures are a part or a complex group of 

domes within an unnamed cald&ra,-' an earlier collapsed portion 
:1 --r-----·-----------·------------~---

~oss, c. s., and S~th, F. L., Ir.fo~al e~1eat1on 
---------- -----------------··- --.... ~»-.._...._.. ________ , __ 
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or the Jeme1 ~taina volcanie aariaa. Jut beyond 'the 

south margin or theae ·~urea the rhyolite 1a down1"aulted 

into the au~taee at the north e4g• or the Vall.. caldera. 

The exposures aouth or the Valla Grande are a part or a eO!t­

posite dome whose northward exteulon haa bMn ciowntaulted. 

into the aubeurtaee in the aoutbem part o~ the VallH caldera. 

Koet apecimena or the unit ahow a noticeable bandint and 

ant generally light gray in color. Thin aect1one ahow tiny 

pbenocryaU ot N.nidine,. quart•• aDd traeaa ot more or leea 

resorbed hombl8!1da art4 biotite 1n a tine-grabed ~· 

that ia commonly Jd.croepherulitic and ccmpoaed ot aan1d1ne 

and ailiea. 

The domea were extruded prior to the eruptions of the 

Tahlrege aeaber ot the Bandelier turr which tmccmtonaably 

onrll.. the dO!IM 1llmediatel7 BOrth 0~ the falle Toledo. 

They probably wre extruded. £ollawin~ t.he erupt1ona of 

Rosa,. ·c. !. and Smith. R. t •• Intormal communication. 

. '!/ 

the Otowi member o~ the Bandelier tuff • in Pleiatoce~ time. 

The Cerro F:ub1o quarts lat.ite hu been named by Roaa 

and Seith J from exp08ur&a in the northern part or the 

Rosa. e. s., and Smith, R. L., Informal c~~lcation. 

Loa Alamos area where the unit erope out in two conical domes 
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laediatel.r north or the Vall• de lo. Poaoa. Both ctomea. 

Cerro Rubio Oil th4a aot.tth and the .......S peak ~ed1ately 

llOI'"th.t aN jut be)'Ond the margin of th• VallH caldera. 

The rocb are light. rnr grading to darlcv lf/.N7 1ft 

eOI!IIeWhat tluer epecilleu. At Cerro Rubio the,. wathw t.o 

a grayab red. Spectm.lle ahov tiny phenoc,.,na ~ pla.gio­

clue. hypet"Wthu. • and liON or lau reaorbed homblen4e 

an4 biotite 111 a t1n.e-,..1nfHI ~- of plag1oelue • 

M!li.diae• and •111ca. At the weet a14e ot Cerro RUio the 

u1t intracl• the Carro Tol.edo rhJolite. At the ~ aille 

of the dome the !ahir.ge member or the Bandal1e.r t.at.t 11 .. 

uncontonably acainat the tptarta latite. 

IflrlU tbnl.ltt 

!he Vallu rlrJoltt.-f tona th• d011ea with!D the 

Yallu caldera. Theee clomea, wit.b a fairly heaYT toreet 

cover, etand abcrn the preaen~y graa.-covV'8d noor ot the 

caldera and they ranse from relat1Yely amall hill~ to laree 

J!t0unta1noua m.aaaea. '!'he smaller domes ar. aub-round 1n plan 

and aub-conieal 1n croaa .. et:l.on. 'l'he lareer onea an com­

poaite ••••• ot aeveral domea and are more irregular 1n plan 

and croaa eect ion, but tbey have a acre or lua domal upper 

nrtaee. The baaea ot theM dOt:MHt an covered by late:r sedi­

ment• that partially !111 the Vallea caldera. 
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Where there baa been a miniJiua or erosion t.ba outer 

pai"U ot the dom .. are a jumble or blocky pwdeit and 

p1Jid..eeoua &lau which rant•• tnma white to light gr&7 to 

pale p1nk. Toward the interior o~ t.h1e outer sone U"e 

local areaa of obaidian. Farther 1Dward Ule gluey crut 

giv .. -., to slightly porous light gray rhyoli~• that ia 

al1ghtly gla .. y and coaaonly apherulit1c. 1ft mare deepl7 

eroded parte of the dOl'Jlee the rocka are light gray, tine­

grained rb70lite. Thin eeet1ona ot aeaentially all the 

rocka show a'bundant .-11 pheocryet.a ot aan.idine and quarts. 

SOCie aeet1ona ahow tiny phenocryat.a oE hornblende and/or 

biotite, and a few aeet1ona carry a trace ot plagioclaae 

phenocr,ata. The groundl!aaa or t.he non-glaaar rocka ia 

8an1d1ne and a111ca. 

Tbe Vallee rhyolite ia the young•t ipeou rock or 

the area. 'l'he 4oHa were extntded in the Vallea caldera 

followilll the exploa1Ye eruption ot the Tahinge tlle.1lb4tr or 
the Bandelier tutt and following the collapse or the Valles 

ealdera. Their time ot extrua1on waa Pleiat.ocane. 

Caldera till 

For some tL~ following the eollapae ot the Valles 

caldera a lake occupied the ateeP-walled depression. and 

in th1a lak• a aedimantary till accumulated. The !111 ia 

poorly expoaed and ita eharacter 1a known Mainly from teat 

holes drilled in the Vall&& caldera during the summer or 1949. 
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(s .. f'1p. a - 10.) It. conaiata of granl. clayey ailt. to 
p 

•11tJ elaf. and NJ include •ome p,.-roc_Uat1c debria. 

lw'taee expoeu.ru or the caldera fill an poor aa 

th1a ~111 1a almoat conpletelr covered b7 later depoalt.a 

ot alltrYial tan ancl t.ernee uterial. Ia the Vall• Toledo 

elayey aUt cropa out in aeveral plaeea alons the edg .. or 

terracea that are preeent on both a1dee of the valley. On 

the eouth aide or the valley the contact of the ailt with 

owrlying terrace material u marked in the edge of the 

terrace bT a alight declivitJ alon.c which aneral wet­

weathet" •••pe occur. The \Mtet 9JCPOaure in the Yallq 1a 

a rew hundred r .. t aouth of bole B4 where about 10 teet or 

clar•J aUt •7 lHt aeen. The beda are oUve colored• weather­

ing olive butt to light gray. The bed41q JI'&'I1&M from fairly 

-...ive to thinl7 la.~inatecl. Soae •terial eontaiaa nu:eerou 

diatomt~. At another expoeure the ailt ranpa !rem clayq t.o 

eandy and contains pebblee ot pumleeou glue and rhyolite up 

to 1 inch in diameter. In the Valle Grande two Yel"'f uall 

expoau:ree of clayey ailt containint: pebblu ot rhyolite hava 

b~en noted. nere the till is ... entially eoYered eOJftPletelJ 

by later depoaits or alluvial fan ani terrace material. Along, 

the eut aide or the caldera there ie a cooplete eover or 
alluvial ran depoeits. 
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Ill the nbnrtace the caldera till 1• knotm hom 

well cuttin&a tro. lS holea that rang• troD 2SS to l.lSS 

teet d.Mp. The cuttings ahov that th41 sediments tre dom-

1nant.ly graYel* which po .. 1bly ineludea aome ,~clut1e 

d•bria. and 1••• important uounta or ailty clay al'ld claysy 

•Ut. The gravel• with !lOre or lea• a.dldxed hrul and. a1lt• 

ia compoaad .. 1n17 ot pebblea or whit• to 11gb~ gray pumice 

an4 putdceoua ghaa which invariably abowa t1ny pheDOCrrata 

ot aanidine and qwr.rts. ~Oilla pieces show tiny ptumocl"fat.a 

of b1ct1 te. Other rock. typee represented in the pebble• 

are rhyolite. t}.aas, and porphyritic latita. 'l'ha rhyolite 

Tarle• tn tn>e but probably the mo11t co11110n variety 1JJ 

light u-r. YO't"'J tinely poroua. and lderoephertll1t1c. ~oat 

piecea haYe tln7 phenocr.rata or aanidine ana quarts. Some 

ahft tiny phen~l'TIIta of' hornblende. The pebble• ot £}aea 

ar. gny to black obsidian, and those of porphyritic la.t1te• 

wb.ieh are relatively uc011110n• are purplieh gray wit.h white 

phenocrysts of pla&ioelase. 

The ran~e in aise or the ~ravel 1a probably large. 

The larreat whole pebblea that were washed rrom the teat 

holes by artesian water d1acbarg1ng at tho land aur!'ace 

Yare about two inchea in diameter. fiowo~er, it ia 

suspected t.hat towurd the marrina or the rhyolite domes 

and near the eearp or the caldara particle aisea probably 

range to larro boulder~~. The admixed aand in the graYel 

ia composed of eryst..ela and crystal rra;r.nu•nta ot aanidine 

and c:uarts and particles or pumiceous t:lau. Silt aisaa 



that are preaent in aomo beda or gravel are tine rhyolitic 

material. The beds or clayey eilt and ailty elay which 

occur in the till are very charaeterietic. They range troa 

brown1sh ollve through olive green t.o oliYe butt and. are com­

poaed or fine rhyolitic material and varying amounts of clay. 

Some or the clay beda eontain appnciable a:aounta ot gravel 

and f!lany eontaill abundant 41atoa rema1n8. Several apaci:aena 

examined mieroacopically by Roea and Smittt-/ ehowed veJT tine 

rhyolitic material and montmorillonite-type clay. 

F.:oaa, c. s •• and Smith, R. L., Intormal coaaunication. 

In 'the Valle Tole,io the ela787 eilt and aUt:r clay beda 

are interbedded in, and interrtn,;er with, a main body or 

gnTel. (See tiga. 8 and 9.) Aa 1n41cat.ed by expNur.a and 

tut hole data a single section ot clayey beda eloae to 100 

feet thick in the vicinity or hole lt4 thin• .. interl"inrers 

w1 th J.ra'Yel . to the east.. Clayey beda pl"Ment at deeper laYela 

in hole Hl di.aappear eaatwanl. Little data are available aa to 

the extent cf clayey material toward the north and aouth aidea 

or the valley, but the log of hole HS l\rld ground-water data 

indicate that some beds extend ror considerable distance to 

the north but pinch out before r~~ching the caldera wall. 

In the Valle Grande a thick tody or clayey aUt and 

silty clay overlies a main body ot gravel that may include 

aome pyroclastic debris. The lors of holes R7 to Ml2 ~i 

Hl5 (fig. 10) ahow that the thick body or clayey material 

is best developed in the ce~tral part of the VAlley where 



it. i.e nearl7 300 .teet thick and that it 1ntert1n.r;era with 

gl"&Vel toward the aidea and head or the valley. The UJJ)Mr 

part ot the eoarae mat.rial beneath the ela,..y body 1a 

definitely gr&Yel as ~ piec•a ot p~.lce and rhyolite 

were recovered froa hol" H? to Hl2 and HlS • but a al.ight 

poaa1b111ty exiata that some aaterial, particularly from 

the t.t .. per part or hole H7 which ext~e4 to 1185 feet. may 

r4tJ')retteDt PJTOClut1c debrla. 

Along tM eastern aide of the caldera. uterUla taken 

tro. hol• Ill) and Hl4 wre 1n.def1n1te. The writer belieYee 

that the upper part or the caldera till in th1a area ia 

gravel ADd that thia gravel poaa1bly may grade downward into 

pyroclaatiea. 

The materl.ala composing the calclera !"ill weN deriYed 

M.inly troa the puaiceoua crusta or the rhJOlite 401lld that 

OCCUl" v1tb1n the Vall .. cald.era. 'nl• pumice gravel and IIIU.ch 

ot the clayey ailt. and aUty clq are produeta of' t.heM 

cruata. The partially gl.a.asy to tine-grained rhyolite came 

tram alightly deeper portione or tbeae d~ and from the 

interiors of faulted domes on th~ caldera rim. Lat1t1c 

pebblee in the f'Ul, present in very minor IUl'.lOU.."lt except 

in the lower part ot hole H7 in th• Valla Grande • are from 

tho caldera ri~. 

The accumulation ot the coarae materials in the caldera 

probably was rapid. An abundance or loose material waa avail­

able in tit!',es past. Even today there 1a in many places an 



ablm4anc. or looae debria on t.be steep elcpee ot the ctomea. 

Sw:h debru could han been reac111y carried to the ed~ ot 

the lake by the melt waters trom hea"fY Ple1.atocene anowa. 
,~:' 

It alao aHms ~aibl•• p.erhaps probable, that the lake had 

tomed before the R~plac-eMnt c4 80l'M Of the doaae and that 

during endot-~enoua growth their expandint and cracking cru.ate 

may have eontribut.ed debrie directly to the water. 

'the mechaniu or •chaniau that carried the p-avele 

out into tbe centers or the Valle Toledo and particularly 

the Valle Grande are W\known. At t.he Yfd'T beginning or 
dopoai tion 1n1e.h debria may hue read.117 worked 1te way down 

ateet= under-water alopea to the central part or deep has1.ns. 

so~ewhat later it aeeme probable that delta-like aceumula­

tiona built up at. t.he rsargina cr the lake. adjacent. t.o the 

interior domea and the caldera ria. Jhtch d.ebrla U7 haTe 

alumpad, poeaibly under the innuenee ot lat.e ldnor adjut­

uttta in the lower part or the cal4era. tro1l the 0\lter parta 

or than delta-like aecumulat1ona and. worked. outward into 

de~por water. And 1n part ::!Uch pumiceoua material r.say have 

floated out to deep water and sank after becomin,t water­

lotr4!ed• lastly, it is possible tr..at larD• quantities of 

gravel ~.ay have b&en 4epoa1ted at t~,~~es 'When the lal-...e vaa 

dry. The clayey ailta and sUty clays an normal lake sedi­

ments and are heat develcpi)d far out from the ateep elopes ot 

the caldera. R0wever • the lateral development or t.hin sonee 

or eilt a.1'\d clay in the Va.lle Toledo indicates that Y.'ere were 



tillea during the deposition or the fill when little eoarae 

debris waa being washed into the depreaaion. 

!he are of the caldera till is Pleistocene. Plant 
/ 
arpores from the upper 40 feet ot se·iiments in the Vall$ 

Orande examined by Paul Sears and Catherine ClisbyJ are 

-:7~--------------------·--·-·----·----------------------------
Seara. P •• Yale University, and Clieby, c., Oberlin Colle~e. 
Informal eommunication. 1952. 

believed to have been deposited in the laat 2s.c~ years. 

It the deposition waa relatively rapid, as ia believed • t.hen 

~he 6ntire till probably ia late Pleistocene. 

Alluvitm 

Pleistocene and Recent alluvium is preeont aa terrace 

and .tan deposits 1n the Vallsa ealdera and. as terrace and 

atream channel depoaita along the Rio Grande and some or its 

tributaries. 

There are two seta or terraces in the caldera. Tho 

higher set 1a ropr3sented by two small remnants in the eouth­

ca.atorn· part or thct Valle Toledo• and one small rern.n.a.nt near 

the head or the Valle Orande oeeu.rs just above an alt itu:le of 

e,eoo feet. '.rhes.e emall remnants are capped by a veneer or 
sand and r.ravel compos~ or various typos or rhyolitic mate­

rials. Tho remnants and their v~neer probably are tho 

remains of a lake terrace. The lower act or terraces ie well 

developGd adjacent to the drainage in both the Valle Grande 

and Valle Toledo. These terraces ar9 related to the streama 
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to whieh tba7 are adjac.t'lt u t.he7 alope to.rd. the axaa or 
the atl"tJUia aM the1' rraduallJ slope to lower elevatione 

d~. they are capped by a veneer or silt• and• and 

graYel ~ chiefiy or varlou tJPita ot rhJoUt.!e mate­

rlala that. range !rota about 10 ·to 30 teet thick. 

!xtend1rr& 1mfa.rd .from t.htt at.eep alopee or the caldera 

rim ud ~_,. m:·'4 the interior rhyolite d~ are. al.lmal 

r.- which extend onto and are lat.e- than t.he lov ••t or 

torracM. Th. ... .tana are c~ maWr or Mn4 and 

~Yal bat contain a.uch •Ut. 'l'hese material.a baTe been 

derived f':roonl t.he bedrock W11ts troa which the taM extend. 

Below the low terrae .. a..--td ad..jaeent. to the tatreama 1n the 

ealdera 1a a narrow band ~ channel all.uvi\lla. This allurtwn 

ie compoeed or ela7e7 to silty aand and uavel .Q&d.e up ma1nl.7 

or rhyolitic 4ebria. 

In the eaatern part ot the toe Alamos ana eone addi­

tional allviw oeeur11 alon: the R1o Orand.o and a lt'Ot'$ber ct 

-ita tributar7 canyona. Between the Puye dea:l'"Fit.rnt and. tho 

!tio Grand• there is a low terrace that elopes to the Rio. 

It 111 capped by • veneer o! sUt. aand.• and p-avel• probably 

1~8 than 2.5 te~t thick. that is eor:apcaed Sialr.l7 or latit1c 

:-Aterhl.s derived fro::l the Puye eong:lcoerat.e. lm.fltU.ately 

.a.djaee::t to the P.io and to acme or 1 t • tributary canyons and 

&rl""oy:lS 1a acme c:hnnool alluviml CO'Jlllotsed or • variety or 
-cat.orlala. Thia channel alluvium rans;ea :rr~ a thin !'11m to 



about IS !"t thick and locally couieta or tairl.y clean 

aan4 and gravel but 1n meet plaeee it contain. conaiderable 

aut •. 

fliSTOr~AL GF.QLOOY 

The J"'C.b ot the Lola J.lamoa area are related t.o the 

Rio Cnu1de deprua1on. and tMir hiatory 1a 1n large part 

a h1etorr or thia clepreuion and. 1~• aaaociated volcan1a.. 

Pertinent hietorr beg:an witb the ron:.tation or the Southern 

P..oclty }!ftntaina and. post-Cret.ec•oua uplift or the region. 

The orocenie phaM• or the mountailt bu.1ld1ng •- t.o have 

paned into broad regional upl.11"t and arching before the 

end ot earlr Tertiarr thle. By micl-Tort.iarJ tiu• probably 

in put aa a reaul.t or archblg and. elcmr,.at1on ot t.he earth'• 
ernst • the faulting that pft rae to the Rio Grande depree­

aion btJF.An• Aa the eomplax rift valley aubalded relatiw to 

adjacent h1ghlaa48 • the Santa Fe group aeeumulated aa a 

rault trou,gh 1"111. Accompanyine; the d1aturbanea or uplitt 

and concomitant normal faulting the volcanic roeka ot the 

Loa Al.eoa area were erupted. (See tig. 7.) 

In the latitude cr Loa Alaoos the sediments ot the 

~anta Fe group were laid down as eoaleecing alluvial rana 

and alluvial plain clepoeita. For the moat ,.n, the allu­

vial debris waa deposited by streams and rilla paao1ng 

westward from the Sangre da Criato J<!ount.aina and depositing 

their loads in the adjacent valley. It ie eetimatad that 
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r.sore than 75 percent of the allUTial debria OOJIPOS1ng the 

Santa Fe came from thie mountain block, the eaatam bound· 
.,! ~ '· ...-~ 

ary and tM st.ruetur&l.ly high •14• or the Rio Grande cleprea-

aion in the Ticin1ty. The explanation tor tbia pr.d.Oilinance 

of easterly materiala, largel7 der1Ted from Pre~rian 

eourcea • may lie in the atruet.ure or t.be bloeka that bound 

the depression. The Precambrian roeb MW etand acme 6,500 

te•t higher in the Sangre de Crist~. where they reaeh an 

altitude or 13,000 teet. than at the vest a1de or the depnas­

alon. where they reach an altitude or only 6.soo teet. It 

the extra 6.500 fut or riae or the eaatwn block oceurred 

during tho cUpollition or the Talley 1'111, then it orten 

an explanation rw the dominance of eaatarly mater1ala in 

the nlley fill. (See tlg. ?.) 

ETidenee that aed1mentat1on acccOerparded up11tt and 

faulting dttriD£ the !ormation or the Rio Grande depreu1on 

1a bel1e\"ed ample. 'the alternation or allurl.al tan and 

alluvial plain deposita in the latitude or Loe ll&"'ftta ia 

one line or evidence. At tb• east aide of the dapreaaion 

very eoaree and bouldery allurial !an eletHnte an com­

monly underlain and overlain by .tine-grained, well-bedded 

alluvial plain deposits. 'The beat explanation ie a control 

of gradients and facies by repeated faultine. Following a 

ata;;e o! !aultinr a,..,_d relative upl1tt or the bounding m.oun­

tain block, a typical tan would have be•n built up adjacent 

to the "lllunt.ains. As deposition continued, trad1enta would 



have become leas and lee• at.eep aa the mountains were 

eroded and the level ot the depraseion noor vas built 

up. EYentually • thick sones or fine-grained• wall bedded 

materials would encroac-h eaat..,.rd and overlap the coarser 

tan deposit. Repeated. faulting woul·i have started a new 

cycle. 

It alao seems neeuaary to invoke acme f'aulting as 

a meana ot explaining some tttrw:ture within the Santa Fe 

group. In places eaat of' the Loa Alamoa area truncated 

bods or the Santa Fe group are overlain by beds showing 

leea dip. The tUting ot portions or the unit beneath 

uncontormitioa ean be explained best by faulting in the 

interior or the depression. 

There 1e still further evidence in the presence or a 

rev narrow down!aulted horsts of' Pennsylvanian limestone 

that occur in places a.l.ong the east aid.e of the P.io Crande 

depression. !'beS$ horsts were dropped into the depression 

before the thick cover ol limestone had been largely eroded 

~rom the adjacent mountain block. And lastly, the preeance 

of 1ntorbedde.:i 'basalt in the Santa Fe group 1nd1eatea that 

deep-seated faults w~re open at times durine the rorcation 

of the depr~ssion and the accompanying deposition. 

Durinr tho lat~r stac~• of Santa Fe ti~ the Jemes 

Mountains volean1e series betan to aee~~ulate along a fault 

sone at the west martin Qf the depression. Possibly the 

first stages or the development of the volcanic rocka. which 
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are at the weetern margin or the depression. are marked by 

the lOWNt baealta in vella G) to 05 in the Loa Alam.oa area. 

And it ia only above the highest basalt now in v-alle 04 and 

G5 that unquestionable debris trom the latitie nova ot the 

Taehicoma group appe,ara. It 1a probable that the low••t 

baaalt nova in well G5 mark the f;irat rupture of the 

earth'• eruat at the weatern marcin or the Rio Orande depres­

sion in this lAtitude and the aequential doYelopment or the 

J~s voleanic pile. 

A a the thick and peaty lat 1 te nova or the Techieoma. 

group were erupted tlley moved eastward into the fault trough. 

In the begi.nninr:; eome looae material from the .nO'WII was 

waabed eaatward where 1t mxed with easterly derived mate­

rials of the Santa Fe group. Slir.htly later • following 

eome tau.lting which tilted. the Santa Fe• tbe ancestral Rio 

Orande appeared. The evidsnce is 1n the Totav1 lentil or 
the Puye eon.rJ.om•rat.e. Thia lentU. larg•ly channol till, 

resta unconformably on tho Santa Fe and in places along ita 

vest ~Argin interfi~Ors with the latit& flows of the 

Tseh1eoma e;roup. The overlyinr main body or the Puye was 

deposited as an alluvial !'an, apparently as the lat.ite flowB 

reached the climax or thoir development. Ross and Smith_/ 
J- ·-~-- -- ···--·----

Ross, c. s., and Sfdth. E. L., Informal communication • 
............... ~-----.._,,. ____ ~---· ------------·----
have noted that the Puye and !'lows ot the Tschicoma croup 

intertinrer to the north or the Loe Alamos area and that the 
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uteriala or the fanglomerate were der1Yed largely from 

brecciated portion• or the flows. Pyroxene an4ea1 tea or 
the T•chicoma group were erupted eomewhat later. 

While the coarsely porphyritie latite• were being 

erupted fret~ near the weat margin ot the Rio Grande depru­

aion. and were pouring ea8tvard into it, ba.nltic roeka 

were being erupted in the interior or the 4epnN1on. at the 

aite or Chino Meae.. Unit.a 4 aDd S ot theae baaalt1o roeka 

were erupted conte."11.Poraneoualy with the depoa1tion or the 
c,5 • 

Puye oonglomerata. (See P• _,.., The eruptiou tollc:nrH 

and probably wen in part cont.emporan.eou with a period or 
ta1llt1ng in the interior ot the depression. At the head or 
a ema.ll canyon tba~ breaches the eaat wall ot White Rock 

Canyon the loweat now or Unit S reeu unconformably Oft 

aedimenta ot the un41tterent1ated unit ot the Santa re 
uoup, and beneath the aurrace or the unconformity a tnm­

cate4 fault 1a v1a1ble. Farther southward 1n the canyon older 

and older t1owa or Uftit S appear, and it ia probable that the 

Santa 1e wae being tilted acuthvard during the initial atagea 

of the basaltic erupticna. 

There was a abort period of eroaion following the erup­

tion or the flowt or Unit 4 and the end ot depoa1t1on of the 

Puye conglomerate. An easterly a loping pediment that at.anda 

approximately 400 teet above the present drainage ot Ou.aje 

Canyon wa,a eut on the Puye. This pediment. now capped by 

De.ndelier turr. 1a well developed adjacent to Cuaje Canyon 
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1n the Y1cinity ot vella Gl to os. Later, poN1bl7 toward 

the enrl of ~hi• c,.ele or eros10ft, the pedillent waa part.iallr 

41A$eted• and a lower aur.race waa cut on the Puye near 

Tot.aY1. The relation between the two aurtaen la a cur.iowl 

Olle• 'but it appears that the lover,.. developed •• the 

reault or the Rio Grande Mk1t~g a loc.al. veatvard ahi!"t and 

that 1t ia eeaentially corr.lative wit.h the higher aurtaee. 

Both probablJ are a part ot Bryan' • main Ortis aurtace. 

following thia cycle or eroeion a d .. p caftJOQ wae cut 

in. Vnita 4 and S or ua baealt.a or Chino Maaa. Thia canyon, 

now filled by Bandelier tutr • liea only a abort. cl1atance 

veat or t.11ite Rock Canyon. Aa the bualt.a ot Unit ) welled 

up and formed at .. p-a14e4 ..... they blocked the now or 

the P.io Grande &!14 the o14 alluv1• preeent 110r TotaY1 &rl4 

el•ewhen wu depoaited behind t.he ateep ....... aa the Rio 

vaa blocked. Slightly later. two b .. alt now ea•e into 

the area trom the aoutheut. Theae tlowa rep!'HelltM by 

Unit 2 or the Chino Mua erupt10ftfJ. Then, following an 

indefinite period or eroaion, the laat baaaltic aet1Y1ty 

ot thta area oceurred. The eruptions were Tef""t local and 

are represented ~y Unit 1. 

The last igneOWI activity ie represented by the roeu 

or the Tewa rroup. The eruptions commenced when a rhyolitic 

matma worked upward beneath the central area of' Jemew Yol­

canic aerie•. Upward mcvamGnts of the ma£U eventually 

rractured the overl7inr, roeka and explosion• thr.- out 
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pW.'Iice u the upper ltmal o£ :u gJQa wu expopd to ataoa­

pheric pre•aure. Th1a pumice dropped as aah-till material 

to fON the Ouaje tM!IlbV of the Bandelier tutf • W1t,b. 1-

contineaent t.he remaining magma ~ed upwanl, and. aa dia-
\ 

aolvad volatil .... cal*i rapidly, great 'Yol\11He ot pumice 

were expelled upward. This pumiee reached the erat.er area 

1n too large a volume to be thrown high in the atr. Instead 

the -.terial ewept dow the fianka or the volcat'lic pUe aa a 

granula:r-tJPe pumice or ash now. The debria waa .,_.,. mob1l• 

and ruhed acrua the Pajarito Plateau on a gra.cllent of aoae­

th1ng like 100 to l.SO teet puo mile. Tbia aah flow and a £ew 

nry ~hin bed.a f4 aab-fall pumice t.b.at vere th• product cf 

llinor exploaiona which uarlJ completed. ~· encution or 

th• -~ chnMr are repreeented by th• Otori uaber or the 

Bandelier. Soma collapae of the crater area into th• De&r17 

empty mapa chamber tollowedJ , then the lan portiOD or 

Rosa. c. s •• and. Smith, R. t., Intomal comun1cat1on. 

'Volatile-poor map:~a waa erupted to tor'lt the dont~• of Cerro 

Toledo rhyolite. 

Somewhat later • during a relatively short period of 

erosion on the Pajarit.o Plateau, the Cen-o Rubio quarts 

lat1te domes were intruded in the central part of the volcanic 

pUe. ey this time final activity waa developing. Additional 

rhyolitic ugma. worked upward beneath tho preaent aite or the 

94 



Vallee caldera and under eircumat.aneo aiJiilar to preTioua 

eruptions the culminating cycle began. A small amount ot 

uh-tall pumice firat waa thrown out. 'rhia wae followed 

1..1!1Md1ately by large quantities ot pmaiceoua aah and pumice 

that ewept across the gently sloping Pajaritc Plateau aa 

ash nold. Though it 1a ditricult to be certain, there 

ap~ to haw been either two or three now 1tt rapid 

eueceaaion. Unlike tho Otowi eruption th1a material car­

ried with 1t auttic1ent heat to lead to a rairly complete 

recryatall1aat1on of ~. pumiceoaa matter. Aa a re.ult or 

thia recrysta111sat.1on, tbe cl:o:d.nant portioa or the Tahirege 

me~ber ot the Ban.ieliar waa eonaolidated. 1 little uh-f all 

pumice at. tohe top or the member represent• .final axploaion 

ot l'd.nor magnitude. 

The collapse ot the Valle• caldera tollcnMd.. Within 

the caldera the domea or Vallee rhyolite were extruded, 

poaaiblT over a rather extended period, and the eruption• 

or the Tewa r,roup came to an end. 

The last geologic activity or the area conaisted cf 

faultinr;, the tilling and draining of the lake 1n the V&llea 

caldera, and the erosion that eut the canyons or the area. 

Some late ta.ul tinr; occurred along a north·•outh axia 

n~ar the west edce or the Pajarito Plateau aa recurrent 

move~ent on pre-«Xiet1n' planea. The P~jarito fault sone 

is one ot the moat noticeable ot theee faulta. At the aoutb 

edge or the map thia fault sone ehowa approximately )00 feet 

95 



er throw on the top ot the kmtelier tt.llt. Oo!ng northward 

the sone ap11ta into tw branehe• and the poet-Bandelier 

:1110Yeaent diu out.. Farther north are two other taulta 1n an 

en-echelon poai~n to the Pajaritc sene. Unlike the latter 

aone, both dip t.o t.he wetJt. Th• westerly or th• two OY•r­

lapa the not-thvard ext•neion or the Pajarito fault and in 

the are& ot OYerlap, just. west or hole T4, there 1a a abal-

1ow 8}1lel1ne that developed. u a· r.aul.t of taultillg. Thu 

Q"ncline d!ee out to the aouth. The moat Neterly or the 

two t"anlt• enters the area froom the north and d1 .. out near 

the h•ad or Ba7o Canyon. Both faulta show onl.y a -11 amount 

of throw oa the J3andal1er. One baa a maximum throw f4 about 

50 teet on thie unit. Tbe moat •a•terlr f4 the two, howeTer, 

.. ,. baTe • throw .. p-eat •• soo r..t Oil the t.ch1eoma group. 

There aft &lao a few northaJalJ-treD411'l& ta1ll.te near 

the eaat ed~ or the area, about 1 mile eaat ot Totad. 

'fh4MM faulta baYe 011ly a few !Mt or throw at their upo­

auraa, but it ••~ poaaible that they may be aaaooiated 

with earlier faulting that u.y be important in the aubaurf'aee. 

The previously d1acuaaed lake occupied the Vallee caldera 

in th~ latter part or Pleistocene ti~e, but it was e~entually 

drained by the hea4w.ard ex.ten•1on ot Jer.ses Riv•r which baa two 

forka that now ext end to th.e eastern •1de ot tbt eald.era. The 

deep canyone or the Pajtlrlto Plateau were cut Ninly during 

thn latter part ot the Pleistocene. 
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'f. A Tr::R R E§OV1JQU 

GENERAL CONDITIONS AND HISTORICAL SJ:E'!CR 

Lo• A.luoe with a population of about 14.000 in 19S) 

ia poorly located with rupect to a aou.rce or water aupply. 

lD a4~te aouree ot euppl7 tor a population ot liON than 

al;)out ) .ooo cannot be obtained 1n Ule iawed1ate Tie1n1ty 

ot the town. The condition aroae t.broup a laek ot Jmovl• 

edte ot the •t-er !"Moure .. of the &Ma and a nW!lber ~ 

ehtul& .. 1n plana as to the popullt1on oC the ~. When the 

location waa selected hurriedly 1:1 late 1942 ae cme or the 

project Sites for the deTelopment of the atomic bomb, it 

vas ~lieTed that t.he project would rutTer require a large 

torce o! peraormel aDd that the a1te wou14 M abandOl'led at 

t-he end ot the war. Hence. the emal1 aDOUilt ot aurtace 

water read111 available em the mount.in elope jut. west ot 

the site &PJ'Nntd more t.ban adequate tor the project•• need.e. 

In th~ be£irm1nt: it was believed that. the flow or Loe Alaruos 

Canyon alone would be adequate. RoweTer • t.he expec'tationa 

that the project would re~ small and that it would be 

abandoned did not materialise. The town grew rap1dl7 troe. 

ita 1neept1on and 1n the early part or 194) exceeded the 

population anticipated in original plana. la it continued 

to grow durin& tho war yqra, the water or all the nearby 

•tr&ama and aprin£~ en t~ eaat alope or tbe Slerre 4e loa 

Valles were dfl'eloped. Thia entire now was eu!!'iciant tor 

a population of about '•000• 'fh• population 1a reported to 

have reached 7.000 in 1945. 
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After the war • it vas deeided to establish the town 

as a pe~•nent center tor nuclear reaeareh without ~~owl­

edge or the occurrence and ava1.labil1ty or additional water • . 
However. the crucial nee;! tor t.bis information waa realised, 

and the fim of Black and Veatch, Consulting tngineera, vas 

en~rAced al..'llOst ir.m'ledi~tely as water-supply consultant. An 

examination by this firm ahovej that $urface watera present .. 
in etrea.:r.s in t.he VaJ.los caldera, 10 miles west ot the town­

aite, and in the P.io Oranda, 10 milea to the east, could not 

be elaim&d for use (Lawreneo. 1946). The watera or theae 

stre$!ma ere considered tully appropriated, and it would have 

baen neecaeary to purchase water rights ror the town. 1hcre­

tore, ~ound-water exploration was begun by the firm in the 

early part or 1946. !he first exploration wae 1n the vicin­

ity of the £1o Grande• and thie phaso ot exploration ended 

with tha eo:-~pletion or wells Ll to t6 in th6l Los Alamos 

Canyon well field. Theae wells. ranrine fro~ 870 to 1,965 

teet deep, obtained water from the undifforentiatod unit of 

the f-anta Fe and were eompletad noar the end of 1948. 

I..ont. before wells Tsl to L6 were completed, plans were 

laid for additional expansion of Lo6 Alamos, and doubt 

arose as to th3 adequacy of the r,round-water reservoir& 

in ~-hich thea~ wells wre beine completed. !a the wells 

were brought into production it was round thst their 

water levels declined fairly rapidly. The possibility that 
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TlLLU CAUJERA AREA. 

btfaq Wl!(er 

Occurrence 

Wa-ter or good quality emergea at a nUMber ot plac .. 

in the east-em part ot the "Vallea caldera. the large Tol­

eanto clttpreeaion wetrt. o£ .toe Alamoe. (Su pl. 1.) A 

1a:rp nu'bv of ••PII and a tew ..U apr1np are P"*•~ 

a1or:tg the eoalncing alluvial tau that extend inward 

1'r'om the steep alo,.. ot the caldera rila and ntwrd .tru 

t.he interior doatea ot rhyolite. 1 Dl.l!lber ot aeepe an4 a 

~ or two are -eiated w1:th the low terrace• that 

are adjacent to the atream cbannelaJ and two amall. a,rinp 

.. r,. troll the ttdge or • rh7o11te dcne. The important 

diaebarge of Wt*'f" in the caldera. however_. 1a at low 

pointe along the ~ ehannela. 

The aprinp and ... pa .. aociate4 with t.M al.l.uY1al 

tans an motJt noticeable 1n the late spring when luah 

graaa around them 1a the tirat to turn gxeen. The aeape 

ue alao meet abundant at thi.a time and eountl .. a numbent 

of them appear on the lower alopaa or the rana • to rorm 
fairly extanaive -mptl in placea. Some of theae 8Hpa 

are active until they treese over in the fall. The tew 

aprinp are all small with the individual nova ranging 

f'l"'om about one to tn g:aUone per minute • 

.l naber ot aeepa are preeent at the edges or th• 

low terraeea, and eonte are pnaent at low apota on the 
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aurtaoe ot th•• terrae••• In a few plaeea the aggrepte 

diacharge t'rom a number or aeepa forma tiny atreama • par­

ticularly 111 the •prtng or the year. At one place 1n the 

Vall• 'toledo ( ... pl. 1), ncrth or hole H4, a aull aprin.g 

now1ng about two gallona per minute emerpa from the ed.ge 

or a terrace. Below the terrace eac~nta and adjacent 

to •1n drainap lind the ana ot channel allnia 1a 

largely wter logged. In part • at leut • th!a water 

repreaenta d1aeharp tram the terrae... ?hia -.ter, 

emel"'gint; trom the terrace eaearpmtmte, taa. paaae4 beneath 

debr1a on the eaearpmenta ·to the ar• o~ channel alluvia. 

Two small aprlnta, •ach fiowlDg leaa than t1va gal­

lone per minute. an pre•ent near the aouthveat ban· o£ 

a lar&• rbfollte 401ft ( Cen-o cle Media). IJt 'both ••­

th• ema11 quantity or water aoaka into th• apper alopea 

oL adjacet fan material. 

'l'he la~ and the cmly ltlportant apri.nge are alOill 

the draillage ehannela. In tho Valle Toledo t.he c:lr7-weather 

now appeva at the head of the Talley. (See pl. 1.) 

About one Idle ~own•trea,"R, at a point where the intermit­

tent eouth branch or the d.rainat;e joins the main ster.l or 
the ltito f'an Antonio • the now has 1n.ereaaed to about 100 

t.allon.s per tdnuto. Farther west • just abo'Ye the point 

where ~he R!to enters • narrow gorge eut in Vallea rhyolite. 

the now 1s about )00 t;allona per minute. About 800 gallons 

per minute emert-.a trowt blocky • pwdceoua rhyol1 t.e in the 
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narrow gorge at the weat end or the valley. Immediately 

downstream rr~ the goree a eaginr station shows the dry­

weather diacharee or the valley to be apprcx~toly 1.100 

rallona per minute. 

In the Valle G~ande the dry-weather tlow heada at a 

spring area aot1a tbrea-quartera of a mile northeast or 
hole H?. {See pl. 1.) nere. at the head of the East Fork 

or Jemes n1ver. approximately 900 tallons per minute emergea 

trom Vallee rhyolite at the aoutbea.st point or a large dome 

(Cerro de )fedilt) • Downatrea.'!11 ben"Ween the r.ar.:int station 

below the spr1n.r.e a11d the point where Jaramillo Creek enters 

tho ~!lain drainage, there probably ia so~ additional gain in 

.flow. Th& Jaramillo adds additional water. This creek heade 

to the weet of the Loe Ala:noa area. It gaina some water aa 

it nowa aeroae the Valle Grande• and at the point or entry 

to the East tork• it earriea about ;oo gallons per ~uto. 

Farther wtust tho •.ain cN-ek may p:ain atill more water toward 

the west end or the vallGY• a short distance beyond the Los 

Ala.tnoa area. 

Availability 

!he surface now of the !:ito San A-ntonio an:! the East 

Fork of Jemes tiver was considered ae a source or supply tor 

Los Alamos just af'ter the end or the war. arter it. had been 

dcc1d~d to make the town a pe~~n2nt center for nucl~ar 

resaarch. Tho firm of Black and Veatch was retained by the 
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Atomic ~era Corm:t1aa1on at this time as lftlter supply con­

sultants, and in their general examination or the area 

thay considered the possibility or tho utilisation of the 

nov or both tho Rito San Antonio and the East fork of 

James RiYer. The poes1b111ty wa.aabandone!J aa the watera 

~r• unavailable for appropriation. Indiana living down­

stroam on the Dt.ain stem of Jemes River have a primordial 

right. to thia aurraee now fer use in 1rr1Dation. Banco, 

the fi~ ot Elaek and Veatch turned to the Rio Grande area 

in the early part or 1946, and initiated the progral! that 

led to the ecmtplct1on nea.r the end or 194g of wells Ll to 

L6 in Loa Alamos Canyon. 

Qro:gnd Watcer 
Exploration 

The possibility tba.t an exploitable body or ground 

water existed beneath the eastern part or the caldera eeems 

to have been reeor;niced first by J. F. Brown of Black and 

Veatch. 'Mr. Brown noted the aurfa~o water discuaaed pnt­

viously (pp.'~) and concluded that sOM.e sort or raservoir 

must be preeont to supply the flow. Aa a re$ult tho fir~ 

or Black an•i Veatch angar:ed H. 1. Stea.rns as a consultant 

on r;roun1 water. r:r. Stearne e:rAntined the caldera and 

directed the first exploratory work in th~ summer or 194B. 

~even test hol~s we" drille·1 in th~ ealdera !111 during 

June or that year. 7·!ost, of the holes yi llJ.ed some water. 

and one, il:!tlediataly east or tha s1t.e of hole Hl, flowed 
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at a rate of 37 gallons per minute. In general. all or 
the holes indicated that the pumiceous sands and gravels 

ot the till were au.ffieiently permeable to supply water t.o 

wells. Therefore. Stearns (1948) advised that the area be 

considered as a source or supply and that further exploration 

be done. 

The Atomic Energy Commission then requested the Geo­

logical Survey to make an intensive study or the area during 

the summer or 1949. During the summer and tall or that year 

15 holes were drilled by rotary ric; to teat the eeneral. 

character and extent ot the water-bearing JUtteri&l. Six 

holes (Hl to H6) were drilled in the l'alle !oledo. aix 

( H7 to Hl2) were drilled in the Valle Grande • and three 

( Hl) to Hl6) were drilled along the eastern aide of the 

caldera. alon, the divide area between the two valleys. 

Later. the Valle Toledo and Valle Grande holes were cased 

and equipped tor discharge tests • to determine the hydraulic 

characteristics of the !ill in the valleys. Holes Hl3 to 

Hl6 vere abandoned as they appeared to have encountered 

~~terial of lov permeability. 

Occurrence and Availability 

!gllo_5gledo 

In the Valle Toledo both water-table (nonarteaian) and 

artesian conditione exist. Water-table conditions exiat in 
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the outlying areas immediately beneath the tans and the 

outer parte or the tarraeea. Over the greater extent ot 

the terrace areas artesian conditione exist though the 

p1esom.atr1c surface 1a below the ground eurrace. Below 

the terraces • adjacent to the atn8ll channel, the pie so­

metric aurtaee 1e above ground laval. 

The six teat holea, (see plate 1,) reveal an arteeian 

reservoir which underlies moat or the terrae• areas. 

Recorda or these holes •how that the unconsolidated material 

~n the Caldera ia as much as 500 feet thick in tho valley 

and 1s underlain by domea or th• Valle and Cerro Toledo 

rhyolites. Diagrammatic croaa aeetiona of the Valle (fi£­

ures g and 9) ahow the artesian reservoir, the direction 

or moveJHnt ot the water, ncharge and discharge aroaa, 

and the piesometric aurtaee or the artesian water (the 

height to which water will rise in tightly caaed walla or 

bor-e holea) • In areas lowr than the terra en ( tigure 9) 

adjacent to the stream channel, the piesometric aurtaee 1a 

above the g-,round surface and the wella drilled into the 

artesian reservoir yield water under sufficient artesian 

pr~ssure to overflow at the land surface. The piesometrie 

surface is more than )0 feet above the land aurreee in part 

or the area. It elopes rro~ reeh&rfe areas toward springs 

(figure S) at the west end or th9 valley, and to some 

extent towards the axial atreaA (figure 9), indicating 

the direction of movemant of the water !rom recharge to 

discharr,e areas. 
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!be water aTailable te walla exceeded expectations. 

The aYa1labU1ty wu moat eY1dont in the central part of 

the Talley where the combination or permeable Daterial and 

arteaian bead c•used the losa or the t1rwt two holes dril• 

led at the Hl a1te and the noar loaa ot Hole H4. In the 

area or the Hl a1te. wber"fl the head is •n than 30 toet 

above ground• tvo holoa were loat. 'When t.b.ey boprt to nov 

at a rate or about 2.,000 pllona per Minute. Later. after 

a third hole waa COI!lpleted and deYeloped aa a well, th•r-e 

waa a now or about 3 .coo pllou per llimtt.e ror a abort 

per1od tdth a )o-toot. nduct.ion 1n hea4. However. a 41•­

ehargo ot t.hla ~~~agni tude could not be a1n~a1ned tor a 

long period. Over • period ot yeara the •t•r available 

to • well or vella 1a the Yalley would b8 approdutely 

equiTalent to the natural diecharge 1D the Tall•T• appro:d.­

aat.oly 1,100 gallona per lllinute. (Se.e P• 102.) 

Tb~ teat boles in th• V•lle Orande tapped another impor­

tant artea1•n reaervoir. Here. the uneonaol1da~ed aaterial in 

the caldera 1a thickest and moat extensive in the lare:eet val­

l&y or the caldera. The t.otal thieknt~ea ot the saturated fill 

ia • matter or eonject.ure ns none or the hole• •ncountered 

bedrock. It may be of the order of 2.000 teet th1ek over a 
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large part ot the nlley, and it probabl7 baa it• greateat 

thickn ... through the cet~tral, e011tbern, and autern parte 

of th~ valley. 1o the north, toward the large tlAt-toppod 

dome •t tb1• side ot the valleJ, th4t !"ill probably th1na to 

some extent aa it lape a.galnet the •outhward en.largema.nt ot 

the dat'le ( Cftrro de !~edio) in the au.bnrf'aee. 

Hole H7 1 the deepeat bOle drilled in the ftlley • paa..d 

through n•arly '00 teet of elay aDd •11t that rona the con­

tininr unit in the Yalley and then penetrated nearly 900 feet. 

or pwdeeoua eand an4 ~vel t.la t torma the aquiter. The 

nore ahallow outb1ntt holea ( HlO to !12) ahowd t.bat the con­

!"in.ing unit 1a beet dn~loped throut.h the eGOtral part. of the 

Talley and t."'ult 1t intertingers with eoareer claat!ca toward 

the boundaries ot the Yalley. IA the." outl.:)r1.Dg ar-. water­

table eonditicma exiat, but O't'er ElOIIt of the Yalley the •tu­
is confined thour...b the p1n~tr1c aUl"faee 1a a abort cliatance 

below o-ound 1n ~he terrae. areaa. (See 1'1&• 10.) Ju<lcing 

tro. holee PJUL end Hl2 the p1e~tric aurtace mar be •• much 

aa 25 oJ~> 30 teet below ~he land. aurface in the h!c;har part.a 

or the terrace areas. Along the lowaet parts or the valley• 

below the tarraeee A!ld ad$ia:eent to the rr..ain drainare, the 

piesomotric surra~• rang•a £rom near ground level at the 

,-..,a1n spr1nt~8 in the upper part of the Valley to r.lOTO than 

25 foet above cround at hole HlO in the lower part ot the 

vallsy. 
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The moYemtlnt ot w.ater tbrouell the aquifer in the 

Valle Orande 1a leas well known thl.ln in the Valle Toledo 

though the ao~·eral holes and the disehal'"{;e to the etreama 

end spring.a turn1sh mueh information. The p-eatost move­

ment is to the main sprint area northoaat or hole R7. Th1a 

is indieated by the proportion or the tlow or this apr1ng to 

the total now ot the etreau • ~!OVfl!!>l!Tit toward Jaramillo 

Creek appears to be relatively amall in amount although this • 
creek may gain ae weh aa 250 e:allona per minute in ita 

eourae throur~ the Valle. 

The lateral JftOVement throuch the central part or the 

valley ia relatively slow as borne out by the nearly nat 

piesOtaet.ric aurtace shmm by the water lovela or the vella. 

The JU.XimlDl range of' water leTela in the widely scattered 

holea 1a only 24 teet• and the gradient trom the area or 
hole H7 to HlO is only two teet per mile. Downward move­

ment in plaeee in the aqui.ter ia 1ndieatad by the dit!erenee 

in h~ad at the top •~1 bottom or the holee. (Holes h1LC and 

Hll aboved a. ali.ghtly higher water level at the top than at 

the bottom of the hol~s.) Therotore. some water ia moving 

downward in the aqui.rer as far frol!:! the margine or the val­

ley ae the locations or these two holes. In the central 

part or the valley the water ia under hir;hest head at 

greatest depth. This probably indicates that some small 

amount of water ia r1s1nF to the bed or the main ereek. 
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'l'be a'Va.1lab1lity of water to wella ia leaa in the 

Valla Orande than 1n the Vallo Toledo. The pwdeeoua aanda 

and gravels that rorm the aquifer are 80111ewhat finer and 

apparently somewhat more allt·T• A discharge teat nm in 

·the tall or 1949 (The1•. et al,. 1950) indicated that tho 

transtdaaibll1t7 o~ the Valle Crande aquifer 1a only about 

one-hal! as great •• that or the Valle Toledo aquifer. The 

artesian head also 1s lower. The head waa autticiently hir~ 

1n only one area to eauae dtrf1cult1ea in drilling. At the 

site of hole no. where the head ia about 25 feet above 

ground, two hole were loat before a third was completed u 

an observation well. However • trom the estandpo1nt of quan­

tity or water available. there probably ia about the same 

amount of water available in the Valle Granda u 1n the 

Valla Toleio. On an annual basis• the amount or water that . 

could be removed from the Valle Orande is equal to the nov 
discharged at the main spring area. 900 gallona per minute. 

plus an estimated 250 discharged to the Jar~~llo. or about 

1.150 gallons par minut,.e as compared with 1 .. 100 in the 

Valle Toledo. 

P.echarr;e 

The recharce !or the cround water in the eaatern part 

or the Valles caldera ia of local origin. All of the recharge 

originates as preeip1tat1on which falls within the caldera. A 
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a-ll hactiOil ot the p•ipitatioft eacapu enporation 

and transpiration and percolates downward to joiD the ground 

water bod7. Moat of the in filtrated prec1p1 t.at1on follow 
j 

. all indirect oourn to the caldera rm; ,. .... through it, 

ud nergH along the maia dra!Da.ge linea. Soae, howeYer, 

ia unable to reach the till and gina rlee to the small 

sprinp and aeqa along the tau and terracea. (S" tip. 

8, 9, and. 10.) 

~t of the Jre'md-•ter intake occtll"8 on the ateep 

alopea or the area - on the interior dom .. • the inward tac-

1n& eacarr.n-nt o.r the caldera ria, and on the allUYial tan 

•terial adjaeent to eteep-aided teatttrtta. Some precipi­

tation, in. part melt water tro:m anow an4 ib part water trom 

direct prec1p1tat101l, entera the cruata of the illt4trior 

c.tomea. '!'he dOliU of Vallea rhyolite, 1D partical&r, with 

their highly traettared, rubble covered, and comaonly 

pwaiceoua . en-uta probably conetituto the moat important 

area a of intake. Much water ia abaorbed by thae cruata 

and tranamitted downward. ln a t• cuea it reachea leu 

penuable rhyolite 1n the outc.rop area of the d.omea, ae, tor 

example, adjacent to the north boundary or the Valle Grande 

where two small springe eaerge on the lower elopes of a 

dome, aboYe the level or adjacent ran material. In pneral, 

bowner • the water moYea tarther downward before it reachea 

1 ... permeable portion• of the interior ot the domea. thia 

lue permeable material denecta the downward percolation 
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aDd the water JDOTea laterally to the surrounding alloi&l 

tans and caldera till. The aame sort of phenomenon &lao 

takes place on the rubble or the escarpment or the caldera 

rbt. In thia ease the water moYee downward only a V&rJ' 

abort distance before it reacbea the bapemeable rot:k.e or 

the Teebeoma group or Cerro Toledo rhyolite and ia 

deflected to the a.djacent rm or tan material. 

Additional recharge takea place on the upper alopea 

ot the tana. For the moat part this intake repruenta loa­

••• from a-.11 rivulets that paaa onto the fane ~rom the 

adjacent alopu or the doaea and ria. to.aea ot thia type 

have been noted along the north aide or tbe Valle Cirande 

where riYuleta from the two aall springs discharging on 

the lower alopea ot a rhyolite dOJie Mach the n.ppar alopea 

ot fan material and immediately aoak in. Ri'fUl.eta that 

form on t.he ateep elopes from melting nov 1n the apri.ng• 

and atter heavy rains 1n the at.~~Ber pro~bly loa~ water ae 

they pan aerosa the fane. For the moat part the recharge 

of this typa probably takee place ldthin a narrow atr1p on 

the upper part a of the fane • where tho tan ~Uaterial ia 

coarsest. This is indicnt~i by seeps and emall apringa 

that emerge at low~r elevations on the tans. These seeps 

and springs indicate that parte or tho ran material. ana not 

sufficiently parmeable to transmit all or tha water that 

the fans receive downward to t.h• unconsolidated material 

filling the caldera. A part or the vat•r that entora the 

fans is defieeteJ laterally and emercea on the alopea or 
the tans. 
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Disregarding the obvious diac:.bargo on the eurfaeea 

ot the fan material. water moving through the tan -.terial 

tollowa two course•. A part ot the water move a downward 

to the caldera till. Another part mo?ea laterally to the 

alluvium that capa the low terraces. For the ll!lOat part.. 

the water that rcachee thia terrace material ia discharged 

at the edgea or the terraces and at low points on the aur­

raee or the terraces. (See PP• lQ0-102.) tloveyer. at 

places where the terraeee extend to high elevation•. rar 

back from the JU.1n dnlinar;e • some water probably paaaee 

downward from the terrace gravel to the und•rly1ng caldera 

fill. 

The water that reaches the uncoqolidated material ot 

the caldera by downward percolation recharges the important 

ground-water bodies or the Valle To1edo and Valle Grande. 

A.tter reaching the .till - from tha eruate ot the c1omea • 

troll debris on the caldera etJCU"pment. troa the t'an aate­

rial. and !rom outlying parte ot terraces - the water DO~e• 

alowly throur)l . the pumiceous eande and gravels to the nat­

ural outlets alon£ the main drainage. (See pp. 100-102.) 

Tba quantity or ~ter discharged at these natural outleta 

!e equal in amount to the intake that reaches the fill by 

downward percolation in the peripheral areas or the val­

leys. The ncharr;e-diseharge system is in a state of 

approximate equUibrium. 
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Diac.harge Testa 

Following the cooplat1on ot the 12 exploratory holee 

1a the two -.an.,.., diecharp testa vera run 1n the ~all or 

1949 in 'both the Valle Toledo and Valle Crande. The testa 

were run to determine the production characteriatica or the 

!lAin weUa, the hydraulic character1et1ea or the aquUera, 

and the etfec't ot well cl1acbarr,e on U!e uin aprillga along 

the atream drainage. The wells were conatructed a1m1larly, 

deve1oped, and eaeh dS..chlli"S• teaT. run d.uring a t.hre. t.o 

four day period. Data were collected during the time ot 

the d.iaeharp and for an additional tttre. d&J'8 afterward. 

~. ma1n wU.. • Rl 1n the Tall.e Toledo an4 H7 1n the 

lalle Grande ,..,.. uaed t.o die charge water tor the teet•. 

Well Hl waa coutruet.e<l b7 fint drl.].lj.ng 70 teet into the 

main confining bed or the aquifer and ctment ing to that 

depth a string or 16-inch surface caa1nr. The hole waa then 

drilled throur.h t.he Ce:lent plug and eased to a depth of 450 

fe(4ct with 12-ineh pipe. 'In the main atrinr, or 12-ineh pipe, 

44 feet ot wire-wrapped acreen wae plaeed betweo."'l the deptha 

of )83 and 427 teet, near the ba•e or the c•ldera !ill. Then. 

in order to draw water fro~ all of the water-bearing uni ta 

penetrated, the 12-inc~h pipe waa part orated w1 th a lldlla knife 

opposite all theae units, or practically throughout the inter­

val or eo to )40 teet. In final eat!tplet1on, the well waa 
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4eY•loped by pumping• by churning with a baUer • ad by 

natural now. The development vaa believed adequate whea 

the well N.nally diacharge<l approxiJiat,elr l.OOO pllona 

per minute b7 natural flow. Well H7 waa conatracted by 

tim drilling into the conrining unit t.o a depth ot 10 

teet. and CeDtenting a string ot 16-inch am-face caa1nt at 

a depth or 66 feet. Below this depth the 1.185-toot pilot 

hole vaa reall8d to a depth or 595 .t"t.• or throug.b a t.hiek­

a••• of 295 teet o£ water-bearing sand artd gravel beneath 

the OYerlying )00 teet or clay an.4 ell$. A strlng ot 12· 

inch pipe waa then lallded at .S9S teet. Thia etrlng con­

tained 1"1ve lo-toot. aectione or wire-wraw-d acreen vhieh 

..,.. epaeed at 1ntenala between t.he d.eptb.a ot )CO and 595 

f'eat.. All the interYen.htg pipe 'between tu acreeu waa per­

forated w1th a t.oroh 1n •lot.a about tour inchee long and one­

.t1ghth, inch wide. 'nleae elota wen apaee4 tour arouncl at 

o1Ht-toot intervala. Hence, tNm )00 to S9S feet the mall\ 

etrlng ,.,.. open t.o aU adjacent material. In final com­

pletion th•. well was developed by churning vith a bailer. 

by intermittent pumpinc.by back-tluah1ng with a fire-engiDe 

pump, and by natural no-11. At the end of the deYelcp-!i'ent 

thore waa a natural now or 50 gallons per ~inttte with a 

10-roct reduction in head. It ia probable that the well 

vas not perfectly devclop•d• 

The outly1nt holes, H2 to H6 in the Valle Toledo and 

H8 t.o Rl2 i.n tha Valle Grande • were completed ror wse aa 
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ouervation walla tor- the cliachart;e teat.. The eonatruct.ion 

conaiated of <tntenting a atring ot 6-tnch eaaing to depths 

ranGing rroa 6o to 100 f'eet. r;enerall:r well into the con£1n-

1ng unita of clay and. ailt. Inside thia .urtace cuitlg there 

•• a etrlng of two-inch tubin& which bad a well point )0 

1nch" long welded on the lower end.. lfi tb one except ion all 

ot the well points were landed at an altitude approox:iately 

equ1 Yalent to that o! the bott.oa of the main vella in each 

of the nlleya. The exception vaa bole R4 near the wat end 

ot the Valle Toledo. Here, the w.U point-.. landed at a 

depth of 240 teet, within the pumiceoua cruet of a dome or 
Vallea rhyolite encountered beneath the caldera fill. Another 

exception 1n the construction of t.hie hole waa a atring or 
4-inch casing that extended to a 4epth ot 219 r .. t. In all 

the vella both the 6-inch eaBing and the 2-tneh tubing were 

capped and t1tted with vahte 1n orde~ that the preeaurae or 

water levela 1n both the 6- and 2-incb caainga could be 

m~ured. 'rbe wlle were then developed by toreing water 

down the 2-inch casing and out the 6-inch. Thia development 

wa• not entirely satisfactory • and• due t.o eaTing or confin­

ing beda, the hydraulic 1nter-eonnect1on between the two 

sets or casings was somewhat variable .and indetinit~. In 

general, tha hhd in the 6- inch casing repre•ented the head 

or the upper part or the aquifer while the head in th• 2-inch 

eaa1nr. represented that of the lower part or the aquifer. 
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VeJI• ~ottde t11t 
Well Hl lliU abut in ror thMte daya att.v the daftlop­

sent or 'the well had 'been completed. '!- the •net of th• three 

c.taya the a.rteaian preuure was n•r equilibria and a t.bree­

d.Q' diecbarge t.at -. run. A eorurtant now ot 1.000 gallo~ 

per minute wae aaintained. during the teat and the decreaee ill 

head wu m~ with a bourrd.on-typ. preaaure gage. The 

decreaae !n head at the potentially tlowinc obaerYat1on vella -

the preaeuru in both tu 6- a.n4 2-1neb c.aainp 1l'l holea H2, 

H)• and H6 an4 that in the 6-inch caaing at H4- waa meaalll"ed 

with a merCU1'7 manometer. In the cue ~the 2-1nch caaine; 

at hole• H4 and R;, where the water ltr'hla were below ground, 

water-leTal.a were meaeured w1 th a steel tape or w1 th a con­

tinuou •ter-leYel recorcler. Oba:ern.tiou could not be ma4e 

in the 6-1rlch casing at hole KS. Foll.owiD&; the thl'ee-da.7 

d1aeharte period., wll Hl wu &b&in ehut 11t and recovery 

obaenatlona wre ude at all ..u... 
The thnte-day discharge at well Hl produced t.he tol­

l owine; eftect.-f t 

After '!'heia, Chaa. V., et al. • Unpubl1ahed report • 
February 1950 

1. The boad in tho dueharc!ne well lowered about 

20 reet frO!'! ita static level or about )5 reet above 

r.round level. ind.icatilli; a epecifie capaeity or about 

50 ~allons per ~inute per root or 4rawdown. 
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2. The bead lowered 7.7 teet 1n the 2-inch and 

1.3 teet in the 6-ineh ca.aing -at hole H2, 302 teet 

weet or Hl. 

'. ~. head lowared e .2 teet in tho l-inch and 

4, • .5 reet 1n the 6-inch caaing at hole H) • 600 feet 

weat ot Hl. 

4. The head lowered 1.1 teet in the 2-inc:h and 

1. 7 bet ill the 6-inch caaing at. bole H6. 3,600 teet 

... ~ o1' Rl. 

s. The atAr lenl. 1n the 2-inch caaing at hole 

ns. 4.100 £eet northweat of" Hl, 1"088 alightlr during 

the first hours or the teat. and it lowered only O.O) 

toot at the end of the# tirst 24 hours o£ the teat. 

lt t.he end or tho three-day period, when the 41.scharge 

wu sUpped• it bad lowered o.zs toot an4 it eontin\led 

to lOV'e'r an additional 0.20 toot dur1nt the .tolloving 

two eta,... Arter thia it began to reccn-er. 

6. Tho:re were no clearly defined etreete at hole 

H4. 4,450 f'eet west or In. There were acme rdnor 

nuctuat1ona, but they could not be relate.4 to the teat. 

this waa to be expected a8 tha hole waa caaed improperly. 

The water in the aquifer apparently wu cand orr in thia 

hole. 

When viewed from a purely quall tat1 ve standpoint • the 

ehort diaeharre teat showed that the ertects or the d1eeharc-

1nr, well apread rapidly thr"ou.gh the aquifer. The continued 

decline or head (or water level) in moat or the obaervation 
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vella .a clear. and ahowed that a longer period of dU­

chart• would haTe eauaed ~ater declines and more extena1ve 

.r.tect•. 1here..tora • a production well• diacharging ovar a 

period ot .,...ra • would eyentnally lower preut.rr'd throughout 

the extent or the local body or vatar. Aa the etreeta ot 

diacharJ!e 8pread to the •prlng area at the west and ot the 

Talley • the fiow o£ the Sprin['::a wouJ.d deereue artd the ncnt 
or the Rito San Ant.onio would be attected eorruponc11ngly. 

Vhen Yiewed ~ a qua!ltitat1 ve standpoint th• same 

ccmeluaion ia reached. According to theory the d.iacharge 

ot a well reprennta a n.w point ot diacharga on a natural 

eyeteaa that previously baa been in a et.ate or approximate 

equilibrium. A cone or depreuion aproad• out .trom t.he 

41•charg1ng wen. chans!.ne the Dat.ural p-ad.ienta 11fhich 

prnioualy haTe «dated betwen areu ot recharge and d.ia­

charge. and th• equilibria= 1e diaturbed. 

The tomula tor thia cone or depression in an ideal 

wheres 

• • drawdown at any point 1n feet. 

F • rBte of well discharge in gallor~ per Minute. 

T • eoe!ficiont of trans~asibility 

s - coor!1e1ent or storage. 

t • ti~a the wull haa bean diacharging in days. 
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1fhe forala indica.tee 1nd1reetly that th• cone w1ll 

apread ev&ntually to the area or recbaree or diacharp 

(or both), and a new equ1.11brium hu to be establiahed. 

Tbe diacharge or t.he well baa to be balanced b1 an 1ncrea.ae 

111 recharge or by a decrease in the natural diaeharce - or 

by a combination or the two. In the ease ill queation little 

1f' any new recharge can be draw into the aquif'er. The water 

table 1e well below ~and in the areu of raeha.l"£tt • and hen 

a new aquilibr1lft woul.J1 have to ~ efrtablia'bed by a decrease 

1n the natural discharge - that ia by • decrease in now or 
'.' ., >"' 

In order to cheek conditione to eM if the above for­

mula vu applicable, the drawdown 1n hole• R2, Hl, H5, and 

H6 and the recovery 1n holes H2• H3, and H6 were plotted 

ap.inat tb. logarlt.M or t1me aince 41acharp began (or 

ended) di Tided by the aQu.&re ot the datanee betwe•n the 

observation well and nll n. (s .. f'ige. 12a and 12b.) The 

points did not tollow a aint;le stn.ieht 11no, but t.hey 

indicated that the aquifer closely approached conditions con­

eidered in t.he fornula_ and that the cone ot depreaaion would 

have reached the discharre area withL~ a very short tine. 

The trans~~1b1lity of the aquifer haB been eomputed 

by eeTeral ~ana (Theis, et al, 1950). The drawdown and 

recovery of artesian head in hole H2 indicate a transmis­

sibility of about 6o,ooc. Uaint water levels at the end 

or the pu~int period and wella Hl, E2, and H) in paira 

valuea rnn~sd rr~~ 40.000 to 55,COO. 
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Vall! 0£An4e Hit 

Vell B7 waa abut 1n tor four daya atter being deYel­

oped. It waa t.hen intended to pump the well at 500 gallona 

per minute tor 72 houra, but t.he pump failed after 40 hours • 

and att.er being repaired and reatarted approximaJ.tely 12 

h01lr5 art.er the tiM or rauure, there -· an additional 

pumping period of 4~ houra. Durillc the teat and tor an 

acld1t1onal thnte daya. water preburea were :naaured with 

a mereUJ'"1 manOJaeter in both cuin{;8 or holes ag, H9, an4 

1110, and the water leTel measured by steel tape 1n the 6-

inch caa1ns ot hole ltll •. lut.om.~ic water-etage reconlera 

aeaaure4 the water level• 1n the 2-inch caa1nga or holoa 

Hll ancf Hl2. 

The SOO pl.lcm per adnute tliaeharge at well H1 pro­

duced the following ertect.-lt 

Arter The1a1 c. v., et al., Unpubliahe4 report, 
February, 1'150. 

1. The water level ot well R7 lowered. 

approximately 50 teet, !rom about lC feet above 

the land surface, while pumping 500 callona per 

einute. Thia indicates a apee1t1c capacity or 
approxi~Ately 10 ~allons a ninute per toot of 

drawdown. 

2. The head lowered 6.2 feet 1n the 2-inch · 

and g.) feet in the 6-inch easing in hole HS, 300 

feet west of U7. 
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). Tbe head lowered 4.6 teet in tht 2-ineh 

and 5.4 teet 1n the 6-inch casing 1n hole H9 • 600 

rnt west of H7. 

4. The bead in the 2-ineh ahowed erratic 

changea - that in 6-ineh casing no perceptible 

chanr•• at hole HlC, 1.100 feat southwest or H?. 
5. The water levels in the 2-ineh caeint• or 

holes Hll and Rl2, and to a 1••• extent in t.fte 6-.ineh 

eaaing ot Hll, roae during the period of pUttping and 

tell at ita conelus1ona. Theae water-lenl nuctu­

ations appeared. to be correlative with bar=et.ric 

changea that. occurred during these periods. 

6. The stream ~·• on the ~t Fork ot Jtmes 

River abOTe the aite or H7 • showed the effect.a or 
tlw pumping. It~mutdiately after t.he ptcfP waa atarted 

the gar:e height. began to deereaee, and at the time 

the p~ tailed it had declined 0.04 toot. During 

the 12-hour period while repairs were being made it 

rose 0.02 foot. It then declined O.C) root during 

the second phase of the teat and beE;an to reeover 

i~~ediately arter the test v.a C~TJPleted. 

The effect or the well diseharre on the flow of Jem~% 

F.iver - or actu&lly on the flow or the apr1nr::• at the head 

of the creek - vas obvious. There was no doubt that a 

production well in the valley would decrease the stream 

now. 
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!he interruption of the diechar&• teat. by the pump 

tallure made theoretical interpretation dirtieult. Draw­

down curves were valuelaas, and. corrected recovery curves 

or observation wella (fig. l2c) were imperteet., poaaibly 

becauae · of a nwtlber or reaaona. For example, the pumping 

period waa verT abort, and 1 t ia believed that the develop­

ment of Ue w.lla wae imperfect. Howe11er, loga ot the 

aeveral holes in the valley de=onatrate the continuity or 

the aquifer, and it 1• not unreasonable tc assume that the 

water-bearing aanda and p-avela would approach the behavior 

or an ideal aquifer. 

Tb• corr.eted recoYery curves or holee Hl1 and H9 

(see appendix) , the closest obaervation well•, though 

imperfect, were ued to compute t.he tranamiaaib111t,.J. 

Theis• Chaa. v., et al, tlnpubliahed report, 
Febl"\J&rJ, 1950. 

It waa assumed that theee curves were approaeh1n£ atraight 

line plots. 'tlith this aaswnption, the tranam1aa1bi.l1ty or 
the aquifer aa corotnlted from t.ha 2-inch casing in well H8 

is about )O,oc~: fJr the 6-inch casing o! the ••~e w~ll it 

is a bout 27,00Cf for the 2-inch at well R9, about 45,000; 

and fer the 6-inch at well H9, about H' ,000. The averare 

o! th~ two elope5 at well H9, where the trentest diverf~ence 

occurs. r,ives a value of about 26,000. 
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Chtm1eJ1 QpalitY ot Water 

by J. D. Hem 

In the course of the atudiea ot the ch~eal quality 

or ground water and eurface 1r11ter in the Vallea Caldera 

area, aamplea or water were obtahed rr= the aprin&• along 

the Rito San Antonio and th• Ea1t P'ork ot Jemes R1 Tar • and 

fro!~ the aurtace now or the two atreiU.'la. Sa1'1plee alao were 

obtained from the flowing teat vella drilled in the Valle 

'l'olado and Valle Grande areaa. The analyaea or thQe aa!!plaa 

are listed in table 5 and th•y torm t.he baa1a tor the d.iecu­

aion of quality or water tor thia area 1n this report. 

Valle Toledo 

Analyaee or water .troat t1 ve or the aix teat vella in 

tbe Valle Toledo are given in table .S and one analyaa ia 

a'Yailable tor the 97-toot well drUled in connection with 

.. rlier atudiea. 

In general the ground waters of thie area are low in 

d!aaolTed sol1da end aort. No sample waa obtained which con­

tained more than 14' pp~ dissolved solids or 42 ppm or hard-

ness. In r.:ost ot the aa~.,_ples the content of aU1ea was h1th 

(about 40 - 60 ppm), usually constituting half or more of 

the dissolve1 aolida. 1he predominant anion in all the 

samples was bicarbonate, and in most instances core than half 

the total eations eon•isted or eodiu~. The content ot d1s­

eolved ~~tter is der1vej rro~ the slow attack or the volcanic 

rocks by the ~ound water which circulate~ throurh the~. 
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In one 1t:q>ortant respect the ground water ot the 

Valle Toledo area ditter from those of the Valle Grande 

area. In moat vater ~ the Valle Toledo. rather larre 

amounts or nuoride are present. Several aampl.. ahowd 

a concentration or ).6 parte per million or th1a conatit­

uent and many of the aamplea contained 2.0 ppm or more. 

Aa mentioned elsewhere in ~hie report the obeervation 

vella were fitted with 6-inch eaain.g t.o aba1lov deptha and 

with 2-inch cuing to lover dopt.ha. Because ot the inter­

connect ion of watel"'l betw.en the cu1nca th1a arnmr;ement 

permitted imperfect ~~ling of water tr~ the upper part 

or the aquifer through the flow from the 6-inch casing and 

rrom the lower part or the aquiter through the now . .from 

the 2-incb easing. The perfect aeparation probably cloea 

not ex!.at in moat vel.lJJ but aome indication can be obtained 

from these data as to the extent or the difference• Which 

may ax1at between the quality or •ter 1ft the upper and 

lower parts cr the aquifer. 

Sar.ples from the observation wells ahow only miner 

differences 1n quality that could be attributed to the 

sffeet or depth. Water tr~ the 97-foot well at tho site 

ot Hl contained only 0.6 ppm of fluoride. One c! the holee 

1rilled later at this eite which reached a depth of 478 feet 

y:eldod water havint 1.4 ppn or fluoride. The final well 

h1. had 2.4 pp~ or nuoride e.xeept for 11 F.Jt~le colleeted 

after a period or hea'7 punping Which conta~ned ).6 pp~. 
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Pl&te 12.--tr,pper ;pe.rt ot QuaJe Mllber, (lower right) 

tbe otowi JWD'ber with coniO&l eroa10D&l. remnants, 

&D4 the ~ge (cliff) JDE!I!lber ot the 'BancJe' s er 

tuft. Pueblo C&Dyan. 



~· data appear to indicate that ·1r any water ot low 

fluoride concentration 1e present in thia area it occurs 

only at ahallow deptha in the fill. 

The iron coneentration in eeve~ ~the aa..~las !rom 

the welle waa high. Poe•ibly t.hia represent• iron diuol ved 

fro1n the well cui.nf,. 

~ample• were collected from tim• to time durin& t.ho 

atudy fret! the apr1ng area at the lower end or Valle Toledo. 

The analyaee or these aa~l•• all ahoved water aimilar 1n 

chemical eharaet.er to that trom the vella and all the aa=plea 

coDtained 1.8 ppm nuoride or more. Sam.plee or the surface 

now ill Rito San Antonio collected at the gaging st.ation 

juet below Valle Toledo show the quality ia practically 

identical to that from the springe. 

The cloae resemblance ot the water f'roel the wells and 

the apringa and froM the Rito San Antonio 1n the Valle toledo 

area emphaaisea the hydrologic relaticmahip or all waters 1ft 

this area. It provides further evidence that withdrawal• o! 

water trom wella will reduce surface discharge tr·-JJ'!1 the area 

by an equ1 valent a!'!Ount aa the walla and aprinr:s are sup. 

plied by the S&~e aquifer syste5. 

Valle ~rnnde 

Chemical analyses of water rro~ tour teat wella in 

Valle Or~~de are given in table 5. The water in the Valle 

Grande area, as indicated by these analyses and the data 
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ror eprinr;a and surface nov, are low in 41aaolYed solids 

(about 100 • 150 ppm) and hardness (about 25 ppm) • The 

silica content ia high (about 6o - 15 ppm) and constitutes 

about halt ot the total mineral content. The watera cloeely 

reae:tble those obtained 1n Valle Toledo except that the 

water aa!l:Plea from Valle Orand• all contained cona1c!erably 

1- than 1.0 ppm ot nuoride. The" appear to be no ai.g· 

n1t1cant ditrerenc88 between aamplH trom the upper and lower 

part ot the water-bearing son• in well H9. Th18 is the only 

well tor vh!h such a eompariaon can be made. 

l'ater 1'rom the .epr1n!;8 at the head or now in the East 

Fork or Jemes River closely reaemblaa that obtain&d !rom the 

wella. Howner, the spring water 4ooa appear to be al1cbtly 

lower in 41aaolved aolida concentration than that encountered 

1n moat of the vella. 

Relation of Quality of Water to Uae 

The water frO':Jl the Valle Toledo and Valle Grande areas 

ia eonaiderably below the limita where dissolved aolida or 

hardnea• would be objectionable for moat uaea. ·Conaiderin~ 

these co~onents alone the water ahauld be of excellent 

quality for d~eatie or industrial purpoeea. The large eon­

tent of siliea however would contribute to seale formation 

when the water ia heate~, and vould be seriouely objection­

able in a heavy duty steao power installation. Under ao~e 

conditione the wat~r troo this area ~y be corrosive to netal. 
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The nucride conteat of water UMd tor cl.ome8t1C pu.r­

poaea baa receiTed considerable attention in recent years. 

It ia geDerall7 recognised that water lthich contain• more 

than about 1.5 ppm of nuoride may caue mottling or the 

eD&~Ml ot permanent teeth or children 4rinkin& auch water 

during the t1• the permanent t.eeth an tor.dng. On the 

othet- hand, the presence or fiuoride 1D a coneentration ~ 

about. 1 .. 0 ppm .,. be helpful in etrenztben.!ng tbe te•th or 
chUdren drinking tt. vater1 and 1n -.kin& the teeth leae 

euaeeptlble to decay. 

Tbe concentration of .nuoride 1n the Valle Tol4ldo 

water 1a ao high ae to ralae a aerioua objection to 1ta 

use •• the sole supply tor domeet1c purpoau. The water 

.t1"'0I Valle Grande 1a tar eupeJ"ior 1D thie reapect. An equal 

mixture of theM two watera ahould bring the fiouride con­

centration near t~ optimum. 

In general any water aupplJ' whieh rdtht M developed 

1n either Valle Grande or Valle Toledo should h expected 

to have a eberdcal quality similar to that of the preaent 

head water springe diaehar£1nt: tram these areas into the 

East ?ork of Jernes River and the Rito Sen Antonio. 
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§.m:!aee Water 

Occurrenc• 

The eurtace waters or the eaatern •~P• area are 
·,. 

rept"Hented by the 1"l.ow or the rew aa1l eprinp an4 

etrwama on the alope or the Sierra d.e loa Vallu. jlutt 

west of the townaite, and that of the Rio Orancle, ten 

mild to t.be east or the t.ownsi t.e. The Rio Grand• 1a 

Ule muter atre&!ll 1n tM re£ion. It baa a drainaGe area 

or mea tbarl 14,600 aquare Ddlea to the north, 1Jl north­

central new l~xico and ao\lt.h-central Colorado • aDd tlle 

aTerage d1aeharge OYer a 4!-yeal' periotl at Otowi bridge 

at the north end. ot lt1dte Rock Caft7cm 1s 1,6S2 eubie .teet 

per aoecmd (Pauleo. l9Sl. P• 296). 1"he a1zd.P.l\&m aTerage 

annual d1acharge of' record 1a 126 cubic feet per ae®ncl 

(1934) at thia point. !be nov cr the aprillt;e and atreau 

on the Sierr1a da loa Valles 1s quite nall 1n compariaon 

t.o that or the Rio Orande. The lar.geat etrear.a or the Sierra, 

in Guaje Canyon. has a draina~ area of only a rw aquare 

mil .. and & low now or approximately 200.000 gallons per 

day durinr; dry periods. The ar..alleat aprin£1 Amstead 

l~o. 2 in ~ater Canyon' has a now of about two gallons per 

rd.nute. 
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The base now in the upper reaches or these canyons 

1a discharged from perched water sonea in the rocks ot the 

Taehico!ll& 17"0up and Da.'ldGliar turr. The wat•r 1a collected 

by means or amill intake structures and conveyed throuth 

pipe linea to the town'• distribution ayatem. As all the 

water eoergea within or close to five ~in canyona, it ia 

convenient to refer to the Guaje, Loa Alamos, Pajarito. 

Valle, and Water Canyon aourees. These c!eaignat.iona will 

be used in individual descriptions that rollov. 

-~ 

Descriptions or Surface Sources Ut111sej 

quaJe Canyon.Sourc~ 

Th!s is the best or the rive sur.tace source~~ and 

yielde approximately 200,000 gallons per day during the 

driest monthe or the year. 'l'be maxi'l'!fUt'l now that bu been 

collected durine the period or snowmelt runorr 1n the late 

eprin.g, ia approximately 500,000 e:al.lons per day. The water 

1e collected at a a~ll concrete da~ 25 teet lone and 11 

r~et h1&h. This atructure ia at an altitude or e.o1e feet 

in Cu.aje Canyon a!'l.d i.~unds about 250.000 r:;all~,.,l of water. 

The drainare area above the da~ is about six and one-half 

square ~iles, ~~d the perennial !low o! the stream heads at 

tvc sprin~e so~e two and one-half ~ilee above the structure. 

Soth 13prings iesue fro."l'' pumice at the baae or the Tah1rege 

rnember of the Fandelier turr. One is in the main st~ of 

the canyon, at an altitude of e,S5C feet and flows about 25 

callons per minute. The other is in a e~ll branch e~~yon a 
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ahOl"t d1etanee aouth, at. all altitude or 8,640 teet. It 

nowa about 40 zallona per minute. Downetream trom the 

ap:rincs there ia a gradual ea1n 1n the stream from the base 

ot talus adjacent to the acuth aide or the atream bed to a 

point about on6-half' mle above the intake at.ruct.ure. 

top llam21 Canypn Soyree 

The now in tbie canyon 18 impounded bT a nall aarth-

1"111 da= with a concrete core at an altitude of 7.651 feet 

1n Los ll.amoa Canyon. The atrueture 1e about '5 teet high 

and impounds more than lO.coo.ooo gallona ct water. The 

drainage area above the dat\1 is apprcximatel:y f'ive and one-halt 

aquare mil••• ahloat aa large aa tha.t ot Cuaje Canyon. The 

.f'lov that ia collect.eda however, ia conaiderabl7 len. The 

minimum now l.n dry montha ia about so,ooo gallona per day. 

In the ~rine, when anow 1a snelting, it haa exceeded 200,000 

r...allone per day. The low now represents the d1achart;e ot 

only two small epringa. One 1• adjacent to the Cuemascn 

fork or the canyon, at an altitude or 1!,660 feet. The water 

emerges trora talue, ar.d the diachart::e 1e about 15 r:allona per 

Minute. The Other Bfrin~ 18 adjacent to the ~ain ate~ Of the 

canyon, at an altitude or ~ ,000 feet 1 where about 20 r;allona 

per ~ 4 nute e~er~e· rro~ talus and alluvia~. 

fajarit2 9JntoD SoMt£e 

-:'he now of' this eanyon ia c1i varted by an earth and 

rock-fill dam at an altitude or 7,920 feet in the canyon. 

The structure is 6 teet hi~ and 15 feet lo~r. The dr&inare 
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area behind thia intake ia one and one-halt aquare miles, 

and the m.1n1nm now appean to be about 35.000 p.llona 

per day. The now collected durin& the anow-tteltint period 

in the apr!ng baa been as hith aa' 180.000 gall one per day • .. 
The low tlov is fed by a small spring area at an altitude 

or lt.66o .feet where the water tmorgea from allnium and 

talua in the noor or the canyon. 

!fll! Ctnrqn Some 

Thia 1• the least important or t.be aurtace-water 

aourc••. The low now ia only about 10 .ooo &allons per 

day. Half or this ia eolleete4 behind a low earth and 

rock-till dam about It teet hif"ll and 15 teet lont• Thia 

.-11 atructure !a 1n Valle Can70D at an altitude or 

4.240 .teet. i=ediatel:y below a am.ll apring that uergea 

troll allllTium and talus and which now. a'bout .tour r,allona 

per minute. 'l'he clrainap aru or the canyon above 18 about 

two a quare miles. The other hal£ ot t.he now 1a collected 

from a small sprint: on the north well or the canyon • a rew 
hundred feet eaat of the an--..all dam. '!'his spring emerges 

from fractures in the Tsh1rere n~nbor of the !ande11er tuft. 

The tlo'tf ot about !"our r::allona per ~inute ia collected behind 

a bttlkh.ead. Durinr; the spri."l~ n.t.l'lcf!' • as mueh as 140,COO 

6allona Q~ water per da1 have been collected at both sources. 

The water collected 1n thie canyon ia from the £low or 
three springs. D!rect runoff fro~ precipitation 1a not 
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collected. The largest ot the three sprinr,a 1a at an 

altitude of 8 1000 teet in a ehort braneh ot Water Canyon. 

At this point a now of about 90 t-.allona per rJ.nute emergea 

trom traeturea in the 'I'ahirege member of--the Pa.ndelier tutt 

and 1a collected boh1nd a bulkhead plac•d~in the turr. The 

other two aprinr,a are both ar.:all. One, Ar:!•r1can Spring, ia 

a ahon diatan.ce aouth or lllater Can,.on, at an altitude or 
!,280 £eat. The water emer&e• at the contact between lat1te 

or the Taehicoma group and the overlyint Tahireg• ~r or 

the Bandelier tuft. The now or about rive gallons per min­

ute ia collected in a concrete spring boX constructed around 

tho! opening. The amalleat spring, An::atead Ilo. 2, 1a adjacent 

to the tloor of Water Canyon, at an altitude ot S,216 teet. 

The now or about tvo gallons per minute emerg .. tro:a frac­

tures in latit.e ~ the Taehico• group and 1a collected in 

a c:onent.e spring box. 

In the tour eanrona where intake at.rueturea aN located 

in the atroan beds, it MaY be not.ed that the water collected 

per unit or drainage area ia not. unifo~. Thia 1a pri.":larily 

the reaul t or the small aise of the intake atructurea which 

~re not capable or storinr the water or torrential tlowa 

that oeeur in the sUMmer ~ontha when the precipitation ia 

greatest. These hirh discharrca pass over the 8!"tall dams 

and are lost to the aupply eyat~. This bypaaainr.: hu been 

considered in the pn•t and thought has been givon to the con­

struction or la.rt,"8r i~oundinr structures. However. as 

pointed out in Elack and. Veatch reports (1946 and l94e) the 
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aJSOUnt or additional water to be tained trom the amall water-

abed• doee not juatify the conatrnetion coat or additional 

d.-. Al.ao. aa pointed out by Stearne (194e. p. 14) • it 

would not. be worthwhile to atte:!pt. t.o inereaae the apri.."lt­

ted now or the atreea aa the deep eanyona of the Sierra. 

de loa Valles allow an outlet ror moat of tbe a!"lllll perched 

water bodies or the are.. Then surface aourcea now yield 

a small but inexpensive supply or water. but atte!lpta at 

aajor -improvement would not be juat1f'1ed. 

prgun4 Wtttr 

!xplorat1on 

following the u.&.schart• testa !.n t.he Vallea cal.dera 

and the continnation that p~ge ~, that area would 

a.t.raet the now or the usoeiated et~. thereb}" 1nter­

ferine with the rights of downatrea.m uaera. it waa nece•­

eary that the exploration tor £'l'C)Und wtv be ahittad to 

the eastern elope area. SO!'Je knowledge of thia area had 

been ta1ned durin&; the SWl:lCI\.tr and tall or 1949. and the 

atu:liea were intenai!"ied durlnr; the f'ollowinr: winter. 

Develop~ent or additional ~lla by the a~er or 1951 

was necessary 1n order to supply th• additional vater 

naed~J !or expansion or the town. 

Some exploratory dr1111n~ bad been atarted on the 

eastern elope in the au:~nr or 1949. Hole H19 wa.a drilled 

in the townsite area at that time to detern:r!ne whether 

adequate water-bearing ro~ations existed at eeonooic deptha, 
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an4 a eeriu ot tot hol .. in connection with the undel'­

gl"'W')d moveunt ot wate products had bMD started during 

that summer. Tbaae latter holea furnished additional data 

on the occurrence or water. Fiald o'beervationa .-ere be&Un 

in the winter of 1949. Py the apring ot 19SC it waa decided 

that only the undifferentiated unit of the Santa Fe t;roup• 

from vhich vella Ll to L6 were producing• could be expected 

to 7ield supplemental water 1n aJ17 htportant. amount • but 

there •• eona1derable apeculaticm aa to the aat.iaraetory 

water-bearing eharacter•ics or thia unit. It had been 

reported that the water lenla ot •lla U to L6 had 

declined rap1d.l7 u thue wells wen brought into production• 

and the viev waa prevalent that thia rapid decline ot leveb 

would continua. HowTer. tt.ld atndi .. 1n41cat.ed that the 

und1t.terent1ated unit of the Santa Fe group probably vould 

support additional well•• and an exploratorr hole waa 

started at the aite or well Gl 1n Ouaje CanTcm in Y.rcb o£ 

1950. While thia hole was being drilled a pumpin& teet on 

well t) gave encouraging nsulta. The teat indicated that 

the rapid deeline o! ~ter levels waa incident to the first 

phases or pu."lpa.£8 A.nd. had gradully decreased. Finally 1 after 

the exploratorr hole at the aite or Cl ~• completed as a 

well and tested• it beca.~..e evident that additional well8 

eould be clrllled in Guaje Canyon. 'l'heee wells. C2 to G5, 

were co~leted in 1951. 
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Water of the Varioua Straticnphie Unit. 

l'aebieog ormm 
. The roc:ka or the Tachico:a group are unimportant •• 

water-bearing mater1ala. The ll!:a1l. quantity or gTOund 

water that eurgea naturally on the alopea ot the Sierra 

de loa Vallea indicates that these rocb do not contain 

important 'bod!• ot perched water at high elevations - at 

alt1tudM above the tloora ot the deep C8.nJCD8 cut. in the 

Taehieom~ In ap1te ot the deep canyons in the outcrop 

area~ which would allow ready outlets to any contained 

r,round water• only r!inor &.'20unta are diaebarg$d to· support 

the low now or the small etreca en the ri0Ua"1tain slope. 

Two tNt holes faUed to ahow important ;:round-water 

reeervoirs at depth. Hole Hl9 in Loa Alamo• Canyon round 

the top or the main son• ot saturation at a depth ot about 

1.200 teet. Between this depth and 2.000 teet, the bottom 

or the bole. th• drill indicated that the rocu in 'tllbieh 

the water oe~~ are senerally hard and Maaaive. Therefore. 

it was as~ei that these rocka have a low eoe!"ficient or 

permeability and would not yield larro aro,~ounte of water to 

the well. Hole T4, about one mila northeast of H19, was 

drilled to a total depth of 1,205 feet and 21 feet into 

water-bearing breee1a in the Tsch!c~.a voup. This hole was 

eased an:i equipped wit.h a pa."'lp tor use in waste diaponl 

studies. ~o pumpin£ testa run on hole !4 indicated a trana­

~isa!bility or approximntely 1,000 tor the aquifer and show 
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that eTtm brecciated port1one or the 1'aehicoma ·group are not 

h1£:hl1 permeable. nen.ce. thia poou.p 18 unnitable tor- the 

development or large suppliee or water. 

]G,dtlltr 1'sU 
The l!an4e11er turt Uea well above th• IU.iD water 

table. HoweYw. acme perched water 1a pre•at in plaeee 

1D. th1a t.ut! • u 8hOWA by one t.eat hole and br a rw aprlni:J~. 

or a aeri.. or eight holea t.bat penetrated the 1\andeller • one 

hole (Bl9) • yield-s. nter. At th1a looalitr perched. water 

-.. eneOUl'ltered between the c:lepthe or 4.50 an4 472 feet 1n 

lump pumice ot the Ouaje member. Four apringe emerge trotu 

perehed •onea 1n the Tahirege ~ber·· • at placee where thia 

member extenda to high elevat.iona on the alopea or ~he Sierra 

de loa Vallea. Two ot thaaa eprtnsa. one rlowing about 25 • 

the other about 40 iallona per minute • .-r~ btora pumice at 

the bah ot the tahirege !".ember near the head ot GuaJe Canyon. 

Thue sprL91[:'8 form the headwatere or the atream in thie canyon. 

(See p.131.) Another aprL~~ eoer~e from tracturea in welded 

turr or the Tahirege menber in Water Canyon. Th!a aprinr ia 

at an altitude of 8,0C;Q feet 1n tho canyon and nowa about 

90 gallona per ~inute. A spring y1eld1nc about 4 ~~lona per 

!dnute is a\ an alt1t1u-le of e.300 feet in Valle Canyon. 

This spring also eMereea fr.m !raetures in welded t.uff of the 

Tah.irege l!lember. 
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rv• ismrlR!f!rAt• 
For the moat part the Puye eon&].Ol"'larate ia above 

. ' 

the main •ter table. but parched water ia preeent in 

places 1ft thie con~~O!'lerate, and at one locality ~he 

lover part or the conglomerate lin below the t"'&in water 

table. 

Three teet hol• encountered perebed water 1n tha 

TotaTi lentU or the Puye. Holee Tl• n, and 'n encoun­

tered water in t.h1a lent U at deptha ranging troa 600 to 

800 .teot. All of these holea wre cased• equipped with 

•..aU punpa. ani pampiJl.b testa were run in eonn&Ct1on with 

waste dieponl studiae. 'l'e8ta at well n. t.he beat well 

ot the croup. showed that where the lentil 1a relatively 

tree o! aUt the trana~!aeibillty ie about S .ooo. '!h1a 

1a a fairly high value tor aueh a thin sone ot eaturat1on. 

Aaewd.ng tllllt the thickneu or nturation is about 'c teet, 

a per!'3eabllity ot about 170 1a indicated. R&vertheleae, 

thia water ia unimportant. Laree quantities or water eould 

not be p~1 from the lentil because tbe sone or satura­

tion is thin. 

Two test holes onco~~tcred perch~ water in tho 

fanr,lo~erate ~ember of tho Pt..-ye. Hole TlA encountered 

~~ter between 212 and 215 feet. in an L~ter!low zone betwee~ 

two basalt nows in the !anrlonerat.e. Pu.~inr tests ir.dicate 

that the per:leability of the int.ern.ow zone is low and that 

the water 1C preao.."lt as a le!"!S • r.ben the lens o! water is 



the well will yield. three to four gallons per minute for 

a .onth or two. In the winter and apring when the ltm~~ of 

water is r.all. the well pumpa drJ after a pumping: period 

of about one hour. Hole T2A encountered perched water at 

a depth or 110 teet in eong1omerate in the !anglo3erate 

1H11ber. Tbia local body or water yielda about r1 ve gallona 

per ainute for a periocl or 10 minutes before being pumped 

clrT· 
One •pring emerges fi'"O'.I the PuT•· Thia apring ia in 

Ancha Canyon • about three-quarters ot a 111le vnt ot t.be 

Rio Orande. The water emerpa h-om a perched sone in the 

'l'otaT1 lentil• and the d.1acharge ia about SO gall.cma per 

minute. 

The lower part or the Puye 1a below the main water 

table at the aita of Hole H19 1n l-08 Alamoa Canyon. Hwre 

the mail! water table vaa encountered at a depth or 1200 

t .. t. 10 feet abOY8 tJte bue Of the tan&].oaerate Mlll'ber. 

Farther down the bole • below a quarts lat1te !low which 

takea the place or the lowest part or the fanglomerate 

m~mber in thia locality. the Totavi lentil was encountered 

between the depths or 1480 and 149C feftt• nearly )00 teet 

below the main water table. The hole was not tested !or 

water projuction, but it ia improbable that the 20 feet 

or saturation would yield 1~ortant quantitiea o! water 

to a well. 
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l!Jaaltic Roek1 or CbiDo ""• 
The baaaltic rocka or Chino Meaa are above the 

uin water table, and they c!iacharre no important quan­

t.1t1•• ot perched water • even where ther are breached by 

1fh1te Rock Canyon. Therefor.. it caft be aaawaed that theae 

rocks contain no important quantities or available water. 

One small epri.ng ia pruent about 300 yar.:la abOYe well L4 

1n Loa lluao. Canyon. Thia Qrlftg, t.bou,gh emer&tns trom 

alluvium, J~Ut be ted largely b-e the basalt that cropa 
\. 

out b.mlecliately weat. .llong White Jtock Canyon aome water 

that. appears aa 8Hps and 8Dall aprinp adjacent to the 

Rio Cran4e probably diacbargea trom intertlow sonea between 

the basalt nowa expoa«l 1n the walla or the canyon. The 

water paaaea d.cnmward beneath talu t.o emerp a4jacent to 

tha atream courH. The total f'low ot all the amall. eprlnga 

and •••P• 111 this canyon 1a not large. It 1a ot no impor­

tazu:e to the L08 Alamoa supply. 

~ditferqntiatud Unit pf the Santa ft Gtpgp 

Occurrence of Water, -- lt the root ot the eaatern 

slope, adjacent to the F.io Grande. there are expoaurea ot 

tha undU!erentiated unit of the Santa Fe group. This unit 

eompoeea the bulk or the fill of the Rio Granda depression 

in the area and ia o! great though unknown th1ckneaa. The 

baae baa not been reached in any of the eupply wella which 

were drilled to 2,000 feet. The lateral boundaries of the 

ur..it are. on the west, faults unjerlyinr. the eentral part 
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or the Yolean1c rocks or the Jemes Mountatna. and. on the 

east. the fault sone at the western foot. or the San.ere d• 

Cristo ~ountains. 

The undifferentiated unit ia compoaed or poorly con­

solidated silty sandstone and aandy siltstone with soae 

illterbedded basalt. There 1a alao acme conglomerate that. 

ie important in the aubsu.rf'aee in Guaje Canyon, and thin 

bede or clay are not uncommon. Thea• rocka compose the 

aquifer that yields water to the vella in Loa .ll.£loa and 

Guaje Canrons, the two uoupa ot wells that supply Loa Alamos • 

The study or the area has shown that the \mdi.f'ter­

entiated unit 1a almost completely saturated. The thickness 

or unsaturated material at the top or the unit repreaents 

.only • small traction or the thicknaae or the entire rm. 
Thia unsaturated portion ia t.hickoet along the east and 

west martins ot t.he Rio Grande depression. Alone the 

margina ot the depression the uneaturated upper part ot the 

unit is aa much aa 500 .f'eet t.hiek in places. However. a.a 

the water movea from theaa outlying araaa to the Rio Grande. 

the top or the aone or saturation alopea to the river, at a 

lesser rete than that of the general land surface. At the 

river all beds below stream level are saturated and the 

stream rains watar !rom the (,rOUttd-watGr body. 

Water-table conditions exist near the rargins or 
the depreesion• but over nost or t.he valley tho watar is 

confined. The pie&o~~tric surtac~, like the water table, 
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alopea to the riYer. Along the axis ot Guaje Canyon tbia 

surface slopes eastward at a rate or about 70 toet per 

Idle. Eaat or the Loa Alamos area, on the east aide or 

the depression. ita slope ia westward at a rate or about 

65 teet per mile. (See fir. 1).) These are general 

tigurea • and on both sides or tho river t.he.re are local 

1M"1!gularitiea in the slope. In places • u between vella 

04 and 05 in Ouaje Canyon, the gradient ot the piesometrie 

8urfaee ia only 50 feet per mile, but between well• G2 and 

G) it steepens to more than 100 feet per mile, appsrontly 

because or • buried fault between the latter two walla. 

Several poorly exposed faults haYe been noted on the sur­

face to the west or Otowi bridge. (See pl. 1.) The taulta 

probably are the aurraee expreseion or a fault sone Which 

1a more prOminent in the subsurface. 

A.lthouyh it is convenient t.o refer to the p1esometr1c 

snrtac~ aa 1~ it vere a plane, 8Ueh • simple condition does 

not exist. Beeauae or the 1nterlayerinc of beds or varying 

permeability in the complex aquifer, each water-tearing bed 

has a pieso~etric surface of its own, slopinr. to the river. 

The vertical spread of these numerous aur!aeea tor various 

~onee or beds &t a given locality probably is not groat, but 

in outlyinr parts of the valley. as at well 05 in Cuaje 

Canyon, the piezometric 8urfaces representative or shallow 

water-bearing beds are several feet hirhe~ than thoee 

encountered at great depth. Water is movin& downward as well 
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----,) •• lat-erally in thia locality. The reTerae condition exiata 

near th• riYar. Here, the p1esometr1c aurrace 1ncreaa .. with 

depth. Water 1a riaint to the riTer, anj the piesometrie 

sur.tace repreaentati ve or deep beda ia above the land aurface 

1n areas or low topot;raphy. Hence, .flowin' artesian water 

may be obtained from d"per vella wich are located at lower 

altitudn near the r1Yer. Aa example•• vel18 Ll, u. and Ll 

all now.d when they vere eoczpleted• and two vella at Buckman. 

drilled to unlmovn depths a number or yeara at;o, atUl now a 

rew gallons per einute. 

Ava1labil1tx or WJt!J1 -- Perhapa all or the varioua 

types or rock 1n the complex aquifer should be cona1dere4 aa 

veter bearing. In the lone run, u vat.er 1a withdrawn trom 

the r.20re permeable beds by 'Rlla and the head in thea• b~ 

ia lowered, a1cnit1cant quant1t1ea or water are obtained 

from eYen the clay beda by leakage into the adjaeent ~re 

pe~eable beda. However. the •••• vith whieh the 411'ferent 

types or rock transmit water-or yield it directly to walla­

varies with the permeability. The most permeable beds trans­

mit and yield water moet readily. The leaat pe~eable bed8 

tend to act mainly a& ccnfinL~h or se~1-eonfin1ng beds and 

are or little direct iMportance in the construction or wells 

except for the plnea~ent or sereena. 

t.'hen a well !1eld wa.e first being conaidered in Guaje 

Canyon, 35 sa~lee or the undifferentiated unit were tested 

to determine to aome ext~nt the variation of perneab111ty 



ot the various typea or materul that erop out on tbe sur­

face. or these 35 samples, 18 were selected from five of 

the ~at pormeable type beds that were exposed in tho area; 

seven were sel9eted from !our beds that seemed to be worthy 

ot consideration in well construction thon&h less permeable 

than the beat type or aandstone J ami ten samples were 

eelected rrom beds o~ relatively low permeability. 

!he most permeable typee are pinkieh traY sandstone that 

is very poorly cemented and which commonly ahowa eroas-bedd1ng. 

This sandstone ia composed or tine to coarse sand alsea with 

some silt. The coetricients of permeability_/ o! the 18 

J --------·--------------------
Meinser units. Stearns. 1928. 

samples tested ranged from about tiYe to one hunJred, with 

most samplaa fallinc between ten and rirty. This type or 

sandstone composes only a small fraction or tbe unit• poa­

eibly five to ten percent. 

Somewhat less permeable beds consist or rrayish pink 

~andstone that is massive to thin-h~dded and Doderntely ~11 

ccmantej. The seven sa~plea from rour different beds showed 

· a ranee in tho coeffici(:nt of per~ability from about !1vo to 

fifty, and five of the seven saoples ranted b~tveen five and 

thirteen. Such bejs are estiMated to co~ose about ten to 

twenty percent or the !ormation in the area. 

Samples from tho more co~~on types of rock, siltstone, 

very silty ~andstone, and sandy siltstone ranged in the 10 

samples selected from about one-tenth to tive though Dost fell 

between one-tenth and one. 
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Samples or the thin elay beda were not tested nor 

the conglomerate that occurs in the subsurface in Cuaje 

Canyon. 

ThoUf:h some or the permeabllitie• described above can 

be considered moderately high (100 (pd. par root) only.a 

very s'C!'tal.l proportion or the rocks possesses what !:'light be 

eonsidered moderate values or pgrmeability. Aeeordin(~Y. 

it ia impossible to deYelop Wells Of high yield in the 

undifferentiated Santa Fe, even when a relatively great 

thickness or rock is penetrate~ and the formation cannot 

be consider&j a Wb1gb-yield1ng• aquifer thour~ it is 

dependable. 

P.eebarge 1 Circulation, and Discharre:-- The water that 

occurs in the undifferentiated unit enters the crouna along 

the llfarr.ine or the i'do Orande depression, alonr; a longitu­

dinal strip adjacent to the boundaries of the depression. 

from tbeae areas it. mona verr slowly through the various 

typsa or rock to the Rio Grande. 

The recharge oeeure by diract infiltration or precipi­

tation anj by influent seepare !rom small streams. In the 

Loa Alanos area there is some jireet infiltration of pre­

cipitation. probably a very soall amount, on the steep 

slopes or th~ Sierra do los Vallee and on the flnt-lyinc 

interstream areas or the Pnjarito Plateau. Mora important 

quantities probably seep into the r;round from smul strean:s 

and rivulets on the lower slopes o! the Sierra and on the 

WCSt!frn part or the Platenu. For exar.lple. the noo:1 runoff 
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of auch etrea=s and rivulets rarely reaehea the Rio Cirande. 

Attar the heavy thunderatorna (that occur in the •~~r 

months), a grl:at pnrt or the water 1n the small streau 

aeepa into the ;:rou..'l'\d. nor the foot cr t.he Sierra and on 

the veatarn part or t.be Pajarito Plateau. In a few places 

there are i~portant loaaea a• far eaat aa the central part 

of the Plateau. In Pueblo Ca·nyon it b.aa been not!!d that 

there are 1~portant loaaaa just eoutheaat or the Otowi 

ruins. at a point where 1"loodwatera reach an area under­

lain by the Puye eont;lomerate an:i the Gu.aje member or tba 

Bandelier tuf'!'. 

A part of the water that percolates do'Wnward. through 

the roeka or tho :'.!otmt.ain and plat-eau areas !oms local 

bojiea or perched water in the rocks overlyin£ the undi!­

fftrentiated Santa Fe. 5038 ot this pQrehe~ water ia d1•­

eharge4 tram theae overlying rocks within the :ounta1n and 

plateau arena and along \~ite RDck Canyon. (See p.140.) 

Th1a water dces not reach the undifferentiated Santa Fe. 

A larger traetion of water psrcolatea downward to 

the zone ot saturat!cn in the undifferanti~ted Santa Fe. 

Hore it becomes & part or a slowly oovinc body of water 

th;:.Jt disc!lart:ea to the Eio Cram!e. ':'he circulation throu::_lt 

t:h"': na.t-lyinr rocks or varyinr p~rmeability is co:yllE!:x. 

!~ ren:r:ral, there is a eonsider.able downward ea:pon,~ntJ of 

movm"!1ent in the strip where the r:res.test reehar.re ie 

r~cei vej, and there is conaij erable u~:ard cor::;ponont o!' 

::':'0'\'Q:::l'lnt n~ar the ri vcr, •rhore the water is ris.inr t.o th~ 

strea~ be1 fro~ rr~at doptt. (t;ee p.l43.) '!'here is a rurth~r 
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complication caused by the layering ot beda or varyin£ 

permeability. The more permeable bed• trana~~t greater 

volu•e• or water; the less pe~eable beds transmit lesser 

volumes. But two beda or the same tranamisaibility. preaent 

at different levels in the formation, transmit different 

quant1tiea because of a differenee in hydraulic gradient at 

the two ditrerent levela. The gradient ia steepest at the 

top of the aone or saturation where water particlea are mov­

ing in oeaentially a direct line fro:~ the recharge area to 

the diacharge area. On the other hand. the gradient 1a very 

low alons atreamlinea tbr.t extend to great depth and have a 

pronounced curvilinear trend. 

The discharge to tba river tro= both aides of the val­

ley contributes water to the strea111. Thia ia ind.ieated by 

paat recorda or moaeuremente or the river now at • eaging 

station at Otowi Bridge and another station (Coch1t1) 21 

tr.ilea south. The measurements at the two atationa ahov that 

there is eain in dry weather of the order of SOO or 600 bal­

lons per minute per ~le or river between the two pointe. 

This increase in water is derived larEely from discharge 
r 

frotll the undlfterer.t 1ettd ?ant. a Fe thotlf'.h some small~r 

part ia derived from discharge of ovorlyinr; units along 

Whit~ Pock Canyon. (See p.l40 .) 

ru3pinc Teets:--A nu~bar of pu~ing taFt& w~re run 

in order to determin~ the production eharaeteristiea of 

wells and the hydraulic constants o! the aquifer. The 

first teat wae run in the Loa Alamoa Canyon well field. 
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the 1'1eld developed under the eupen1aion ot Black and 

Veatch between 1946 and 1948. Tbh teat wu run 1n the 

aprin£ ot 1950 when information was needed to •uhatantiate 

exploration at the aite or well 01. Later, •• each or the 

t1ve Ciuaje Canyon walla vere cc~leted, additional testa 

were run at each or theaa wen.. Finally, af'ter the com­

pletion or all the Ouaje Canyon walla, a .final teat waa 

run in tb1a field 1n the apr1n& or 1952. 

Figure 15 ahowa the plan or the aix vella in the Loa 

Al8.!!10a Canyon l'ield where the tirat teet vu nm in April 

and f-!ay of" 1950. Three ot the wlla (Ll, L2, and l3) are 

870 feet deep and tbNe U..r.. LS, and L6) range rro:m 1, 750 

to 1.965 teet deep. Cond1t1ona tor the teat wore not ideal 

u it wu not ~aible to abut d.own all wella, wait. t"or a 

nearly complete recoverr, and ·then pump a atngle well 111hlle 

obaerrlnt; the e.rtect.a ot ita diaeharge, inamuch aa it waa 

noceau.ry to auppl.T the town with water cluriftg the experi­

mental ptmpAfe• To aeeonspliah both purposes. walls L4, L5, 

and L6, the beat wells, were •elected to •upply the town, 

and vella Ll, L2. and Ll, the pooreet 'lftlla, were uaed tor 

t~st1nJ~· The latter wella first were shut orr !or two weeks 

to allow tho recovsrr or water levels to stabilise--then well 

1.:3 llr'llS Ptt":'!Pc1 for ttto weeks-and .finally the pu.'"l1p i'f..g •t L3 

was stopped and tr• water level allowed to reeovnr !or an 

additional two weeks. Watar-levele were ~easured periodi­

cally at well a u. L2, and L) and at two ahallow teat holes 
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cloaoly adjacent to Ll and L). In addition. a mhort teat 

wa• run at well L5 • one of the deepor well-JJ. Moat water­

level meaf!urements during the testin;: were M:ie wit.h a 

steel tape. 

• The teet was not entirely aucceasrul. In the first 

place the rate of pumping at well L) was not constant. 

During the two weeks pumping period or well L) the dis­

charge or the pump declined from 460 gallons per minute a\ 

the beginning to. 300 gallons per rdnute at the end o£ the 

teat. Further, a vide range or Yaluea ot transmisaib111ty 

were obtained because or the variable permeability or the 

aqui.ter, posaibly in part aa a consequence of taulta 1n 

the area of the welle. Because ot tho low permeability 

· in the local! t y of wells Ll and L2 the water leTel or L1 

and an adjacent shallow teet hole showed apparently only 

a small effect or pumpage at L), a slight retardation of 

reeove17 duriq the aix weaka. Lese distinct conaaquencaa 

of the faulting in the area may have caused in part the 

vide ranrc or trans~iss1b111tiea computed by Tbeia and 

ConoTcr (Theis, Chas. v., and Conover, C. s., 1950) from 

draw~owns and recoveries in the wells. (See table l.) 
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Table 1.-- Computed Yalu .. ot Coettie1~ta 
or 1'ranam1aa1bU1ty and StorageJ 

t.rom Teet in Loa Alamoa Canyon Well Field 

~-t~ ~.~iiitiflen:~fi~ii 
Drawd.OVI'l in well L2 aa 4.100 g.p.l; par tt. .00)) 

reault or pumping vall L). 

RecCJT~ .. u L2 at'ter 4.100 " .00)) 
pump well L3. 

RecoYery 1n well L3 after 1.400 • -pumping well L). 

Raccrver,' 1n aballov tea-t hole 2.900 • -adjacent to well L) after 
pumping well L). 

Dravdcnm.a in vella L2 an4 Ll 2,600 • .0033 
at coneluaion or pumping 
well L). 

· Drawd01ft'l in well LS aa reault 6.soo • -ot a brier tea~ em well LS. 

J 
Arter Theta. c. v. and Conover. c. s •• 1950 
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Brie.t pumpin& teat• were ran at .. eh or the CuaJ• 
CaDyon wl.la (wella Gl to GS) 1Jmud1atelt attar each or 
t.b .. e wl.lll bad been c:ompletecl. After caaillc aD4 acreen 

had been aet and a gravel pack entplaced. the walla were 

d8'ftlope4 w1 th a turbine pap. The cleTelopn!eDt. eou1ated 

ot puap1n~; and aurg1ng untU the water wu clear, general.ly 

tor about 4tl hours. Then. when the reeo'YUT ot wter leYel 

following the development waa •••entially complete, 48-hour 

pu.piq tuta nre rua. F1pre 1' ahowa the_ pl.aD ot the 
\ 

wella. 

lf'ha pumping teata conai•ted Ninly ot P111'1P1nl each 

well at a constant rate tor a period of 4S hoa.ra although 

well OJ - pmape4 for e1pt .clap. the cout.ant cl1acharge -

h aome cu.. 500. ia aoae ca... 600 pllon• per miDne -

- aeaaured. with a cal.1brated or1t1ce. During the periocl 

ot pumping tJle water lenl 1n the nlla waa MUu.recl with 

a continuoua air-line record.ar. Following the per1o4 ot 

pump1ne the water lavela ware meuured with a atael tape. 

The pumping level at t.he end or t.heae briet puntp!ng 

teste indicated that the epec1t1e eapac1tiea or the tive 

vella ranged from about S to 7 £'&].lone pen !!iftute per root 
.. 

or drawdown. Point• taken rrom the ail'"-line recordeMJ and 

plotted on aem1-lozar1thm1c paper were erratic, and these 

drawdown curves were or little value. nte tap• measure­

menta of the recovery. however. fell very near a atra!tht 

.J line when plotted on semi-logarithmic paper. An example 
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ot one or the plota 1a shown ill Fipre 17. Valuea of tM 

tranam1aaibility in galloM per day par .toot were computed 

tJ"'a the atraight llDe plot.• ua1ng the I:Jet,hod or Jacob 

(1946). In moat caa .. the caleulation waa eol'"Nct.ed to 

tab into account a laek or complete recoveJT or the well 

t1"'!! the pumping during deYel~ent.. An example ~ thia 

eorractioft ie giyea 1n Firure l?a. 

The calculated trana.alaa1b111ty rang~ aomewbat tros 

well to well - from a lov value o! 7 .soo at nU C) to a 

hid:l value or 16.000 at well 01. Walla G2• G4. and G5 pve 

valuea or 10,000. 12,000, and 11•000• ~peet1Yely. ln the 

C&M or well 0) e the low YalU.e probably ia clue to the bound­

ary etteet or a buried fault whti1 appanmtly exia~ between 

we.l.la 2 and 3. In t.he eaae or well Cl, the hiP value 1• 

the naul.t ot an incomplete recOTary ot the well betore the 

pump1tz teat waa at.arted an4 tor l«hieh a eon-ect1oa. coalcl not 

be made. The valuaa ot trann1aaib1Uty tba~ rangecl tt-oa 

10.000 to 12.000 are believed "repreeent a cloee approxi­

mat'-on ot the transmaa1b1lity or the rain water-be.ar1nr. 

beds. 1. e. the a££1"'8&&te or about 400 feet or beda that are 

adjacent to screen ln the wells. Thua. theao valuea or trana­

Ir..isaibUit1 are not believed to be "preaent.ative or the t.rar.a­

~iseibility of the entire aquifer. The transmisa1b111ty or the 

entire aquifer probably is between 15.000 and 20.000. 
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A 1)-day pu:IJ)ing teat wae run 1n the Guaje Canyon 

well field in "March or 1950. following • )0-day ahutdown 

ot the Ouaje vella. Vella Gl and GS at either end ot the 

t1eld were pumped eonti.nuoualy during the 1)-day period. 

The d18charge at vall 1 Taried from S.JS to 520 and averar:ed 

S23 gallons per minute. The cU.acharge at well 5 Yaried 
.. ,. 

from S45 to SlS aDd averaged 539 pllona JMll" tdnut.e. Dur-
.... 

1ng the period or pumping, water levela were meaaured by 

ateel tape at vella 02, 0), and 04J and by airline recorder 

at wells 01 and 05. Following the 1)-da'J' pumping period, 

mea8UZ"amttnte or the reco~ry or water lnela w.re ude by 

ateel tape at all tin vella. 

BJ the end o£ t.he pucpi.ng period the water level ot 

well Gl vaalowered 108 teet, iftdicatin& a apecitic capacity 

of 4.$ gallona per 11.\iDute per toot and at well GS it. waa 

lowered 99 teet • 1n41cat1ng a apeciric capacity of S .4. The 

water leTel ot wall 2 declined 13.2 teet; that of ftll 3, 

5.2 teat: and that or well 4, 11.6 teet. Plota of the draw­

down and reeovel"1 or water levela an shown in Firurea 1 '7b 

to 17k 1ft the aJ3Pend:!x. 

Values of the eoeffleiente or tran&~isaibility and 

stone• were ca?":puted from the etraig:ht line portion• or 
the SG-:"""..i-lC[arith:nic plots, USint: the oethod o! Jacob (1946) • 

In theae e~utationa 1t was aaeuned that the ·ertecta or 

w.ll Cl did not extend to well C4 and that the erteets or 

vall G5 did not reach as far east .as well G2. ":hi.a i.e a 
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aate uswapt1cm •• there 1tJ DO break in the drawd.own curvH 

ot wlla G2 and G4 Which wou14 ind~eate the.. effects. 
--~--

Computed values of the coettic1enta ot tranamiaaibility 

and atorage are ahown in t.able 2. 'l'he Yaluee or tranamiea1-

bU1t7 cover a w14e raft€•• !rom 7.100 tor one ••£1Milt or the 

d.nwdown cune or well OS to 25.000 for the recoveJT curTe 

or well 04. The low value ot 7 • 700 ia apurioua. The aegment 

or the cune that yielded this value probablJ ia ind.icative 

Of 8 boundary effect. 'lbe &Tel'"8.£8 fJ the other YUU88 or 
tranamiaaibllitT g;1Yen 1n table 2 1.8 16.000. TU coe.tticiant 

or a'tcrage ean be cal.eulated only ~J"'Ol'll the ctrawdowD curTa or 
vella C2 and C4. Both calculationa or thia coef'f1c1ent 

cheeked closely. One curve yielded a value or 0.0002. the 

otbar 0.0004. lloweYer• u v!U be pointed out below. leak­

age troll the aed1menta ot lov pe:rmeabilitJ' 1.a an important 

phenomenon in the aquU'er. and the true Talue ot the ator­

age coett1e1ent or the aquifer probably 1e not real1secl 

untU a long period ot p~in.c. or ':J&fbe years. ha.a elapsed. 
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Table 2.--computed \'aluaa ot Coetf'icients 
or ~1b111tJ ant Storage troll 1)-Gay 

Teat in Ouaje Canyon Wall Field 

,·. 

:: ~ Method : Si\iiiiiSttfffii•?\Bri: 
Dravdown ill well 01 aa 11.700 g.p.d. per ft. -a ruult ot pumping 

wall Gl 

Dravdown 1n w11 C2 aa lS,OOO • 0.0002 
a resul-t ot pumping 
well Ql 

Drawdovn 1ft· well 04 u 17,500 • 0.0004 
a reeltlt of pumping; 
well OS 

Drawdow in 11Nll GS as 7.700 • ·-a reaul1; ot pampina 
•U CiS 

RecOYe~r vall Gl art.r 14,700 • -pump well Gl .. 
I 

P.ecov:fn of well C2 a.rter 16.500 • i -pump & well 01 

tecovery or well G4 a~er 
pw:!ping vall c; 

25,000 • -
. 

Recovery of well G5 atter 12.000 • -pu;mp1ng weU OS 
' -



Several drawdown and recovery eurvea 1"!'"011 the 1)-da.J 

teat show anomalous teaturea which indicate the importance 

or leakar.e in the aquifer. The draw.:town curves or walla 

Cl, 02, and CS (ti&•• l7b, 17e, and 17f) are excellent 

eJGt.mplas. 'rhe dravdown curve a or theae three wells were 

normal only during the t1rat 100 hours or pUCJPing. During 

this period, the eet.U-locarithmie plots show an initial 

adjustment in the aquitor which ia followed by a aeries or 
points that lie essentially along a strait;;ht line. This 

stra1r;ht-11ne sequence should have continued• with the 

water levels declining at a logarithmic rate. Near the 

100-hour mark, however, the slope or the line through the 

plotted points decreases. Between the 100-hour mark and 

the end or the teat (312 houra), the slope or the line 

continued to decrease indicating t.hat a new eouree or 
water was available. Between 100 and 312 hours after 

pumping beb&ft, !Dportant quantities or water were leaking 

into the beda from which water vaa being removed directly 

by pumpar,e and.the eoerricient of storage was inerea.sinc. 

The explanation or the le•kare involves the litholocic 

character of the aquifer a.nd the construction of tha wells. 

Ths aquifer i$ co~posej of interbedded sandstone, siltstone, 

nr.d clay. All of these types of bn:.:is tmnseet the sone ot 

saturation. However. the most perceable sandstone beds• 

, ... 1th an ar..r;re~ate thickness or about 400 feat in th-9 2000-

foot wells, are adjacent to screen. Leu permeable sandstone, 
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sUt.atone. and clay are adjactlllt to blank cas~. When 

the vella are pumped. water 1a tiret removed rrom atorar:e 

in the sandstone bed•• but after a par1od or tina tbeae 

beda aet in considerable part. aa conduits. Aa the head 

declines in thoae aandatona bed•• water be£1na to move 

into thea troa adjacent lese pe~ble beds which act aa 

reaervoire. .As thla proeesa or leakage goea on. the co­

'lff'iciant ot storage ehan!~as. Hence • values of thia 

coefficient are related to time. The cootticient or 

storare cosputed trom the 1)-day teat ia approrlmat.ely 

0.000). The value computed .t"roa tha teat in the Lo• 

Alamo• Canyon t'ield ia approximately O.OC;J. The reaaon 

tor the di.t'ference 1a the two values ia not at present. 

apparent. but 1D either caae it appeara t.hat they caa be 

taken aa min111lJ11 valuea. 

Jlecline or WaJ!gr kYelal- In UD)' aqllitera the rate 

or decline or water levela can be predicted aith accuracy. 

lo homor:;eneous aquifere or laree areal extent • or havint 

kn~~ simple boundaries, the eoeffie1enta or tranamisei­

bility and storage can be determined from puaping teets, 

snd the rate of decline or water levels as a result or 
pu:npabe can be predicted by the Theis equation (Theis. 

193S- seep. 118). Diftieultiea in the application or this 

equation to the decline or levels in the undifferentiated 

unit of the SaAta Fe have been indicated by pumpinr. testa. 
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All ot th• ~• ahow the d1tfieult1e• or determin-

ing an approxbtate nl.ue or the _coett1c1ent ot tranetniaa1-

b111ty. In addition. the 1.)-day tnt ahowed that the erteet. 

or leakage 1rt the aquifer ie quite important., an4 conn­

quently the aquifer do~• not haw-~ conatant coetticient or 
atorace. Hevertheleu. aa the n1la are pumped and the 

cones of depreuion expand • water vUl be 4ratm f"rom greater 

and ueater diataneea. and aa a finn approximation the 

decline of leYell 1'!"0':1 )"88lr to ,...r w1ll follow approximately 

a loGRrithmlc rate. 

In the Loa Alamoe CanJon nll rteld (walla Ll to L6) • 

at the beginning o.t 19SO, after approximatelr two yeana ot 

pumpage at an averag,e rate of ab.out SOO pllona per minute, 

there wu a noa-p\1l'll)1ng water level about )5 .teet below the 

o~ginal p1.uometr1e aurrace. Between th• beg1nn1ng ot 1950 

and 19Sl there was an additional decline or between 2' and 

)0 tHt, to a lnel between 60 and 6S feat below t.he original 

p1eaometr1e .urtace. Thia latter decline ace~anied a 

lareer p~~· rate averaging about 1.000 b&llona per minute, 

a rate that probably will be continued approximately 1n the 

f'uture. If it could be asau."lled that all conditions would 

rerain similar t.o th011e f'ro."n 1950 to 195) • a total decline 

or approxi~tely 125 feet should ~ expected by 1975. On 

the other hand, pur:::page frot~ the Guaje well field (walla Cl 

to G5) will eventually affect the trend• and aa the plr"lpare 

f'rol!'! thia fiel..i is about equal to that of the Loa Alamoe 
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field, the lnela ahould therea!"tw decline at approxi­

mately twice their preTloua rate. There ia no meana or 
predictinr,. the time when the effect ot the Guaje wlla will 

reach the Loa AlalllOB field ae leakar;e will retard the expan­

sion or the cones of depreaaion rroo theae vella. RoweTer. 

leakage .frCQ the aquif"er and the eventual nduetion or the 

diacharge from the aquifer to the £1o Grande v1ll ~jerate 

t.he projectecl lowering ld~"'l the nault that the lowerint 
' 

probabl7 wlll be len than given by the atra1ght lc~ithmie 

projection. 

Pumpaze of a magnitude worth considering ber,an 1n the 

Cuaje 1'1eld .at the beg1r.n1ng or 1952. During the tirat year 

the pu:?Jp&£• rate averaged 660 gallona per ldnut.e. and the 

nonpump1ng lenl declined between 1.5 ant! 20 teet. During 

1953 and succeeding yaara • the pumpaz;e probably will increase 

to about 1.000 &allone per minute and. the drawdown eurre should 

ateapen •11r~t17• With no etfect from the Loa Alamos tield 

the levels ahould decline toward 50 feet by 1975. However. 

the effect of the p~1n£ 1n ~~• Los Al~a field vill 

~ventuallr reach the Cuaje wolls. and afte~-a the levels 

will decline at about twiee th..:!ir previous rate. If it. ia 

assu~d that these effects will reach the field at the be~in­

r.in& or 1954. the levels shou.ld be about 75 feet below the 

ori£1nal piezonetric surface by 1975. Thia would appear to 

be an outside !1Gure as inereaaine leakage in the aquifer 

probably will retard th~ declin1nt. water levels. 
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ifhe above estlmatn or lowrinr. an given only to 

indicate the 1t&gn1tude to be expected. Becauae or the 

many ccmplex1t1ee involved 1n evaluatinG the lent term 

lowrin&. au.ch analyaia 18 beyond the acope or th1• report.. 

Continuing data are being .f)lthered on the ebangu 1D •ter 

lnels in. the •uppl.T wella along with reeorda or pumpage. 

It ia expected that eTaluation of this data vUl parmi t a 

reaaona"bl7 aceurat.e prediction ot the expected. decline or 

•tGJ"' leYela. 

9hla~c:pl £91 itt or Watq 
by J. D. Hem 

S&.'ftPld or wter have boen obtained from time to time 

!"rom oach ot the Lea A.lamoe city •UJ'Pl7 wlla 1n 1.08 . Alamoa 

and Ouaje canyone. The reatdte or t.heae anal7aea tthic:h aae 

-itt ~ble SJahw t.he qual.ity ot ~unci .ter 1n the undUrer­

ent.iated unit ot the santa ,. group which •uppl1ea Ute wella. 

Iaclude<i 1n the table 1a an an.al.ra1a ~or u abendoned rail­

road well at Buckman. 

Water !'rom tha Loa Uamoa Canyon well tield ia low to 

aoderate 1n diaaolYed aol1da. r~t or the vella eonaietently 

yield water ha 1t1n.g leas than 250 ppm o~ dissolved solid a • and 

all yield water having less than 50 ppm hardnesa. Except tor 

well L6. thos.e which were sa:""'pled more than once show little 

chant:e 1n quality durinr the period or record. Silica r;ener­

ally rangea between 30 and 40 ppn and is not ae hieh in the 

WAter -~ these lftllls as in noet others in the rer~on. 
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nuoride cemoentrat1on 1D wat-.r __ b-o:a well L6 is more than -.... ,......,_ 

2.0 ppta at timea. In all other vella in thla field it 1• 

below l.S and in meet or -thu 18 below 1.0. The but wat.er 

ia o'btai.ned from the 1fUt.ern.t!Oat trel.l in t.hie group • well L4• 
' The pradoas!Dant Jldneral eotl8tituenta ot the water troa thia 

•U f'ie1d are ao41wa &net bicarbonate. Exe.pt tor the 

fluoride ot veU L6 the mineral eoutitunta or wt.er trom 

thia well .field all are within acceptable 11111t.a tor dcmautic 

and J:lOIIt oth.r uaea. 

Ouallt7 ctvater from ae•eral or t.he wen. ill the Loa 

Alamo-a CanyoA !'1el4 changea al.owl7 with time. In order to 

atudy the nature of these chan, ... three ot tbe vella have 

been sampled aeveral timea clving the inYeatigation. l.toat 

ot the chancu thu tar obaervod an minmt and 110 def'in1te 

patteft ot nuctuat.ioa 1a apparent. 

. ..,, 

The quality or water hom the Buckman well 1a eimilar ~-

to that ot the water from the Loa ll.alaoa Canyon velle. 

Anal,._. o! aam.pl.. or water 1"ro!n the .t1 ve Guaje Canyon 

walla are 1nc~ude4 in table 5. Water from the wella 1n thia 

field haa a narrower ran~e or dieaolTed solidi eoncentration 

than the wells in toe Ala.'noa Canyon, but the average fer both 

tialda ia nearly the •~~. The weatern~at well yielda the 

water with the loveat disaolved aolida eontent in this field• 

but tba water 1e or the calcium bicarbonate t)'J)e and has a 

moderate hardness. Wells farther down Cuaje Canyon yield 

water somGWhat higher 1n diuolved aollda but softer. The 

161 

'· - -



aUica content ot tho Guaje Canyon wtva 1a comparat!.vel.r 

high, eapec1al.lf that b-om well Gl wh.we one eampl• abowad 

a ccmcantrat1on or U ~ or •U1ca. Tho aUica content or 
the water f'roll thia well baa 1ncreaaed. notably aince it aa 

1'1ret put in uae. Except ror well Gl the d.iaaolvecl eolide 

eontent ot water from the vella in th1e field baa abown a 

tendency to decreue a1nee 1951. 
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J.a-!lXW. oa.amc, v.itll ~ teet of' se..""een 

f.ra!l s,:, to 4'Z7 # to 450 toot.. 
l2-i...~ ··t:.G:t..,; ~-rc...,:;;ea !'l."a.;.; 

JO to l20 reet. 
125 to l50 feet 
170 to 24o !Get 
a;;) to ;oc !"'Ot . 
~.J t.o ~ :feet 

O'Uti l';b l.""econ.i; 
0-i:lCh ~ cas:1nc ~vei to ·r9 teet. 
2-i.t~ t' .i'..;;.t~ \."i t:.1. a :0. :.;~.>"'··..: a::.:J(i. ~t; a.t. 

401 foot. 

.~t.!t~:.::~, ...... ~~· .J(: c.~:.:'"~~~ : .. ,6:.~·: 
:~'~:~ ~:·~"'~::.:,, ~~ .. ·: .. ; :*c:~< .. 

=::..·-~. i, ~eQ t:-.s~ ~-x:;~~ ::r~~ ·~::~-~ 0a.:;.~~ 
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Al-titude., tJ,"''Ual ~~, a.w3 
ZotaJ. eeptr., ?35 reet 

Dr~ "'l "! ,~ ·~·- ~ ~Jl'.:..:i.lir.,£; ~;¢~' 

Qlute..~ Gll.uvil.S: 
Gravel, ~-, \rl:t.a t'JCDI1 ~· .. 
~ e;::e:J. ~ f'1l1e to cco...-oe 
GQ~ is~ tai~ Of' 
lJ.c!lt L~' ~ul.i~ end ~~ 
LJ.a,ea. '!.'!r.! se.:xl is q.&-t% &04 
eat~~·'l!nc. ~'t Gil.ty claa' 1a 
~~tin tbe ~'feet .......................... . 

Co..1.dera fill: 
Cla;.v 1 all:ty, ~ah ol:be1 111 tb 

aawe ~1t1c ~~•································· 

G..."'tl.vel, ~· t.o s:U.ty, ll~t ~. 
~ !'i!te tG :»d:b£ ~vel is ca.....~ 
m.i~ a£ lJ.iil.."t ~ to pale ~ 
}'U:loe and p.m eeoua c;lasa. ~ &!14 
1a minl3 ~and 18nSt!ine. Gra;.risll 
~(:)aUt 18 prellllll'lt ~t 
toe uni~ •••••••••••••••••••••••••••••••••••••••••••••• 

G~..l., tmld..-r I {~""Sy. T::e .f"Z-ne to 
ooanse ~ 18 ~ ct pmce, 
v..cteeoua rlacs, e:.1ii ~rolite. Tbe 
~ !.G r.n.i.;Jl;{ q..!a.."'tt. a:id ~~. C:-... """'-"....-.L"t ..... .., n 

... 1-' .... ;;;;..;"""'"'"---...o;--------~-· ;w·· •••••••••••••••••• It ........................ . 

:.:1~~ .• 
1 

... :_,1_t.v
1 

'i·l _.,.,... .. _,,_ 
._~ '-'--..,- ~ ...... .u... e e • • ... It II e •••• • a. • • • • • • ._ •••• • • • • • • 

Ve.Ue,s 1:'~!;:.,..'tlllte! 
;;,:·~:._i~~~ _..:;~ .._;!.~:.,.,;;, ~~~....!.~ 

~;tic r~~~...u tc, ~L;::t """-:~ t ...................... _ ......... .. 

C:a.ci:l~: :!~~~:-,:;.: 
... -!.r;.e:. s-..:...-:r:::.ce caui.!:.;_ cc.xr::rt;c~ tc 

~> roo-::. • 
..._.i.A ... el::. ._~ •• ::!.uc Vit.:.:; €.. .;kr-~ ~ .1~~t. 

at t.:::c l;;n<~Cr end to .2w feet. 
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Altitude, t,..~:r;t; ~. S, 7CV 
To'tGJ. deJ1"~1 5;c f'oet 

!lr-P 1 C*'l 1rJ f-ee:;; ~ "', i:-~ 0.X;xl11J 

~ mter.tal: 
Gntvel, pz.~ to r..J.ey, liGl't 
~. 1be f'ine to cc:fiine 
(%'Awl ia ~ =.:nl-7 c£ 
ri;yQU.tct. 1'be alWd a mi nl~f 
~--t~ cod ~-.ucune. &::me 
sil.t is ~- ......................................... . 

CtU.dcra rm: 
Cr&w:l, ~I l1t:Jt C.~ • . 'l':e 

£1lle to cca.roe ~ ia ~~ 
r~ ot r~te. ~ aa;ld 
!s q:.nrt::. oa.tU.::l.!nl!, a:.id. 
r~~-tic: ~ .............................................. . 

S:U-&, ~to s:..~·, vit."l 
aaae ~tic~~ ••••••••••••••••••.•••••••••••••• 

Cttmtl, ~ to sUey .. l..1.cht 
~·. b t'...:xt to cc:arse 
~ is cc:qJOOGd or r~lQlite 
s.ud 1~ee. Z'~ fBl.Xl is m-i,..J.y 
~ ami &'&i1id:lno. LiG:t red 
to ~ ~ aut 1.a :pre!*lt 
f:ro::. 1~ to l3;;, .150 to l.;;;:J, 
ll3i 1.65 Ui l"{O. ~ s.Ut ~-
'00 j".l"C;~::r.:t th..'"'O~lO'~t t.:.:.e ~~-.-~ t. .... u .................. . 

CTlt, c::-.v~;:,· to ~.;:;t~, twil C-o:1• 

tc..i..~: ~ (..~"Uve.l C~.!O~ 
c~· !·~~ ~~·~;..c c~e·~-;::~J :..i-;,._.•.'t. 
:.:a~:C::.i. ............ Ill ............................................ "' •• 

:::::u-;:·cl, ~:::~~ to Gi.lty, l.ic!:t 
i.::::.~' • '.i.':.A: ·~'i:lC t.c; c~~ 
.~;..~v~ .:.s oc..::,x:.~ :·~c.-t·~.,~- cr 
l;..~.W.oo. '":".raa SJ:.Kl is o::U..ll_;~ 
q~:i'.l.r!;~ ~ $+->J i i'j r.ioe • Z.e 
si.lt. :fll~i.t. je ll~-.ht .ta.""C'Ch 
X~- a.;·:.~-G tiC "t'lC l~'ese..'l.~ 

"t:!.'r"Ci". .. ;,.::_:;!:·~ t...~t Of ~le ~ t * ... • • • ,. ••• • • • • •• • • • .. • • • • • • • • • • 

1 7 4 
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~· ~J.niw. T':x, unit 
~tobe~~ 
..,\1;1_.,, ... , .. ~ ""'~ 'n:!l'"'.i-
dj AtAaJ w. r-~ • .. • • • • • • • • • ~ • • • • • • ·• • • • • • • ·• • • ., • • • • • • • • • 

CJ:avel, ~I lJ.{;h't ~· to ~ • 
tt"-JC fiDe to cca.-ac t,!"Cvcl. 1.G Cl'.l':iJ~ 
<1t p.mice, ~ t;lAaa, 8:ld 
r'.J.)!Cli te. 1".:Je tJBDd. ill m;t r.:!.y qu:..-t: 
IWd aa.."l..i.clinnt. Scat broWnish l:14i' 
cl~ll:'C" a! lt 18 ~ 'betueen lt75 
8Dd ~JQ. ~~······························· 

c.a.a:...-..c !"CC:O...-d.! 
...;-,4..~~ &:...~ CNli:l.f; ~1~ to 

9') teet. 
&;L:~ ~~ln~:c Vit.:a a YJ..iu::: .. i aa.:.i!. 

JO.'i.:::r; • o::: 'c;;e :.cw:r e::~ t.v ;.::7": ft..-o t. 

175 

~~ 
(reet) 

r·:~ ~ 

z;o 



ut.;.ttW.e, ~ s:.l~# ..;,G:;.{:) 
:'cr"'...a'~ de;1"t:.1 ~·. feet 

!.Tillo-J. b~./ ~~k Itt~ ll ~~.3 <; ~1:~~~-

<~~· G1J~·vit.C: 
Cro•'\ll, 1"i..'le to oal:Be, li.;::t 
~·1 vlC:. the ;pe~ ea:J• 
poaet of r~~t& and. o~u;:oo •......................•. 

Ollt!...cra r:, "! : 

c::u-ilOl., ~ to a.llty, ~-t 
~·. zr-~ ~~'VOl ie ~x;oeC. 
ca:~ .,.,J y ot Z"~"'Q.1. ito. ~ ~ 
i$ m;hly q:.a.rtz ~·~ BSLid.ine. 
c~ .. lttl olive eJ.J;y--ey a.!.lt a 
_:.l!"eseut. t~ lS to ;,o a.."ld be 
~t."'llt. is dl~· \.'it;; ail\:i !'ra.:. 
.... ....... -;_"', .......... -~· '(0 ....... (;':<" ~ ...-.,. , .... ~ ·--~ \lt'\J ,;,;; ............................... . 

~··,aUt:; to ~:J.O.y1 ~L 
-o.l,1 ~ .. • • .. • • .. • • • • • • • "' • • .. • • ·1- • • • • • • • • • • • • • • • • • • .. • • • • • • .. • • 

Cl.'Q.'Vt:o11 &lDd;i 1 V1 ';lt ~ ail t, 
~t ;:;ra.y. l".:e !'!ne to 
medi\Ci. ~vel io ca;~ 
t~: Of ::rxd.ce ~. rlv"r.. 1.:i te 
b..rt sa:e is latito. 7'""ee GQUrJ. 
ta ::n.1nly qn..""t: co.":d swlitlln.e • 
7'2':~ ~Jtr ;.s ~~~=--~- s:Llt-~" :t!"': ... 
UO to ll5 f!n<l ct..'le::." 1~c:tn of 

"';.,~ ........... : ...... -
,t ... ~ ...... ; ............................................................ . 

~ . ..J,-.:Y.~S(:~ :· .. ~~~ ~~.t ~:~~r~;.,'..OC 

::.!~ ;l.!.Jl;.~~~~-c t~~a.z ~t oc~ 
~:z ~:::~~:,~~.L~ :.A!, ~~t.:! i~ ~t.::~. 

_,..,.. .. ~.-· ... - -~··-· 
~ ................. ..__.;.. .. 

~::: :"e-x~:~: 
._:-:;..:.te:; 5'-.~"t't..l.ee ca:.ir..:.::: '!£:! ca:e.::t;,..""t;. 

t.:.~ :r. ;:'<:,~'"-• 

~-~~:: tt~:~..:.!l .. - 't.r!.:!.: ~ =~~l~ a.::i.~ 
.. ;. , 
ir-
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Altitude, ~~,Ulii, BI.Z~.t ~~,)'~ 
:.;~;p~ de~, l,l~;;:, fce_t. 

Zi="ill.c~ !Jj· ~:.~;~1.~· ~~·t?--: ilA:t .. ·~:~··ar..,-;:_..· 

~,..."'1 aJJ;; ... 'Yiuo.: 
~ atld ~~ r..J.ty to 
~' ;;rr:r:. ~ mas 
j.,a co:;,'IO~ of p...""'h tal 
~a!.~. ~· ~ ta 
,prnoc, r!t:oal...+te 'Cl4 ~. 
r:,~ dlt ana e1ay !ftl••u.t.• 
r.erti~~ in the -up~ fw 
.feet . .....•.....•............................. * ••••••• 

Cn.lt'f>":fii. fill: 
,......,-'<.:!!, cllt-y to ~u .. ~, ~~ 111t4 

scce oc.aa. D.;ld ~~vel, Gl1"k cUve. 
~.t.!C s:lal a.oe. t:"fJft]. OCIJtrt• at 
~~~crts cf r~"'l.i.tc, :pu::-..ice, 
obsidian~ ~z, a.i laniO~ ••••••.•..•••••••.•.••. 

Cla;r, eiJ.t;; to IJ.ilt., ~J I 
41~, cli'l'ttJ 11ltb &CI!e 
aand and ~l ot.qJoea4 of 
*~'Clltte debris ~ l.Ol 
8lXl. ~; .............................................. t ••• 

;:~ w:L L=ve!, &Ut,;~, c~.'" • 
Z.r.e ro.nd nne ~1 ........ ot'lil)lo 

}X>sc<i I:.O.i.n\1· of 1._.\!dce Gtd 
17r.J..i.~.s ~· ••• ••. • ..... •·•• ••• •• • • • • • ... • • • • .. • • • • • 

Cr::r.rel, ~~", llt;;:i; iJI.'&3 • ~ 
J:.'~:.e t.0 meii·;::; ~::u,.-u: is ex;­
..._~~~~ .c! l:::i~ t,o :L_~~~t ;:_::'ti.) 
~i.vt~ioc ~ ,Pt~eeous eJ.a,ns. 
'i'~ ~ 1s :~eeottfl c.latsa, 
q~-1;:, a:'Jd tc.r.J.d.l-1'\ee ·,~t;.;/.;C• 

l~~ .1.::~ • • a • • ••••• • e • • • • • • • I • • e e e e • e e • e • • e • • 4 & • • • • • • ' e • 

C~ratlel., Ga.lxzy 1 ~·t- ._:.;~i. 1
:" ... ~ :·::..:.le 

~:~"S·,~ is ea.j;~~ o.Z =~~~t,(;- o..;;~.: 
·:~~cc v!;.ic!l ~; U:.. r~j;,~i·w .. c .,.-..::"(,;­
~.-:.o.:-t.i:2:~ b '\~iO'...:S ~..e a.l~ . .o:;.~l:.;_, 
i.:: ... <.::.~~, :r;u:z.ice illC...~s v::..t~-. 

~~. .~2;.-e sar~ ~:.sites ~, l~-::'1:.-

.:.~-:!:.:..: ~.-;..;~~, ~ll .... ~::., ~~,:t.~:r-, 
:c~:.> ... ::.._:. ~~ 1 ~~~i c.:;lS.:.~~.. ::-Q-c '-:::.or~ 

a.:_::"Q;;.:- ~.c. ·x (i..i.·t~.' ;.:..:. ·..::. e::...:...-:;. • 
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1.- ,..._ Y;.r.- •-~ _:· ... :.r .. • .. _. 'ln"·-i-"-i" ._ .._._.. ,.,~,.~ ....., ~~ V..n• ......,...., • .., ,.. 

rote:-i::.l "bc-:;;i.rlS to e1~~~ lJc+'~ 
:tn -;:;n.... !'i::x: c:.:.."n¥'\!.4 p_.....,e oo.::li:. 
Slzcs s..:lii ;.~ i..."ll::l"tl0.3CS vlt.h 
' .4-' 
Qe'!)~e • • • • • • • • • • • • • • • • • • • • • • • • *' • • • • • • • • • • • • • • • a • • • • • • • 

~£:record: 
l...-:.:·~..~~ m~ e:J.:;in.,,: ~1.toC. to l>'...; :feet. 
l2•!.ll:.=1 oa&i;;-c to 595 !'~~ 1 vi t2: f:::. ·...-e J.O.. 

tQ?t sc...~ ooct1a:;S set. ln .:i.t i:lte--r<J-1 ~ 
oot'UOCO. ;oo e.::a. 5"9~ roc-t. 12-me.."! ~illi: 
bo~ tbe !'ive S<!t"eC'.l recti~-& :.;:c...~"crntal 
by t.cn-~. 

Ca.aiuc reeard: 

~titu~.le, ~~ :r...:.rft:o;7!C1 :..:,5.::( 
f~"o~ ~-:;;~-~~:: ~:s~~;- r~t 
~ by \~'lCcl.er ~ 111':1G ~~r 

0-.i:.l.c!: m. ~ to 6o :f'oet. 
2-i...~ tubin(; Vith a ~-~~! ;re:ll :.:Xii.."lt 

&t. t..'-'lc ~~ end to 5:7) ~eet. 

~· . 
-4.:-.!...:~c... ... 

! ~ tl t:...Ct.! 1 ~:0- .;,·;.::;_ S'....!"f'"...O.OC I .:. I::;·:.:...:. 
~-~t;£:.1 Ue;.·~~.!, ~-r).,J il~t. 

:,~~(.,..~ Wl~~ 1-::ct:!J.e:~ ;;.,:-~~-~. ~;;:~--~~ 

. . ' ,;, . ., 
.c.:.: ... 
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Eole 'f l.O, Ya.ll.e Ora.ncle 

.1\J.tJ.t-t.ld.c, :~'T'ou:oa. ~~ 3.491. 
Tot::J.. Oe!Jth, ~ feet 

Dri ~ 1 e<' lTJ ?ec.S;. I;rll!.!.~: ~:~' 

Qua.te~ all.t:viU'.:'I.: 
1!c:ld, 'Wit!! soce ;:;n.we11 sil.t, 

__ ,. ... , ... " ., ~ --'!·+ "-·- ~-
Q4Ji.6. ~I ~·~·v ~• • -......;;_. 
!'ir.e to coa..-se 8iCZld is car.­
poaea. of pumiCeOUS ijl.ass 1 quc.l"t.z 
and su.nidine. The ~ne (;:ravel 
is sp...~'""Ulltic ~te a."1d 
obsicit..'1.. !:oat t;.t ~ unit is 
s.Uty a..'ld tbe u~ tw feet 
!ltls ~ sa -cy ~~ .................................. .. 

~ 1-r':rtl ft;:l.l: 
Cr.:rvel, ~Q" to cla;i"e.;f I ~l• 

'?he fine w :::edi~ (;...""e'lel. is 
~ c4 ~~"':lite ~xl 
o'ttsidia.n. ':'be fJl.Ud is q~~z., 
mn'di.nl!, and rn;,ouuc debris. 
Clive-eol.ored. clt\)tey &Ut ia 
~~cent~ toe unit •••••••••••••••••••••••• ~·· 

Clay 1 all.ty to silt, ~"e'Y, 
cU.a:t~!lS, cllw. 'i"i:.e 
unit 1a Ali~ ~- ~ 
contai.'lS a little ~~vel 
~ 1'50 to ZJ5 ............ ~ ... fl ••••• " .................. . 

c:.~~--:..., oa:~·, ~!:.t i-~,:r-· to 
;:~·. ".!!1c i'i.ne to C~""''' 
Cl."'. "'cl. cc~t.:; vi' T.!..i;.'O.l ~ tc 
a..ld :i7• .. r.:icc vi t!·~ Clc p. r.::i ~ 
.. :l~::...,.C'f~S~L:._,_- v.:-~ .. ~ ... :~. -~?!.: 

~-K1 ic ~~~~-:::.icc·J"..:.S ~~~ 
cztill:~r., n.:ud sa.nidinc. '::.x: 
··u·~! t !s ail. t:.· ~ 2Q) tc 
;?7J e.r~. t:-.z.e·.t .. -1: l'JU;? lie r.} ... :L~~~T~~ 
c.2-• ... -;;·J'r ·~'1~ l~.:cP$.r t,.:.:ls. 
' • .... ..,~-,. ~~ """"-~'""'\~; y~ -·· 
ft ................. _-~-..; • ..._ ................................................. . 

;:&.li":.i: ~'"d.~ 
. ..~-:;...i{!.:.;_ ~- ~c~~~~ ca . .LtJ.:~·<i. ~- -J;. :.:~...:-w. 

;;.:~r·~~ ~-..::~.11.-...: -..-.i~ a 7~.::.:.£ .. ; \t;r~J..: ~Jeit:..t 
a~ t:::e ~~~~ c::i.. tc. :; .. ~ :~c-e:.. 
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.uti tude, .;._.:"'";.l."ltl a-zro.oe , ._., ~ :h 
:.'Ote.l c.c:--~, -~ ;/) feet. 

:Z.i~!d. "b:;· i~~.:..c;- :Z. ~ .. ~! ,': · ~-: :.ccJ=·-c-:1:.' 

1\l::-n-..ce r.n ta..."'"itJ.: 
~ ar~1. v.u·vel,. 

to l..i.j.rt. buf'f. 
li[)lt c:'C'.\1' 

':'!:e f!nc 
to ~;.::;. ,;:;ravel s.lld !"i!JC 
to ccc.-""'SS! GS.!'ld coo.:dst 
~- or piZioc a..'ld 
pa:UCCOU.$ clAss· Z'll! u:U.t 
:ts dL~· 'il.i tn s·;" t i~ vc to 
5"2 ............................. ~ ........................ . 

::--..J dem !'ill: 
:;"~a,::~ tr~).t:f tc cUt, c~-ey, 

~¥i;:,~ &)Q. v!.t!;. ~ z;rav.:--l. 
l"!le sa:.ld w:n vuvel a.."e :~·.i;-.:..:; 
·r" .. ~.r....,. .,....,.,. "T._Q....,...,..,~ , 't<,,..~ _...........,....,..... ~r~ \IA.oo-~ ~._ .... . ........................ . 

Gra.vol, ~to ailtyl ~t 
crroJ to .liGht bu!'t. ~Je ~vel 
calGista ma ~ nly o£ l'a-J:i ae a:xi 
lUUi-eeoua G].a.as. The sand a 
p-:ll.ii1.co, :,.?UC~ ~ r.;l.ass, ~rot2:., 

'Vi. tll Gi.l. t . • • . • • • • . • . • • .. . • • • • • . • . . • . . • • • . • • • • . . . ... . . . 41! • • 

S::.lt, cl..."'\'.;-c;,·, '.lir..t.a.A..."C·!l'....S, c:..:.·,.rc 
t..::.i..~J \l'!. W SQ:X: a.....::t"'.Vci ..... • ••••• 

,-~-.... -:, """''l.S:,• .......... ~, +-~- '. ·~~· ···-·'" --~~r._....,. ~-·--..; ~ .,;._...,.~ 1 -..-.. ... -J._"v ""'.-._,_..__:.: • 

-· .. 

~-'1e fllJC tc t:c..::..t.i::l ~ c~;.s;;....s;;.c 
~;'~-· ~--,~~tc~, ··:'1,.= ~:~i.lec",._..s t~, a·l:l 

.: .. ;..4.~C::-"V\.Jj ~~ ~-~~~~ --~·. 

cr .. ~~. :ms~ c.D.. t :.z . ::..-cae1t 
t,._~ ~~:...~--~ ................ . 
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't=!'le ~t . ................................................... . 

G..~, ~. llcbt £TQry to 
~. ~ r;rcnel. cond sts 
treirly Cit ~ceoua (,l.Asa. 
~- s&."ld ia p.:::.iceoua r;J..ass, 
~r., ~. obaidiau, 
end rtG~te. wa~-~~, ......................... . 

!ie.?th 
(teet) 

F"l'CD :rc, 

~"Ol.i.. tic {;!U""Yel. ......... • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • !05 

G...~vel, saney, li.;llt ~r to 
f).UY. ~..le !'1lle to 4:lCCli~ 
G"f&W.l. eousis;ts o:£ p.:cioe, 
l~ceaue t;.JnBD~ ob-Gta:Sw1 
and ~tc 14th puctce 
~ 1n ~t 111121 depth. 
~ amd ia r&inly pu&aice aal 
~rJAA. ~o! 
tb! unit :t4"0ba.blJ a...~ 4irt7 
vitb silt. W&tor-~+nu····························· 

ens~ :reecrd.: 
G-:inc.h ::f}/x.sinc ~.cd. to L.i.. .. foet. 
2·inc24 tlG.:.ii;;~ ;;i.t:l c. })-:L.""..C:l sa..."1'.! ;:<T.i.llt 

at t:~Je !D".t'CT e..~ to ~22 f~t. • 
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Tabl.e Jt..-Logs or well a f holes. 

_, a;:Uty, ll~t. ~~· ·;c 
• ~:toe f"'...ne t.c coo.;:.--se 

,.,cl ecx-:s.1.s-;.s of ~coous 
~s w:t.C. :.•JJ;."'lit.e. c-~·oy 
- ~ is 1:.:::-ese-..:n;. t.::s.-""00'~::~:·· rt 

.. :.e ~~"tc,. ............. 4 .......................... . 

.;.irel., ~. l.i.,;.~ f.~ t,(; 

_::·u.,y. T'!lC ~ ~ 
:.IJ.i!·J.y of :iYZ.iceotlS .(;laSS • 
':tx: so.nd :18 p;.tt:ioe:O'JS ~' 
q...L?t~, OBPi o:S ne I u~e.ian, c..u rl~~te. \<btcr-~·- ....... "' ....... .. 

ru.l t 1 cJ.:l,..~ 1 oJ.i 'YC; vi tl:l ~ 
r~o1itie ~~-~···············'·······~··· 

ec..cm: rc~~: 
l.>•i:J:.:.C:l :tii/CQ.Sir.C. ~:.ad to t:O.. 
2·il:~· tc..il;d.•~ -..'"i.th a ;p-L"lcl• sa 

"'t t~-.ll.~ l.o.."'r end ~ GZ! l~'X!t. 

.., 

.. 

31.0 

';.-

.. 

f..- ~-. 

~ 

•· .. 



~ tate...~: 

Oru.vel, ~", l!t;ht ~­
'l'!le ~ e:.nd se.ud ea.Ulis-t. 
tf!O 1 ~ of p\.C.i. ~ • • • • • • • .. • .. • • • .. • • • • • • • • • • • • • .. • • • • •••••• 

Z3l . .de7"a. nn: 
Silt, cl.a:leY to clay, tll.l ty, 

d:i.ata:s:l:Joa..tG1 ol.i ve; Vi t.h 
tr8oes 'Of fir:lle! ~'Ve.l. • • • • • • • • • • .. • • • • • • • • • • • • • • • .. • • • •• 

~~ llWlt ~J -w"ith ~ 
ea.nd. Zhe r;ra.vW. eorasiS"!;s 
mi.nl.y of p\niee o...'1i.t 2"-.d.oeou.s 
sl,a.as. ~..Je sa...Ad. is :A::deeov.s 
~~ q'.!L.""tZ1 and sa,..,..1 (~ ne. 
l!:e...-e ap-~t.l.,y is sc:ce &:J. ~ 
CG:iN~ of' tine t).ass:r· dearis. 
'\&~-~ ......................................... . 

C!'avel, ~ to all ty', llGL-rt O""QY 
to o:«Y. ~ ~ consird of 
.r;umice and rbyoll te. T!X'!' sand 
is ;?...Eiccoua £~, 3Bniili.llE!, 
~~ cad ol:cl.d:uw.. :;m , ..• u. 
is at least al.1.87tUy au ty. 
!..;... .. ,....... ,. ......... -: ..... -"'4\,6o"""' ...... -~ ""-"!W •••••••• It ...................................... . 

era~, SOol~', li:;!lt i7U-Y. ':.:Ae 
~ro:t cor.:.s:Ls~ :£.:.::.1;,~ or ·)~.:.iero. 
~ ~~:'~'!CCC£B ~. ~j;z sa;'it 
is ~oeou.s c:J..a.n&, ~li~lC', 

Co.s.lJ.le ~= 
,j .. i~ te;! :;""·~. cu:: :.::"'.~; ~~·r~::1 w ,. ..... :: !~J':::·:.... • 
2-.i,..;~-~ t\._:.._.ri~.l.;~ ~..:_ t,.!; C. ;..;._~ .. ~!.l.C.... [~:.,.:·~~ ·.-C-It, 

~ t.:-e l.~~."t!: ~lc! ~cc ... ·.,~ ;._-·(>::·L. 
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rra:1 To 
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J~ t.i tu.(jc' [~.mO. tr...:"fi;;;.Ce , .:. , s: so 
~ d.c:pt.h, ~ .re.-e t. 

:..~:--t., 1 c·j C:r U!:~-lcr- !.'l:'illir.:~ ~~ 

'-';;.."! 'ter..L 7 f',J,n : 
~l:~vel, ~t L'n.\)'. Zhe 

ir.d.i. v.:.e..& .r;ioce& a.""e 
rn!rJ;y llc~at ~· ~tr!ce, 
but so:;~ ::...~ obs l. ~ 1 o.n ar'.r.Ci. 
SCbl L""C ~).1> 1 -l~' £,J.a,~~· 

r~-'Ol.it;e, •• ..... " ..................... " •••••••••••••.•••.•• 

~1 d.~ra rill: 
C...""'i!vel. cr ~~'l"tlelas"":.ic <leoris, 

v!1ite to .l.i(;ht bot~'. l"iJe 
l!nter!als are es.aential.ly 
all lf~ te 'to ~_;ht ~ 
r:: z.1! ce '\."'! th ar.x:c rrw:e.- DOO. 
s:!.l. -~c.! ze Ce 'briG • • • • • • • • • • • • • . • , • , • . . • • • • • • • • • • . • , • • 
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Alti t-.ldel [~ m...-ta.ce, s ,9)0 
-r·O""~ depth, 4ro feet 

!':.!'~ ~,· :::-ez.:·~ L'r:i 3 1 1 ~~ Ccr:.,.:~' 

'i"-nte--oa...7 !un: 
Co'mvel., liGht tnlY. The 

i.:ld.i vidual Fieoes ere 
~dee and ~i"',,Y 
t~· r!lyolite. Sea! 
aa.tid.1 chie!l.J p;.rmi.C!$0US 
t;l.a.Ds, and some aut, 
ca.:pcscd or~· debris, 
a.l.:SCi a..~ p:'e.aeD.t • ...................................... 

~ra ~ill: 
Cravel or ~"l"'el.:.u;tic O:nbris, 

ll~:=t ;.,..ora.;,·. ':'be tn."ter:i.B..l.& 
8l"'e p;.:nice, '!,'Ur<1 eeo'.lS ~s 1 

arMl .l~l .• ··t 1 n 1 J:: Gl£J.stF,f ril,;)"C4.i te • 
Sot::e ~ a.ad cU·:O.-ci2'P- ;.'~!ri"' .itic 
Oebri£ i~ pre~t •.•......•.......•..........•.••..... 

184 
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rra:::. To 
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"\U&t.e.rna.ry :tUn: 

IU. t..i t ~ 1 O,"'''w.ril. s;.u-l'ace 1 :.:.. , 5'?5 
1:-ot:a.l Oe:rf"~, ·.,_,OC feet 

I.tt--!.J...l.e.i n~~ t.t;.,ci:. ~ :1:r·~ ~ , ~ 't ;..::_· ~~~--~ 

Gro.vol, ~ to silty, l~t :~~. Tile 
~terw .s a.~ p:..m~~s r:lAas, pa.r-"...:i.e.l.J.;'l· 
~ .... ::. ... r;.::-cl.i1#e~ &:lCt oO£.::.ll.l.~.;. .......................... . 

~ f".:..ll: 
S:t l t, c: a;:rc;;;" 1 

'·. CJ...:... \."e.- ....................... . 

C' .:U"lCl.,t ~ 1 li£1-""t (':El\/ • :~~ f'-l:Je 
to rodium ~""'avel ill ~ acxJ.y or 
purdoe &.'1d p'i&i.ceou.s c,lc.ss. r.:".:1e sa..~ 
is !f~::::doeo-..:.s ()..ass, ~z e.;ld 
tlfcie.i."'le • lJa+..er bee...-· :rl.:"' ------ ..... ::lit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Silt I cJ n~-ey I clie.~;.;;s o::.i ve. :·:~"'e 
is SCCI! sn .. "!d a.::XJ. !"i.l:i.e c.::ra.VC.:. c--..Jq.~sod 
m,1 ~· ot: ;;uz:doo a.od p>..ll.':!1ce~s ~ •••••••••••••••••• 

Gravel, ~~ lihito to l.1eht ~- ~ 
cnne.l a...'ld aaod are canpoaed r~ or 
pumice a.~~:: ::Y> ~ cta&a· Water-
~....l"=;;t· ~- ~ ..... "' ......................................... . 

.:..~val., ~~·~ ~t t;.;:"..;t. ~:.e ~;:u:vul ia 
CQ'Uq)Osed of plWOIJ and ~iflll.:.; t.:la.ato· 
&""QJ..ite. :lle sa.'ld -:.s rE-i ;·1~ ;.>,;;:..i~ 
s..: ·i(, JJU~JiC~eaua t:).a.Gs. fiute:r-·~-~ i.:-:..- •••• __ .___.,; 

. "'.,..r· ..... •• 
,.,.,_:,.,._. --

~-:.-:":,- ~ 

~-- ........... 
~t>t'fllo -·-

....... 

.:s r.i.re~:r!;, ................ . 
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iiar¥!elier tuft, Ttili.rei)! ~·be:; 
!~I ~~ .l.&'w:lLCer•[,;..'""!;,~; • • ............................ II' 

Ia."'ll:~.Lier tu.""r, :.;;....,.-1".ffe...-enti&~: 
~,:-;,:_f'f, ptmliccou.a. l.!..s:nt c:."'t:\.'1>· 

'to. btr;f1' • 'to a • e "' ••• ll> • • • • • • • • • • • ~ • -*- .. It • a. • ••••••••••• 11 • to • • II .. 

'.:'sc!~ l.co::;a, .:_-:.ro-..;_~-, u:Kl.L.~e..""C!!t.:IA'tA."<!. ·. ;,.;ti. i.. : 
:.atitel ~~· to z:.r.wis.::. ~~ 

Vi t:l caos~i c-J:t!UB :p!::eo .. roe.:•ysts or 
:pls.ci.ocl.:l.se as r.;~eb e.e 1 ..!.acll 
!.c>~~ a..~ ~m;y ~r:sts o.!' 
f;;-:.~.e:.-e, biotite, w:ld !l::...~cibl..e.;.:dc •••••••••••••••••• 

~/.;~ ..... .;:. lAt:.:.te, ~~ ~.:.~· ro pn.J*"' 
.; d.:..-~i..~ t~· 1 "~.rl t.b C"'Vl,;.,SpiC:.:.OU 

.!.·:x~ ... ~.oe::r~.s or .L'l&r.:.,:i~ a.a uuch ns 
~: -1::le!l l.occ and a:e.:u to 'ti.."'\)' ~.:»­
ceysts o!" ~~, biotite, bor=.1::J.cl~ 1 
~ ro"J>~~ ........................................... . 

186 

.... 

~::~~ 

(f~t) 
r-:ra:: '.:.'\:: 

0 P;.·~, 

I I 

---~ 

..,, - -



3ale ll 17, Valle de los ?ooos 

Altit>.:ldo, ;:,.~~ suti'w:le, ~;-/2;._7 
~ del;t.n, 493 f-eet 

::T .llle\1 'b:r ... ~=~~~r :rri..:.:.~-· ~~~;\· 

Qua~ fan: 
G..""'.vel.1 ~, (.~led c! pieem; 

of ~~ t'ui}f' • • • • .. • • • ... • • • • • • • • • • • • • • • • • • • • • • .. .. • • ... ..... 

!L'1Cif' 1 ier t'~ 1 '!.'a!li.-"'eO' .,;;er: 
>J;~f 1 ~'i...~ pc.l.e lcrvendnr 
~~: • ...................................... 9 ............... . 

Ba...~1£!i icr t~('f'{ 'l); 
'l'uf'f I ~I b~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • , 

'!'u:ff 1 ~ceous, li~t ~· 
to i:e.le bt;.f'f, c~ 
t:!"'J..Os o:r la.t.1'W.c cw..il 
r~'·.ol.i tic dell....--1.& .................... ,. •••••••••• • • • • • • • • 

:·&e:;~;i.ca;.n C.~P, ~t'm:•ar.rt:; Ated ur.i~; 
l.atite, ~~ v.f.ta ccms;d~ 
~tao£~u 
.::zucb ... ~ ... inch l.alt; and ti.n,y 
~st.s of ~, biotite, 
at1S!. lltlnlble:xlc • • • • • • .. • • • • • • • • ... • • • • • • • • • • • • • • • • • • • • • • .. • 
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Al.ti tude, fl'O'.:nd ~' '[ ,17-.i 
"1\:r'"..a.l depth., 2,C1JJ S."-oot 

.Dr:t11ed by Jcnr..i.."lS !)rC.l.l~ C<r.t:"'!WlY 

~ter.JAry· all:..'1."iu::.: 
Gra.'Vel ana sw:ld, ~T. 'Zbe 

tr"vel. is tim to cce.rse &:ld 
a cc:x;?O:ni or 1lieces or lstl te 
po.~ a.."ld vel.ded. tu:rf. 'i'"ne 
sa:ld is c:ca..~ a.::;;'! car.::pcse<! of 
cr-.r~ mn CTJ<T..nl. ~'"lts 
or ~lS...""t£ e..ld enui~. A ~ 
or pe....-c."-led wter occu.t"G bet"~ 
14 &!lCl. z-t feet ................................... . 

ta.'ldclle.r turf 1 Ts!lire ~ mer.iber: 
IJ:"4'! 1 J..a\~-~ 1 !lOn,POrOUS, 

~le.e-d ••••• - .............................. 4 ••••••••••••• 

'!'U!'i', as abo~, l:r..tt ~t 
leso ~end finely porous •.••••••••••••••••••••••• 

'attt( t ) • !.ale canta.in8 J:1UCb. 
reddish to ~"'"1", ~ 
to silty debria; &nd ~.m&l.nt 
~a or o'Oaid.l.zw, f)a&ay 
~~te, ~ latito ••••••••.••••••••••••••••• ~······· 

3o.:iic:·"? icr t;.J.!'f 1 CiANl. ::·.ar•i.:.~r: 

::..'\.:.i'r, hit.:::.l~, P'~CJJ"wr., :.~ 
~-o; 'f~~~ •••••••• • •••••••• e ............... e •••••• 4 • & •• .._ ....... II 

r;:..;~;::;.licr t·-.rrr, ::~-~ U3::,1.~r : 
,.··.._.~~~L{!C; .... ~.._·;..;.. -A:J ~:. l.~.;.c~#£, ~~ ·~~...;~.., ~ 

........ rv­-...·-- .... ·· 

~- i>:~ ft:t_;:.. ••• " .......... ~ •••••••••• ~ 

.l88 

c 

1;0 

l;o 

' .. ,. 
• . ..!..) 

-·t-, 
- : l. 



Tschlcxxua ~7 ~~ a.aocs::.t.e :JZ;;it: 
~to, ~l·~ ~Y; with e. :rev t~, 

,P!:slOCI'".fGta or ~., as ~!c!:l 
c.s l/ 3-ine .. i1 la:t,:1 a:li!. ;~~, as 
llii.ich u lJJ..v-~ l.wtl, i!! a ~s.Y 
~ ~ c£ Wioh iG ~!..J:Jcl:y 
~--eaic:~ ..•. ........................................... 

~te. FAW;i; ~ to t ..... ~·; Vitb. 
~-sts a.a fra:i 472 to 5411 

ill n firJG·~:>d ~.:;r.!~nns.a of 
placioclane cod~~~ •••••••••••••••••••••••••••••• 

And.eaite, ~'1.® ;rur-J?Il.O, ot;Je..-....-.tse 
identical. vlb crrer- 8.:\d wlf ....... rl.:\t';,:S 
l."''C!:.. ~ probe.:,~- ;;.s tl:~ 'tc..?s · 
of~~ u.~~~ ::~w ............................... 6 

b1.~:llte, ~-~ ,...tt.."l a. f:e• tiny 
:?lelOCT'.;sts a£ ~ a..'"ld 
l':i""!'•;::c:I'"-Ue ;,:~ tc l/~'-•lnc.!l l.cnc 
1n a riDe-~runed ~ or 
~ .a:.ad .P.Y~ ................................ . 

Anaeai te 1 reddi.ab. browtl, finely 
ve=:ieuln.:--otllel'vise i<ier:.ti.QQ.l 
\."i tb r.nterio.l !'1"Ct1 7l5 tc. f}l~ 
;l..~ t:.~e z:::a:.e :i."e.:;:~--esemts t.~le ~ 
~or~ ~.rl)~ ~ .•...•.••••..•..• , .••••..••. 

~,_~-c cou.:_::l.a~ra.te : 
Co:.:l~~-w, c;;.~· to b!"'' .. .r~. :-~ 

zo:"~C ls e<::z.:·:;_X>£!(lii of 3.:l,:::-~ to 
.rT.l~'\:.'7~ .. .;:·:-:"15.-vc:_ X~ ~~G 
m t~ o~r c.e:: 1C x: .. ~ c::.l t • ~?a.!e 

:.~·:."'"~l/e:._ f-1~.:.£..~ .. ·t~-~:~-.J.~~~-:~.:"' b.~.~~CEI :::_ ""e 

~~ .... A..:·5-·~\.4 c:· .a.:::..~:'"~-~~~~~:_'-~~ .:..~/,.-~: ~ 

.; t·· ~-,. f 'f"' 
~-k- ...... -·..4,. ••••• , ... , ••••••• ~ ..... 
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r 

" 

~oo~ Gl"'4'?1 und.ii"!"erentia.tcd. vnit.: 
~-tc letite, llt..~t ~ to £,..~; Vit!l 
~ielous pha!nocrJS"'~ ot' p.L-;.;,;.l.oe.l&:R, as 
mu.ch c.a k-i.."tch c.croBS, aai lens ~)icr~ 
pbel~'Vt.B ot ~~le in a t.~ 
~;)XIlJ:.~ taa.t ~1e;; t.o p;.tr"..iCOOUS ~s •.••••••••• ~ • ~,210 

~a.-t~ lA'titol fil'Oi:! to~~; Vith 
~'lieua..m phanocr;rsta of :A;~, 
as. Wcll u l•ilioeh eerou, and less con­
e:Acuous ~~"ntli of :p;;:-omne, ~~ 
biO'ti·te-, a.rd. ~~z. ............... ,............................ l,M 

1'otev:t len::.ll or ~ cor~""U.te: 
~tQ, ;;r:o:.l, ~..;;. ;;ninly or pebbles 

o-r qilEJ,.,. ~zi. te: • • . • • • • • • • • • • ... _. .. • • • • • • • • .. • • • - • .. • ... • • • .... • .. • .. • l 1 4<Jo: 

. 'Z~oa:a CI"''UJ?.. u:.lf'..i.t'te:rcntiat;e(;. "l.i 'it: 
Ql.arts la-~te, lt:.vendor ~'to pu...~sll ~; 

with eal.I'.S',Pieuout~ ~-.rtrt..s at ~ocla.ae 
m1d l"atber illoalspicuoua ~t.s a: 
~-~~ .. biotite and~··············· l,49Q 

:;.;;;--r brecci::l., ll;;;r;.; .;....~· to vc..-:,· 1lG.le !£vc:ldo: 
L.:::U:r, l.:lt.:. tic. Z:c zone is ~X!se~ o!' CC:J.orless 
'.;:.~ ~'t'.i tiS,::. _:r..n:ieev~ i.::l.G.3B a.nZ. ~.;l.a.r f~· 
··c~!w:; 0:. :..::::~'t c:.~: toO ~t lo.~ .. -u::.c.cr ~'U.,J·, 
"''!""\ -:: .~...t'l.-.--t 
..:.w...-i.-o4._~....,~-

:~1C-.~"tf--2'~ 
:-l:.~~;'~:~ 

J..s,-~;-~c -.. ,,1· :rtt·~ r.~~-"'T'ice cc~ie~~~ 

..., :_ ~~--~·~1<.-j+~~ 1 r.M·,;~ ::.:~CC...T'}C~JiC:~.;.G 

· ,~ ~.~.tl..~~z,. c.::~ c. ::0v ~~:~~~ :.::~!r~~~ .• 
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Dwvlelier tuf'f, Ct.owi T8'!ll.r: 
T\.t.~, h!~· ~coer~, z-:e.le ~~ ........................ . 

:iawleJ i cr tu...""i", Gu!tje ne;;.Ver: 
?l.:a:l:.i.cc, Wite, in l t.:i"'\iiio& 8oiW ;;,~ a.o 

l-inCh in d!a=eter •••••••••••••••••••••••••••••••••••• 

Daal.t., fir.c-to ~u:r.-~~, tiarlt 
~·; Vi't~ ...-.all to :Lar~ .ri::eno­
CI~''St.a of ol.h"ine • 1':. J..owe:- 5\J 
feet is b.."""eCCi&. ':his :m.ea.lt i.:le~ to 
't:liEt ~ ~ -~u t •.••.......•.....•.....••.•...•.•.... 

~ 

~te: 
Conf,;.l.mer'.a.te, si.lt:;r, ~· ~or~ 

t.o Bl~ot:";;:J..a..,.. f':ra.LT.:t::nts ot :!A ti tie ~:s 
~ ~t ............................................ . 

Daall. t, ctl(\eai tic 1 fiDe-to 11.edium· 
~~ medium to &lJ:ok ~·. Tltis 
be.snlt correlated ld.th Ttc.""b-4 ~ lJll!t .................. . 

::.U"'.:.cr."'lw zc:tle CU1SiS"iliJ.L. of ~-·:.""..r 
:t:~ltlt of bw!lal.t ~ ~ ai.lt. 
Z<::l:::e' of !)e...~ '\Ill~ ••••••••••••••••••••••••••••••••• 

3a.!.lC.l. t, c."l<lesi tie 1 as f'rar ;.:r · to ~ 
aztd. ~-v-~latec. Vi t!1 T(t~t· r.n;.~ t::.ti t ...••....••.. ~ . 

4t 

~~!"'&tc 1 c_:re..y. T:r ~o::.:e !.£' 
cx~~oc-2. ~~::~· c.!' :;,;-1>.~·~: .. ..-,~ ,,.,. 

,, 
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Bo.eaJ.t.. nudeSl..'t;l.Ct ve..~· !'ioo·~~:led 
cui ~-tial.l,y (.l.a.esy, WLeul..a: • 
'bl.aek. ~ O.w, tentatively 
co...'"rel.a.ted 'flit."! the ~4 ~.? unit., 
oo:lta.ins i:l.Co..,or&tad l4bblea ot 
latite ~ quort: latite ••••••••••.••••••••••••••••••• 

~~!lentil (of P...zye ~); 
Coot~te, ~ to s.Ut:r, l."i~1 

sa:10 cl.a;i. The coarse &:izes tW"e 
liGinly suhrow:ldod pebbles of q..a..-t• 
r.ite a..."ld cram tie roe?..s. ·~ tand 
iG u.:-1;ocic. Sa;;e piru: ~ OCC'llr'G 

t:.!J:oo-~ too beds. \Jater c..:~u::tcret! 
&t 0~5 fE!Ot • ........................................... 

casi.!te :record: 
l.0•1nch O. D. caa2 DC to 52 :eat. 
l2·inch I;J). ca.s.1nt to 24J. feet. 
8-inch I.D. CASinG to GZ( i"eet. 

l.O teet or 6-inch ~ vith lO feet or 
G-ineh blAzll: esa1n.c &t ~end frtc 
/~ to 642 feet. 

:Jept..'l 
(feet) 

I'rart To 
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1'&b1e 4.-Loga cf well& and test bol.ea. 

~teruar.Y ~= 

Bole 'r 2, Pueblo ~ 
IiZ~ Sec. 141 ~. ~9 U. 1 ?.. 6 .£. 

Altitude, ~ ~ .. 6,646 
~ d.e:?t.t., TJ-J rect 

Dr....ll.ed b:: :.c.;::ne-~"'eatcm ~ 

Gra.vcl.1 ~to ail.ty, ~· The c.l'avel ia 
f1ne to coo...~ mx1 ~ c4 :pieces of 
quartz l.at1tc and ~te tutt. 7·-e f'ir.e 
to coa...-se 8WJ:d ia ea:'IPOsed. 1:~ of crys­
tal.s and C'!:)stQl. ~a af q..a:rtz :md. 
SQi.'JiCine. The a:Ut i.s f"...ue rateriAl. 

derived frac ~~tc ~~·······~···················· 

~ ie tu.""f', otowi 13e11iber: 
'l'u:rt, 1:..1~ .. put.:Lceoua, IDle bu..."'"!'. ~ 

a r~ ~ta of fine•vut:nl l..i.,(;l'lt t,...~r 
r!t.~~- ............................................. . 

1Wx:la 11er t-~, 0'-ua.Jo lllf!!ir.ber: 
.?:..ci.cc, vhi te, ill ~tll'q)S as muc:h as l 1nc.h 

.&c.""""'C>SG. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

~'8~: 
~~ .xt;y, ~· Tbe ~ a1zes1 

~ tran f'ir.e to CCil1.1:'8e, are ~ 
m:inl.y ~ cas.raely porphyritic quartz 
l::tite. '.?he sand is J.o;ttt!c debris. Sil.t 
is preseut ~ aace thin aaoe& ••••••••••••••••••••••••• 

~~te, W...'"":f silty, o•a.yi~ u-~. ~, 
~"'Bvel., ~ bot:.l.der sizes a...-e ca::!pOsoC. of 
lntitic debr1a. Zbe ~t tau silt is 
pc..-t~: £l,asaJ· me~ a.l. and c:cnta.ins 
l.1UJ'.JI!l"C1.l!l 1'lA1teG cf_ b1ot!te e:ld BC1t1e IJ'!·l"t1J 
.... ? .... -,.,., o.,.. ,..., .... ""_.,.,':' "h_.__..~ .. ,.,.. '"'"'.., .... ..r ... ,- ""Jl.:""''i..,...,..., 
J.·'.,;.,t,.;.;.lw,..~.- -. ..-....v"'---'..;.,,._,1 -.;..t..vw•~·~ ..... ~ ~; ' L.o"...:e • • • • • • •. • • • • 

~J.aJC.r"'..;.·;:;.e, ~li:'.;..-, ~ . .!-av·. :2".;.zc ~~ .. .il.l.l£ w-e 
lc.titic debris, Ul."'"l•di!~ s::r.:e "oictite­
oou_:t~ :;} .. c.'!icc.. ::~~~r-:: ~~r p~!S(!.;:tt, in 
U.s Z.OllC ............................................. . 

Cc::~:lc:t:e'!'!l.t(; 1 ve:::"J ~_J. t:• I £:~iJ::l': b-...tf!'1 ~ 
~ :C) w llC ........................................ . 

De:t+~ 
(feet) 

Tra:l To 

0 ll 

ll 

l03 

-, ., 
.....,_,; 

., - .. 
-!..) 

-· 



!~te ~~t.c--=out'C. 
Car~te, IIEindy to sUty, ~·. 

TlJC :one is ~~sed ~4 ce e.llt~ 
to s;;.~~""Ul.&r o;"Uvel w.lli ba -.3 dcrs vS.th 
lell!m" G!lOlL"'t8 ot s:md and. &dlt. :sow­
ever 1 scm: tt>..in beds c...""f! lai[;;u,y Gil ty 
a.:ld l.~ '-;e t;nt t'raz! l.O;I t.o llO. ~ 
crave1 ~ bouJ..d.c:r n:es u.rc ca:.t:ceed o:: 
l.&t.i tic 1"'Cks-. ·~ aa:.li.i. s:x1 s!.l t are 
i'ine lati tic deb..""is, 1n 1-n...""'t pu.rtially 
~ ::a,"'te-~ ••••••••••••••••••••••••••••••••••••••• 

:':.%!:icc 1 Wite to ll~ g:~r 1 Vi~ ESQ;e 

~ aues ~JOSed or lo.titic 
~'r.>·· !'be p!Jl:lce, vitb. ~·sts 
of bioti'tle1 ;r.1.at.::ioc,NJ", azld qu&..-tz is 
by !'C;r t:~ ~ cc:cstit';czt of t.lo,te :zn.tt 
c.nd occurs .:U! luQS a.s r~ a.s 1-1.::-.c~-. 

ae..""'Ss. ~ latitic ~ oceurs i!l 
nr.:De q;..entit~e tl~ web at tJ:le u.'"lit,. 
nl¥1 ill oa.x ·.;..;.in beda it is o.s mmiln:lt 
as the ::puc:1.c:e • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Totav.!. lentil (or~~ .;.;~~~3la:emte): 
~~, 1.f8C;:.,;;.r1 vith a t.-e.c:e of s.D.<c, 
t~. '!!le ~ to eca.rse b-'"tlvel ia 
~at~to::.~ 
~ ot quart~ quartzite, ~te 
pe;::natite, f~, a.nd volcnnie roeks 
f'o..:'t'!!iOl w t:"'JC &..""CE!.. Tbe aa.."111 is s:ub­
=0~" a.r tc Z:~b;roourA..,"'t!, ~"'"!.S C! '!~~Z~ 
cc.lorlcsc to :;i...-2~~ f~lc~;e.r: c;;~ 
c.~lccG.c:.~e s.U..:~. :rc.tc:· -:l~tc!'CC.. 
at '{~:5 f'CC't .............................. ,. ••••• ,. ......... . 

:.~e:c.;rr2. ~ 
:!..,~~~-- i.."le~ c.::. 

8.-i.r~~ 
.:.: :tc~~ 

,. -·--·-· -..... · 

• 
• 
• 

C&~~.: 
ce.c:L:.~ 
C£itSi .. ~.l:_ 
c..;.s·:" -4-

i.;.o 57 i.te<:~. 

to 1 :-:"·" ~-~'t. -.- i 

·U; :;l..,: "·~~·~·:.. ...... ~, .... ..., . 
~v ' I f <.7::-:.. ' 

i-· 
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!•- -



BattdeJ i er tu:f't 1 C"t.aw'"i -r'f3'1!11Qr: 

Tu.:f'!, l~ ~~~ r*'J.e ~~; 'l:!~l 
t."~CDe s::all ~~;;x.:mts or l:i.t.l te a.t1l! 
r~f'cli 'te .................... • • • • • • • • • • • • • .... • • • • • • · • • • • • • 

3e.."1deller t".::f!', t\:aje z:eml=«r: 
?..z."dce1 Whl.te to 11:-:):t ~~ i:l J.~,;s 
as~ as l iocb ~a •....••.•.........•..•.. 

~~: 
~te, aa.ody to tiilty, f;~· The 
~~ crawl is o~ z::r.lLw 
a! pieces of la.ti tic ~~:::t"r:t 1 but tbe:-e 
al"'t: t...""aCes of lat1 'tic ;r...'lt.\.i.ce a.:.1d t;~' 
~~ ::.au tt:l. ~~ sand ca:lta.i.ns too 
:zn;-o;e ::.a.tcri.c.ls as tn..•· ~V""..!l.. ~ a.:J.t, 
cons.piCiJOUS 1n a rev tbin beds, i.a 
~wtSoJly (laaQr debria •••••••••••••••••.••••••••••••• 

r.c.:clt1 a.ntlesit1c1 fine-to uxllum~, 
medi\1:1. r:;ro;y • ~8 :f.'l.ov COl"'l'elated with 
't-":e' ~ ' tllilp tJ...,i t . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . .. . . . . . . . . 

't 

sat ...................................... . 

::c.."';,;;.·, t, e.;:~z.i-;;::.e, ~ f::o;;. ;:::_ .... w :;.,;::t ~ 
c:~~ ... ~~ ..... -.;...-~1 ~ ~~,.A..i .:~~j ·~-~;;, •.•....•••........... .. ~ 

;.._:·:.c:.x~.c __ c:~~V~"S :~~J.C:::r:,cz:. g;_~~ 

¥ .J~ .. ~...:. :.A!.~~oc~ 1 :..;, J;.... ·aJl.;t~ -r~ .• 

~£;;\;!;.. vf t. X' W ..;_ t I ~ i';u: j ~ 'tN -;_,;) ;.• 

;;.:>.; is ro:..~£)::.1..:.' eq,al.l i.r1 n:.:::Y;:..:!t t.c t:.:e 

-·· ~ 4 ~....l···- ., ............. . 
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.?\.v'\: co~:"'.te--Cont 'd 
Coo.[;l.cce...'"'ate1 ~ .. to silty, ~-a.j'. C.-a-vel 

atW. bould.er si~G &.""e ca=poD~o..~ of :lll.titic 
~. ~ SWJd. i:;; cr.w.rtz, ~iC"'...la.sc, 
and letitie de:ris. The srJ.t u par-
tially ~T =a~~•••••••••••••~•••••••••••••••••• 

~..flV'i lentil (or :Puye COOGlcr::e:-ate) : 
~~te 1 sa,:-.dy to GJ.lty 1 \ti.1:.,."l 8Cme clay 1 

~. The (;t'O.wl sizes, as uu.cll aa 3 
me..~ ill dim:Jeter 1 consist chiefly or 
c.ili~ to .rou...~ ?ieees ot: qua...-tz1 q'..la--t­
zitc1 ~tic l!'OCks, &ld w"'lca,..ic rocks 
foreisn to t:':le a..,.... The rand is a.r!:Dsic. 
Sane ~; ~ is irreGUJ,&~·ly distributed 
in the beds. ~ter encounte..~ at T)O 
feet .•......••......•..•....•....••....•..•.......•.•.. 

~;,;.;.record; 

lC·i."lCh O.D. sa..~ce czsinc: ~ ;:3 feet. 
W-ir~!l I.D. cs.sin.::; to ,lU. feet. 
l.O f'ect or ~ se:reen set ~ 805 aud 

0.!.5 :teet. 

195 

De'P~ 
(f~t) 

F'rall To 

755 

753 



~ 1+.-~-s of 'Wells and teat holes. 
Role T 4, Pa.jarito Plateau 

BZs. See. 91 T. 19 E., f,. 6 E. 
Al t1 ~de 1 c.rv~rrl s..u-rs..ce, 7,24 3 

'l."otal depth., l,ro5 feet 
t-r!.lled cy Lc.;:,-:-..e-~'Cste.-n ca:.~ 

Ba.."'li!elie:' t-..:!'f, Tclli.re.:;c ~: 
'l.'u.....~, \i'el.d.ed .. li~:ht to red..i:uz:: b~ ........ • • •• • • • • • • • • • • • • • 

Trd'f, pur:.iooo-.:.s, b'..<f'f1 v:!.t:J. s:x:~e f'r"-:::;nents 
or latite ~~ li~t ~ r~~o~ite •.•••..•.••....•....• 

il.a:-.~de1 iez- 't1.l.!'f 1 {r-..m,"'i IOOi·bcr ~ 
l•:.:::ff 1 r..i~ puc! ce~ 1 :pa.le buff' • • • • • • • • • • • • • • • • • • • • • • • 

hn:~er 'b.;....4'f, Co..u:.je ~=-: 
?\.m:ice I llj!t v:u:/ 1 in lUO!;;'S S.S ~ 

as 2 itl:::.:.~ m di.ar.le't:!r ••• " • • • • • • ••••••••••••••••••••• 

:,~ue ~te: 

Cont:l.a..'le:ra.te, crny. '::"'he unit is ~oscC.. 
o!' t. .... --a.vel a.nd ·001.Udc.r·s oi' coru::picw..ull,;y 
p..-o;.~Tit1c qua.:.-t2: latite ......•......•.••..........•. 

Tschicoma crcr.~: 
Qua.rtz 3£. . :.te • CCilG,picu.(':,:.c;.::..:.r lXJ--p~:ri tic, 

laventk:r ~. This flc--i.~ ca.. "'Ties 
~~.ncry-stc c!' ~oc.l.:l.sc ~.inc to 
~--1n~~~ acr~ss and amll phenocrysts 
o!' q;;;:.:_ -tz~ au;-_.;:. t.e; a.:lC. :-t:so::r-..cl bioti t.e 
~ 1b"1~.b~~Q ............................................... . 

t:'ltA!"tz lntl te, eone:-,::!.c-Clc-~~~· l:'>C!"";.l:rftl tie, 
ro·1d::s.') b!"\'..'W'l.l. !:.U.s flo:J,· cwnes li:le~· 
c:r:"rts c:Gre.-rt~· c.:; the flmr al"lC"..rc 
t.:.o~~: no P.; • ..:it~ \\US ~'tCfl a.n:t tt.:e 
biotl te t'..:.1d r.;et":l't:le;.;;Ce n::-:·-c..!"'J.l~-' arc 
lc:&s re-ao~l.:red ......................... , .................. . 

· ~~ ... :.: .. t.le: :x~~.~,:!~. , ::..:"o;.::.._... ·:~E ~-~-~cr:~~;...... \ '!""" 
i>~r;.:;.:_ -O:t~::i.U Ci ... ~ f.l~~.r ;;;..."x.fVt; • :4::!.:.C!' 

:rec~t ........ . ..... ~ ....... " ........ . 

l-96 
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• 
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(3aterna.ry a.ll\..-vi'Ut'l.: 

Bole ~ 51 P&Ja.rito Canyon 
Altitude, t;rOU-."ld surface, -:..~592 

Total dt!r,th, 263 feet 
Drilled by Je.rd'"..i!lS Drill.L"l(; C~r 

rla..."ld a.'ld t;ravcl., sU ty 1 ~c. Tl'~ t.iedi "tZl 

to cca.~ sand is ca..""?Osed of c;..:artz 
end sa.nidine. T~ fine to L1ed.i1.::. ~vel 
is ~ oi" l.&titic roci;;s G..."ld. wl.ded 
'tct"!". T!le silt ~ fine debris aeM.ved 
~ t"'..:tff • • • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • t • • • • • 

l!.a.ndcJ.ier ~..tff, 'l'ahi..""e~ ~'ber: 
Tuft, puciceous, CL~~~r ........................... . 

l)l.ndclier ttztt 1 otowi member: 
Tuf!, hizhly y~ceous, pale ~~-r ...................... . 

!:ll..l.cll 0..6 1 1!\Ch BC:l'"OSS ••••••••••••••••••••••••••••••••• 

'Be.sal.t1 a.."ldesit1e1 :fine-to med:ium-~1 dark gay 
vitb ti.n;y phelloccystG of o1.ivine1 pyroxene, 
awd pJ..ac!oclase. An interrl.ow zone p1-esent 
o.t 2ro f'eet. T:'lese t"lows bel.ons to TQb4 .r.a~ 
l..ttlit. " ................................................. . 

c.r.s1 ~ record: 
24-inc!l 0 .'!>. ourfaee c::as:tnc to 22 feet. 

Depth 
(.feet) 

Froo;. To 

,.., 23 '-' 

"):.I' ....-;; lN 

40 l.50 

150 111 

171 



!:ole T 6 ~ .?a.ja.ri to Cwzyan 
/.J..titude, ~'"OU.!'Jd ~"'"fo.ee, 6, 10) 

Totc.l dept!11 30:> teet 
Drilled b".; Jell:.ins Drill.i."lC ~ 

Bl.."ld a.."ld c;ravel 1 s.ll ty 1 ~t. The fine to 
eoa.l'Se StU".d is ~...ed of c;~~:. and so.n.i· 
dine. ~e :fiue to coo.rcc (.;!"C.vcl 1s 
~ or l&t1 tic l~oc::-:s e...-xl welded t-..tf'f. 
':.be silt ic fine debris 6.eri~ t'rar. 
~ ~ ........................ '\. ................... . 

Bs.nde11er tuff', Tn,i reee ~: 
m. ... · ··-.... , -l-....,.,~ ~·..,, '"' •ldc--', u-~t .. .,.,.v .-.u...\., ~.....,;j J:' ...... _.......,. • ;4J,. ~ e:,-,-.., ••••••••••••••• 

Tutr, p~ceoun, o.~D~urt ..••....•..•.•••••.•.•..•... 

la~er tu1T, Ot:Ni ~: 
<:'\. ... ··-, ~.t~~ .......... of,..~·~, ....... ~ ........... ~--
~· u..&. ~'iwiili---.jJ ... ~- Wt;.......i.4,. ••• ••••••••••••••••••••• 

]A."'ldeller ~, O>..m,Je ~: 
Pumiee, vhitc to J.i,z.ht ;;ra.y, 1...n hzmps M 

lZI.\lCll &s l 1ncll &C-~S.Il. .. • • • • • • • • • • • • • • • • • • • • • • • • • •••••• 

?uye~te: 
Co:lGlatlii!!..""B.te 1 gl"B..Y • Tbe C:!'nvel C.."ll. 

t>Ol..J.:'.lers c.re C·:JT.t,;.:!Osee of ~t;i tic 
.J..~..S- ••••••••••••••••••••••• ••••••••••••••••••••••••• 
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Deptl. 
(i'eet) 

fra:l. To 

0 



llole T 7 I Anc!lo CoJJyon 
Altitude, t;rOU:ld su...-fa.cc, G,22:;. 

Total dt::ptt, 55 feet 
nr.r~ b-.; Jcru:ins Dril.li.'l£ Ccnpe.r~· 

Ql.G.te...""nC..""Y Bll.uviunt: 
Sa.!ld. and t:;revel1 r;rcy-. ~.ue medim tc 

cor:....-se s;wd iS CCJ'!'90sed of q~z mld 
se. ... idine. T'.a<e :r1!.te to ced.!::.:r.:. cra.v--1 
is ~or l&titie rocks •••••••••••••••••••••••••• 

l)Q,;:ylel !.er t'..n'!' 1 otowi t'.pnher: f'l'\._,.-, h-! ._ .. ,..,..,,""' ·~ :---= _.... ... , .,...,e ~·-·-.~.~.~.. -~ J.~~~ ~ Ui.W..J.. ••••••••••••••••••••••• 

Und.:i.i"fe.~'1tia:tee. cley: 
~ 1 siJ.t:r, 'bt!rf' 1 •"1 th sa:10 f'n.•a~l'lts or 

lla.BaJ. t . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . .. . . . 4 • • • • • • • • • • • • • 

Do.sa.lt1 audesitic, !'ine·(;'!"'li!X:d, ~J.-i-; c;:o.y, 
lw"itb. fl. !"e-11 t1.::y p!le:~,..sts of" c4.i~...ne 
~ .... JA,:iocJ.e.se. .Bel.~ tc '!'C'o. L7l.'O . . ~-- ~ ~ . 
t::l.l. t . ................................................ . 
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?' ...;,;;'C ~1\)..a~ro.te: 

Yell Cr ~. Ouf4Je ~'On 
S?.~ See. lr, T. 19 ::., 2. 7 r:. 

Altitude, [.'l~.J.tli! ~~~ 5,973 
'l'o~ dapt.!l1 211~ faet. 

~ ...ll..O<.i ·'J':/ ~":Je-lie s<.:.e--..1 1 :a-c. 

Con&l.anerate, so..'ldy to silty i 0:~ • Ti::e 
c;:1lvel ~ ~· are c~ or ;par• 
~Titic lll.t1te. The sa.'ld is q.w:'t%, 
r~ I a:U lcti tie <l::1:x:-ia •••••••••••••••••••••••••• 

~.£\1'1 le:lt.il! 
~..01 ~I ;;ray. ~ .(;'&vel is 

;"'~~tc# ~-:!tic tiQ.~ .... ~.Gl, w·it qua....""'tr.ite. 
~ ie' Sl;!lt.i is .a...~Gic . • . • • . • • • . ... . . .. . ... . . . ................. . 

U:xH~ti:.ted 'll:"..!t1 S:s.t'lta. Fe E.;r'O".J;p: 
Sl."X!:r-...allll, nne-to COD.1"'8e•{;!"A~netl, si+t.y, 

:pinki 8b ~; vith a bed or .Uty cl!Q' 
i":rar:1 115 to ll7. ~ sand is arkosic .•••••.•.••••••.• 

~~ fine-to CQQ.."De-~1 ~'"'8t1e, 
?inl:is.."l Q'C'.Y'• ":.m ::ani !s ~kosie. ~ vt"D.vel 
&i.zco u:..---e 1~*'l-itic .lc.tiioe 1 q·•"l.':tz, q~z1t.c1 
Bed ~eldS,pmr •••••••••••••••••••••••••••••••••••••••••• 

f:lrc.·, sa:~- to a.iltJ ~ ~~ pL.,;.; •••••••••••••••••••••• 

rn:.~~c, fi.')S-,:_=c:.i..'"L-..o., cJ.~_,~>tr,;· ~J.::",itlL: to 
.SC...""l<t" Cl.":.:;t 1 [~"is,;~ :;:izi:.... ~:X! ~~~ i.S 
a.::::-::0. ni c • • • . • .. . . . . • • • • .. • • . . . • . . • . • • . • . • . • . • . . • . . . . . . • • . 

:=::c:~;;.:~<H.r·::l :·:....-re-~:; :·~;±l."'.Z..J• .. -:-;. ... :J.~·.te~J ::.!.::! ~·, 
~-~ii~~ :;·i.:~~. ·..:.~ ou..:ld ::.c ;u·~a.Lc. :.•&tc.r--
~f ··::!'f..l.,.!---~ Y\ ... 
!:::..:~~ • • • • • • • • • • • • • • • • • • - .. • .. • • • • • • • • • • • • • • • ' • • .. • • • • • . 

C:o.:!,_..l.J.r:::tt.{!, sc~-~- t~'i c.:J..t-:.', :·~~.::.i~·l i.~'· 
~~.: .. ·~ ::~::c ~---~1,>tc .. l ic c:_:.Lc.:-~:~ ~ ~~ .. : .. ;. .. ~ :<TS-.. u~~ 
q_;;.,..-t~ 1c.·~:.tc. ~.~:£; GJ.-L i~ c.;.~~~n:c •.••••...... ., .•••.. 

~: ~ ,.:·'-..... ~-:--. 
"'~•w ~ .. ~·· 

-; ~ ~ 

,..--·· 

_,.....,.y ..................................... . 

~·+'· 
(f;;;:) 

:-'l"C:& To 

0 

~{5 

75 

............. .... 

.,;;.... 



~ 4.-r.oo; or wll.G and teat hoJ e&. 

~ere.ntie.tee. mu:t, SD.nta Fe src~··CO!lt '(;.. 
Ocmcla~Tve, ~ to ~·c;.;·, p~s.h i..:"6\:r. 

Tlle !'ine GMJ."vel ia ea;.:~oo-..: 0:: ,POr?t·t,~ tic 
q'.lQ..."'"'CZ latite. J'!'<"'1e Sl.:lCl is v..r~~d.c •••••••••••••• 

~ .. tir>t:•to :::cC.iur.ieof'!'C.il:~, d.lty, 
~~-1~ :pink. ~ s:l.Ud is ar::ms.ic. Z:a.ees 
cf p.;t>doo &.."'e ;-.!"'esa.nt.. l,!ut;e!' -bea:"'..:..:::£j ................ .. 

io _ - 1. ~~ to ~:;:7,_·:~. ..... ..- c, i't··~· 
..,-,..,.. ,.)..i,.~ ~, ~.rJI a.A.&V ~ --...,.T • • • • e • • • • • -e • • e • • • • e • • • • • e a • 

S.l.nd.ctoue, 1'ine•to ccn..""'Ge-~..:., eoa.'"l.Cla:-e!'O.t1c, 
silty 1 ;pinki.s.!l ~r. The sand is a.rl;;osic. 
The f'i!le c:;reveJ. is ~sed c:: vo.lca.r..1c debris. 
\.]ai:e:r -~m- .......................................... . 

S.:alstcue 1 fine-t;..."""C.ineu, si! ty tc cl.!::;.·e-JT 1 
::;.~ :trlnk• The SOl.t1ci. is c.r~;..osic ••••• . . . . . . . . . . . . . .. . . 

~.;cx:o, !"f-!le--;.o ~~-• .:;r-.J.i.ied., il~ty, 
Cl'Q.Yish r..ink. t:rne 8CL:ld is o.rkoaie. ~r -
~ir!f; .................................................. . 

Siltstone sod~~ ~1l~ Pink·········~······••••••••• 

';. ...... :-t"J. ,_...!" ........ ~ 
,;;.t:.~. ~ ... ::.a~ •. " • • • .. • • • • • • • .. • • • .. • • • • • • • • . • • .. • • • • • • • • • • • • • •••• 

.r >"'"?: 

.-,_._ •.. ~ ............... " ........ " 

' .. t; •. , ·-... """' ..... ~ ................... ,. ... . 
- '1"" ... -~ ...... 

~.-, .... ,.- r: . -- .............. - ... 

' ~...' .... ·t. (·.· S:" ,;. -) • • • • • • • • • • .. • • • • • • • .. • • .. • • • ... • • • • • .. • • • • • • .. .. 
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'U.ncll.t"fe.."••en:tiated 'l..i...i.i t 1 f:il.D.t.a I"e L.:r'OL.P·-~ '6.. 
Sil.tr~, ~'e;)· to~,~ 

pilll; .................................................. . 

f'il:le•to coar"'.A'•cruined., sU ty, 
'l'be rand 1& arkosic. 

\:la,~r ..... 'llea....~!l£; ••••• • .............. • ....... • • • • • • • • • • • • • •• 

sa.ndsta:lc, t'i..~to l:edium-~, silty 
to~-, (;ra..)i.sh pink. The awd ia 
arlto81c ............. • •••••••••••••••••••••••••••••••••• 

f'a.'"ld.stace 1 fine-to coarse-crflil'lOd., c;ro.yish 
pink. The sc.n<l i.e arkosic. tJa.ter-

.......... 

~:s .............................................. . 
SUtstaae, t!ADiJ::i to ~ 1 crayish 

~ink. .................................................. . 

Sanl:ls""~, fine-to lnedium-c;:ro..:lned, ~'ish 
?ink• ~ sa.ud is arkosic. ~later -
~illf? ................................................ . 

,ri!Ld:. ................................................... . 

Sa."Xlctane 1 t'i.nc-·::.o coo...-oe-.:::ra.i .. ~, ~·"!s?.l 
:9'!nt.. T'::c sa.:ld i!:i G..l'",:csie. t:a~-
\-...-.ft -4 ,.., '. 
~--:s.··············································· 

p,i. '"~: •••••••••••••••••••••••••••••••••••••••••••••••••• 

~:i:l.st~...e, tire-to ccn:-oo-:~ir.f:J., :_:.:..~-::.zl.:. 
;;~:....,... T~ rol·~ is c,:;: .. 2 .. :.osic. :_·.~_;:..4l~ -

:~et..: .. i:.::.; • • • • • • • • • • • • • • • • • • • • .. • • • •• 41 • • • • • • • • • • • • • • • • .. ••• 

l:Gzt:..lt 1 f"-.!-"le·.:~!r~ec.., L~- tc tiarl: L-~-
t.c· ~::eLls!'! ~~· .................... . 
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l.,liO 

l,UO 

J.,2}1. 

l,M 

1,2:::.0 1,:;':·)0 

1,5~0 



~i&'..OO. uuit, amta. re crou:----cont •d • 
.EG.saJ. t breccia, c;:a:J to pu.rr-~'1. c;r::ty 

'to' ~a!l b.~. • • • • • • • • . • • ............................ . 

Basal~, fino-~,~~~· ..•..••••.•.••••.••.•.... 

!D.SI\l t b2"ecc J.&,, tla;x-'1:,. f;.~'( • • • • • • • • • • ... • • " • • • • • • • • • • • • • • • • • 

Da.saJ..I. ~------.a~~, .. , ....... , ... ._ .... 
t., I • ..a..L.&.:-v ~....,...--., ~ ".t... ~.;...:· • • • • • .,. • • • • • * • .. • • • • " • • • • • • 

~ ••••••••••••••••••••••••••••••••••••••••• It •••••••• 

~.. :r:J..ne-to medium-~ a:ld 
~· cil:tstone, interbc~ded.1 ~-.:!.:l!:t 
~;.i.tot:; \:it!l :&. fev ~ beds or 1±-.t clay. 
The m.."ld !.; e.:ri:o::ie. I'L.-ts or the ~~·11 t 
~ wter~boe..."JiFc,.!! fcllC" ... wi:--

1,840 to 1,]50 
11355 to 11005 
1#8&> to 1,93) 
l "".: . .., to l. a.':lA 

~~-1'.., ..,':;f~· .•..•••.•..••••••. .•.•.....••...•. 
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Depth 
(!eet.) 

?:a:. ~ 

1,51.0 1,7).0 

~.no 1,735 

l,735 1,790 

1,790 1 ..... I" 
,...~ .... .~ 

l,3J.o l,8!C 



Qu.D.te:rno...-y aJ.l.UVil.l.Iil : 
Boulders., cobbles, ~-re.l~ a:xl Sillld. Ti.:te 
~ 1s q..Vl.rt%., i"el.C.s:.JS.r, and .la.ti tic 
clo~.....a. T::x! ex&.-aa'!" si.~ a..,~ pa..~-ritic 
Jat.i~ a.."'ld. q~z. JJ:.U~ .............................. ;a- " •••• • 

Ptcye con;;la:nl""ate: 
~rate 1 t.:.aud~,- to silty 1 o:e::f• T:..-e 

u::-avel. a:oC. cobbles L""'C ~JOood. o!' pot·· 
~"ritic l.a.tit.e a.nU. q.J...~% le.tite. The 
sand is c;p.a..""'tz., 1.'el.ds;a.r~ and lntitic 
dct».:-1&. The silt 1s cla.ct:ry t.o po..rt.ie.l.ly 
G~ t:Jfl,t.e,.~ • • • a • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

:'eta. vi lcm;ll: 
~'"ate~ sa:q, '"~. The era vel is 

c:ti:.'?Cmd of mter!W..s derived i':"a'A .:;n-e-
~ sourcea. The -.--n is art;osic •••.••••••••.••• 

Und.i..""fe...-eutiated unit 1 Srmta Fe c;:"'UP : 
SEt.ncl.s'ta.le 1 fine-to COL.--ae-c;ra.ined, ccnr;l.a.:l­

emtic, sllt:t 1 pi.m;ish. (;I'Ur.Y. The aa.nd is 
:.-...-tostc. The t;ravcl c.izcs &.."'C ~ m: 
:;~Arrit;:.c J.a,t.1."te. •••••••••• ,. .......................... . 

~...:;loc:cra.te, ~ tc silty, ;>i.Yl1;·tsh t;...~~,. 

::.'be i,;;.T~iiW. GiT.e$ e.:re lat.tte, q_-~n..-t&ite, 
~Je~.:nt1tic ent.crial, a.:1C. :-;::-a.-:itc. 7!:lc G3.!1d 
i.s -c.:r-~"::s.ie • • • • • • • • • • ...... , • • .. . • .. . • . • • • • • • • • • • .. .. .. ......... . 

Se.nd!;tooe, !"".t!.lr--to eoo.:.~c---:--::;-:n:Lrad, cllty 1 

=~~:-icl::. ~~-:::~~:. ~ ~·:! ~.:-i : .. :iJ .. :1!~:· D:;X:i.iC 

r.:-~.rt. t~·!C::-c iz OtX"IC ln. t-i t:.c :.::.e--ori a .•..•••••••••••..•.•... 

Cc1lc:.,;.lX.'!e-'"Ctc, ~~ ~ :;i.lt:,', r.i>~ai• ~.:t. 
::s.: :..:;·~ c:uv-c:. :.L~ c~~-:_.;cSt..-~ o!.~ ~.:~!""" __ . ..;_~/.:.·::.~.:.c 

.r~:..~·t.::. l:.t.·z.i ~ a.~Jl ;-~;Jt:.lcc. '".:~ ~-:.:: ~~ 
•. ''$ ..... ~·~· ·•-:.---.·,-,,.. t. .......... ~ .. :.r.J ............ t4 ........ w ••••••• ' ........... .. 
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~t.i&ted um:t, SJ.nta Fe GIV~-Gont'cl. 
~te. ~. pip.k1slJ &re:l• The 

fine ~ is ~Titic quartz la.tite 
and p-..mlioe. The SIIDd ia a.rtr.osic. Vater-
~5· .............................................. . 

~te, ~ to wfhUy auty, 
:pinkiah ~· Essent.iaJJy identi.ca.l vith 
unit i'ral 333 to '-95 but less silt. water-
~- .................................................. .. 
~. ~-. aU~·. a.ud ~. 
~ pink. The fine c;re.vel. iS la:titic 
debris. ~ aaod is &r~S1c •••••••••••••••••••••••••• 

~. sandy, pinkish ~- 'l'be fine 
GJ!'&Wl. 1a la.titic Cl.ebria. Ttle saod 1a 
arkosic. water-beariP£·······,······················· 
~te, sa,ld,r, aUty and cl.av't:Y, pinldah 

r;rrq. The fine Gr&vel ia CCJ:llOaet:i o!' vol-
canic debria. !be 8BDd is arkOsic •••••••••••••••••••• 

Sa.ndatoDe, tine-to coarse-t;rained, eJ.iGbtl)· 
sUty. b 8BDd is arkosic. Water-be&ring ••••••••••• 

Siltstcme, ~ a.rd silty clay, c;rayish 
pink •••••••••••••••••••••••••••••••••••••••••••••••••• 

Se,r.Q.stone 1 fir:.e-to r:c<ti'IZI-~1 s1J. t}" 1 
~ }'inl:.. T!::e sa.."ll! is a:'kosic. \-Jeter -
~5· ............................................. . 

Sc1d.Sto::lC 1 f:i;.;.}e-t.c cr:t:.rt~e • .;.;!"'.;;.i! .... ~i 1 &il t:.i , 
sra.yiS:-:. ;L"l.~. ?:JC sand is ~~cs!.c. ::ate!". 
~'}\: ................................................ . 

Gil1· . .- ... .-, ..,..,......,.11.... ..~.....,.rot .. ~. Iv~ ... i-
_.g ~~ ..,.,...~ I L ............. •~• .~-.. . .u.·. • • • • • • • • • • • • • • • • • • • • • • • • • • 

~'ii:r..cne 1 fille•to :JCdii..l:l•i,;..~"lC-d, Ve-7 
silty, ouyiah pink. )l'Le so.r~ is o.rkosic. 

576 

7l9 

970 

l,O}:.l 

1.,170 

Unit is in~~~~~~~~~ ..........•.............. l,2Ct5 
---~ -=-~ 

~-.::t, vJ:.-15.!! .r 1..'1...~ • • .. • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • 1, 2 ... · ~ 
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• 
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7l9 

950 

110~ 

1,:':'95 



~ted unit, &mta Fe ~'t 'd. 
Satnstone, :r:tne-to Dedium-sraiDCd a.nd ~ 

a.Utstaues, inte:rbedtled; vith StDe t.bin 
clay beds. 'rOe sand is a.:-kosic. Unit ia 
water-:~!!!!: l.,)05 ~ l,?J-2 f.\t¥l l;;/50 
~ 1,~ ........................................... . 

&mdsta:le, rin&-to medium-(;l'ained, ~ish . 
pink. '1'be SBDd. is a.-kosic. t:a.ter-~ ........... . 

SD:Jdstoac, fine-to medium-~ and 
8EW43 eU.tstcmes, in~, g:r,rish 
pink; v1 tJ;. sane thin beds or clay. '.r!lc 
IIWd 18 arkosic. ~· or the unit are 
'W.ter ..bea.ri.ng, !!. !'Ollovs "'! .. - - -

1,550 to 1,;60 
1,m 'bo 1,::.i05 
1,!.;45 to 1,055 

··~ , l, t,'(j() 1;o 1, ;J_9:) • .. • " • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Sil:tetarae, &nliYisb pink.; vitb. acat thin 

Depth 
(fi:et) 

F'rar.l To 

1,475 

l,G3)0 

t. ~ of cl.aJ,... .. • .. .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • 1,69() l, 740 

~. f'ine•to me<Uum-~, sUty, 
gras.yiah pink. Tte saud is arkosic. 
\18.,-ter--"l::Jears ............................................. 1~ 7~ 1, 7:>:> 

~'~pink •••••••••••••••••••••••••••••••••••••• 1,750 l,T~ 

Si.l.ts+..oue, g,..~ab pink. • • . . . . . • . . • . . . • . • . . • . • • • . • . . • . • . 1, 7dt'J .1: ~J 

Sa1·1dstane 1 f"i.."'le-to redi>li.':!•[7'aine--J., sllty 1 

;..:t'O,Y"'~ pink. T;;:t! sa..'11.1 l£ ariWS1c. 
WO..ter -~.i:l:~ .......... ,. • • • • • • • • • • • • • • • . • .. • .. .. • . . • • • • • • . 1, -~~ 

~..C.s-'":.a.ne, f ioo-to ~1e<!:l. u::-~:ruincC. and 
sat4 si.ltstooes, interbet1<1ed, ..;,.."'fl!,·is!l 
pi!±; Vit:1 sa:le t!lil1 beds o! clA;';'. '.:'!1e 
::;o.uU is t-..:.·~·~oaic. . • . . . • . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . .l, ~~;,_.; 
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Qua,ten:la..""'j+ s.U:uviuc.: 
l3oujtlera, cobbles, gravel~ ssnd, and sUt. 

T!1e coone sizes are ?'l!":'~tic latite 
and quartz lat1te. T'De ua..."Jd 1s quart.z1 

~ 1 a.."ld. lat1 tic debris .•.•.•.••.•••• · ............ . 

~~te: 
~te, ~·to allty, r;ray. '2lle 

cobl!les wn gnn~ a::re ~~ of 
l.tl.t!te and q.a..""t: latite. ::'to mid 1s 
quart~, fel.ds;ar, and GlassY to pa..-tiQ.Uy 
~, cloll:-18 ........................................... . 

Tctavi l.e.nt1l; 
~""'Qi,.e 1 ~I £;l'9.Y • 'r'!le cobble& and 

c;ravel. are ~te, c;r...a...~z.1t.e, a.rad foreiGJ. 
volcacics. ~~sand is &r~ic •••••••••••••.•.•..•.•. 

Cnt'W."terentio.ted untt., s=ta Fe goa;p: 
~~ fine-to coa.rae-~, COQSl.ar:!eratie, 

pinkish t;rrq. Tlle !IWld ia a.r.iro1Uc. ~ 
~ 1a latitic debria ••••••••••• -············~····· 

""\ "'~' ... -f'\ !·.v ...,.., -.,~ ~,-y-a·\...; .,.·., .. , ;.,..,:, 
~~ ~~ ~ ~~ ~~-~ ~~······················ 

~-~:, ........ ~ '·d .• ,..,,.,~ ,.,.,,...,. 1 ................. ~.-t.. ., • .:z~lds.f.. 
~~i#Vt.lCJ ·~,..~ ~~ .... ,...~-'t ... -'-', _:.:...L.i.l:l .. 

~. l~ SQ.nd ic ~-t.:osl.e. 7:Je fi.'le 
t;rave~, r.:uc= c£ ~ich is .7~-.loc, in 
!L:.ti tie r1f1 'tar:iP..l. • • • .. • • • • • .. • ... .. • . • • .. • .. • • .. ,. • , .. • ., ... • • • • • • • • 

l.:::.t:!. t!.c sU t ....... ~ .......... ,. ......... ~ ............ . 

~o::.&.:._:;l.ar.e!"U.tc1 GWl{l;; to Cilt.y 1 ~~ir~:i:m t::'CY • 
::".::le :f'L'1e t.o r.:cdi'l1l.;;. t:;.ra .. vel io ;::n.i:'.J.~' latitic 
:"i .. ~:ic~ v;~:; ~:~~-~:·~~te: ~·~.;:.,~.~>~ ·.:4 .1-: .. i~ :at.:.u .• 

~atcx~1 ~.luc-to cc.a:.~oo-c::-a.i.Ile"'J., tl.i,;:;t-. .... 4 
silty, ~""',;;"ish ;;:! "1>.; \.'it.::.. .o. t..:->J.CC v:f ~t.ie 
:...~~1t~l ~~ lmrer~ pal--t. =~ ~~: l~ a~-.:.;ocic. 
:.:a -::.e.::' --~in..# .............................................. . 
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1'able lt.-Lo;;a of wua &rl4 'blat bolas. 

Ve.ll. c 3, 0\:a,je Ol.nyon.~ 

Und:l.ffe..""'ent!ateci tmit, Ssllta Fe r;ro:....?--cant. 'd.. 
SaDlstoDo1 fille·to medi~, s1l.ty to 
~~ crayiah :pink. Tbe 11\ELnd i.e arkosic •••.•.••••.. 

~te, .sancl;y to silty, p:!nl;ja!l G"~Y; 
111. ~ 8CI':lle' pink ~ .................................... . 

Sa.ndstcDe, CQQ&laemtic, !link: ish ;::p.l.) ... 
Thl! fine to coane and is ~c. 
The ~ aizes are volcanics. WD.tel"-
~=in£;; ................................................. . 

~. nee-to ned.1.~1 sUty, ~--ish 
ptD&. ~ aaad ia arkosic •••••••••••••••••••••••••••• 

Sl.ndstcne1 f'ine-to ~'led, ~tie, 
:pJDldab (;r'tq. The sand is ~~::osie. 'l'he 
&ravel aiRs a:oe vol cazlic debris. \rater-
"bea.r'Utg • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

SUtstcme, ~ to cJ.a.yey, ~s.b pink ••••• • •••••• • • • • 

Sl.ndatcne, nne-to OCC"ae~, ~ 
pink.. 'l!be and 1a arkosic. Water-~· ••••••••••• 

~, nne-to~~ pinkish 
t:::)."aY'. ~ sand is arkosic. \>Ja.te!"-bea..""'i!!? ........... . 

Sandsto.1e1 ti-'18-to med1u:n-c;ra1ned1 sUty 
to ~"'C'.!, i.J!'ay'isb ;;.il:ll:. ~ sa.."ld is 
:::a.;;r"OOSie. " ................................................ . 

Sands"'-...coe, !ino-to coaree-~i.."led., ~sb 
pi.Wi.. The GS.:ld ie e.rkosic. ~a.tcr -bearinG •..••.•••.•• 
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Depth 
(teet} 

FreD To 

566 53-1 

5-"9 595 

596 655 

65~ 634 

684 .119 

719 76:5 
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'2n'..i.Lo 3.-f:8CQ.'tOS OF WELL..<:; A!:tl Tf:.'lr HOL£..tj • CrJati~~1L~ 

tJcl.:.s ~ld 'l~l'lat Holee iu tho tinobet'U Sl(VJO A.':."e& 
--- y: r f • k. • ... *' • It • a .......... ~ • .... I • A w 

A.lt.it'.tdo, roo.. u.r'l£u.a.L ,_.1.~J.i' tire-e.ific 
al.lovf.t sea level, level, t'cc-t OO{.ac.tt,).· 

.'IX\to of la..d oa .. "'tl!t.ce I\"tpth Pr-lnel_pftl. wttlr- atovc ( +l f:p.::v root Use o: : 1~·). Locat.r•J 1 

~-x~~·le~J (Ls) mid P\ttlV (raet) bcal"itlB l.tul.t or oolov .. ) or c.'L~ \Jatar· 
_ • .._. .. --.-~-.. --.... • .__.. .... .__---~~............ .. base 'Pal , .. . . .. . . . la:fl ,~~-----_!(;;.;M ... 1:.-..---
>t ': ;_:,;;:I fX'{~.l1 ,'tt:·:·~,r· ,.-;. !:k~j>t. l:l~9 r ,r,,1(? )LS r!,OJO }/ 'J!schica:.a G-'-'(JI1l) •9lo.t:J ... lfone 

~'· 1.~ 

rc:> 
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).. 'c 

11") 

J,.) 

,.., 
l. ' 

'J.'I 

Jan~ 1~;0 \),510. '14-LS :•.,"<"_.,.; 
f:tJC • ;~), T . .'. :1 l, :: j'G .i .•• 

r t'·_·- : . . ~ 1 ii t~'fl r,.. 1 r~ .;? ,,t. lkt .... _ ... '1"-·-~· ,, .• ·'·' iio·t. 19~"9 1},646.43-L$ 
~~. ...... ' .. , l ' ,.,.,...~ :r-... ~. --~""' .,. ' f,• .• t~.~- .... ,J.,.! • .;..·t, ' .• 'jc·; lC'9 ; .. '.) ... t:,,(,~2}.31-LS 

rr-: !J~c .• :JJ1!.t~r~,r! .E; '&·. lj:)O . ' ""'' ' ()(.}...Ls I ,.r;.""' • 

.Pu. ~l ~ . t,;J eo..~'t..~ '()~--~ . a;:•. l)..,IJ :;,J ,592 .. f...S 

du. :a·. ~l))O ' /0,- . n "1 .)•L•J 

r\: ~-.~ · :) ~t\: iv u-. A.p:i.~., 1).;/) t-,z.1l~g 

l I l.n.. ..... th Ci' ,. i l.,·,·t· ''(A. I"' ~:. .t.,.,-:,t:,l ,... .. .t. 1 '•. '·"l ~ ·- /.l, ...... 

f 
P/ !, .Ul of 9.\!Co,rl:\ l'"~ :).~ i\ c~;:).C C1:Jel't,Y C<~'tt.l1H10<1. 
-~~ .. 

// 

~' 

. ... .. ' .,. .. 

64P. P't lYO OO:lGlcrJCrato •:Y/3.1 0.2 \~1 

'{&-) do. -1~{1.1 l Jk>. 

G.t;;;; do • .[!,9.9 0.5 Do. 
l,:CXi) Tsc!!iCCC;. O'l.'i>'.i' -l,L~:::.c O.( . l)o. 

2-Jj .. O;::i hole - Hone 
3<)) t!n. - Do. 

5) • <l'J. - Do. 

--: 

i -..._ 



-·- - -

~ .. fine-tc medi-..:.l-gr&ined, cligtrt.l.y 
sllty, ~ pink; '-1:t!1 awe t.!l.i.u bods 
ot pink cJ..rq. ~ and iS &rkoaic. water-
~· .................................................. . 

Clay# ~"i.ah pink, silty to sand;y •••••••••••••••••••••• 

~salt b.raccta1 reddis!l brown to reddiab 
~r; with saoe ~~d ~,a ........•................. 

Depth 
(:teet) 

F'ral: To 

1,000 

1,012 

~~ ~iBll pi.tlk, sU~~ to sa;~·...................... 1,090 J.,Q!)5 

Cl.ay-J silt;y to ~ 1 ~s:'h pink • • • • • o • • • • • • • • • • • • • • • • 

Sa.ndata3e, title-to aedium-~, all~. 
~"ish pir..l:;.. Tbe so.nd. is O..'t"lrosie. 
'"""~·~···· - ....... i...,,.. \fQ &..A,;:,_ ~ =='- • • • • • • • • • • • • • • • • • • • • • .. . • • • • • • • • • • • • . ••••• 

~~.~.::to-Je 1 fire-to :.~~~~--=~~~-~e--~, ~·=-·~­
V~lfi.t; silt:~-, r-1--a~-1~ ~J~~;.. ~J~ ~~ .:_s 
,... ...... ···hr.rl.· c. . .,.,.~-..,_ ~.,.,.,- .. ........... ..A.~"" ._,'(,jir ... ~ .... -~'-'ow -o4 .,0.~. - • a oio .. " • a ••• ,. ... • ••• to • "- ' 4 • <' ,. .. 

sa..~..ane, i'iiJe-e;..~, ~ t:l:;~ r;llt-
ctcr.e, t"!'';.''iC pink. '~ ~"1d is o.rk )61c ......•.•••.. 

~.:.aue 1 !'ire-t.o x:ed . .:L·,m-[;:1lint:;>'.l> soJ;c• 
\::At c:.l.-~.:;:.·, crn;-i~sh r.::.~. :":.=:: ::;~-lr~ i,c 
a;;:.• .. ;o..Gic • ~··~er --~caril:s .... a • • • • • • • • • • • • • .. • • • "' .. 
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l.,J.~ l.,)Jtl 

, "7;( .... ,..r.. ..... 

1,})1 

1,391 

.... ... : 

r ' 



Table 4.-t.op of ..US and teat hclea. 

Well c ;.1 GuaJe ~.-cao.tiDued 

·undi!'t'e.'"'elltiated l.Ulit, &mta f'e crou;}•.<~cr:t 'd. 

~pth 
(feet) 

rrar. To 

Sllts'Catle, ~'e)· to saot;y# Cl"8J"1sh :r:inlt................ 1,4::-.: 1140'1 

(ie..1flstooe, :f'i-'le·cr&iood1 silty, c.a:'i. silty 
~tone 1 interbedded, ~0:. p.ink; 
v1th aa::e thin beds ot pink cJ..a.y. Tbe 
SBDd is arl;osic. ?t.\rte ot ~ iiCSf~et"~.ce 
a.re w.ter "Oe&r!n-- a.s "'"'llO'\o!$. ---- - - ... , ~ - w ~.,... p 

1,~)1 to l, 599 
, 75;;;!"\ to , 710 _, i ;.,::.1 ... , ~ ~· f ......................... ,. •• " ••• ,. • -.- • • .. • • ~ 
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' . 

f 

61!1 
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'l'&bl.e 4.-:.op or w.Ua am4 teet boles. 

Qua'tema.ry a.l.]J..'"V'iutl: 

Well G 4, OU&Je ~ 
mt Sec. 5, !r. 19 t"., n. 1 .e. 

Altitude, ~ ~. 6,223 
~depth, 2,CXl2 teet 

D.rUled by Texsa tlrl.ter weua, rno. 

Douldera, cobbles, t;..o-'""C:vel, sat'ad., and aUt. 
All :ateriala are ot lAti tie c<:~ttfl08i t1on •••••••••••••••• 

?-..cy-e e~re.~: 
Couc;laaerate 1 ~· to G!J.ty 1 (.~· • ~:Jfi! 

coarse sizes {g..~, cobbles., a.ti!,.\fev 
bo: 1J dG:~s) e..'""e or po...---pl:J--ri tie latl te. T~ 
sa!"'d. ia q...mrt&, f'elda;.a:, a.:ld ln.~i t.ic Q;e;.;~,..s. 

?.:.Je a!~ t :La ~- to ;a..~ia.ll.,; i)..ans~ 
~te~tml ••••••••••••••••••••••••••••••••••••••••••••••• 

Totavi lentil! 
Con(;.laDerate, ~~ ~· T!le eravel ai.z.ea 

a.1:U ~ ater....al.s f"l"cm ~ian 
sourcos. The &aDd is arkosic •••••••••••••••••••••••••• 

U:ldiffe.."""e..?Jtiat.e<l Ull1 t, San.ta. Fe g.roup: 
~~ finD•to ~~~tie, 

p1-nki ab F;'l'S¥. n. 8IIDC1 ia a.rkosi.c. ~ 
~ a1zea ~~~tic latite •••••••••••••••••••• 

Siltstclle .1 amC!;y to ~ 1 zrayisb pi.:nt,.. • • • • • • • • • • • • • • • • 

~~ ~tie, as ~ l20 to 168 •••••••••••••• 

Siltstoae, .. ~ 153 to 13~ ......••.••••••••••••.....•• 

Conc'lCUU"!l.'te 1 ~ to silty 1 :p:!.nlds.!J ~ • 
1:'!le fi..-v.t to l'J3c!i"I.W ~V'Cl Si~!! 11.-'""e COOi­
poa:td. ~ prpl:r.,yrit::.e· lll.tite a:..ul rn.cee. ':':·:e 
c:l.1'ld is a.r:Zsic. U:-dt is "-ate:-- bcz:-:.t::..:· i':.-..r:. 
L:~-: -":--. ..... '·:Y! ------ -
~ ::::::::. ~· ................................................ . 

7'6Si!J t., fiae•(,;l"a..t.oed dark t;..'''UY. Z::.e :.l.lJ"..:JC.r ~ 
lcwcr 5 feet c!" tl:le ~c\1 a...~ =-:.:~~.~: venic-~J.a-:- ..•...••.• 

~.;one, i'l::te•to coo.J.~~-Lre.inec, ::::~x.­
e~'":.ic1 :;:.;,;l.};:iC:1. ou.:,·. :'l:x: ~.c. :i..~ a...-ko&ic. 
Z':JC :f.:L"le L-o""''.ve: size£ are vol.ca.nic tnte:l-itl.ls ••.•••••••• 
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Dep+-..h 
{feet) 

!'ran ~ 

15 

~5 60 

60 l20 

l20 .1.63 

lUS l5o 

~30 2Bl. 

~··, .o;.,__ 297 

--

I 

.. ,I 

I 

}· . --~ 

-... -- _,' - -



U:Jd1ff'ere:ltiated unit, 3.t.nta fe ~.C"'Olt •a.. 
Siltsta.le 1 clA;yey to ~ 1 wxi. v1th 8Cti1B 

crv.wl, ~all pi."lk. Tbe ~ sU:es 
&I'e 'Y'Ol.callic ~teriaJ..e . .. • . ... . • . . .... • • • . • . • . • • . • . • . . . ....... 

Siltstooe, .. tram 556 to 551····················~······ 

Sl.nd.stale, ccmgl.auer&tic, Yitb sc:me t.!.l1.Q 
beds or au tGtoae 1 ;pi.IUish ~. Z.r.e tine 
to corsrse sand ia a.rr:ocic • T'ue fine (7'Bvel 
is vol can1c material.. ~ter 4lo&r.i!$ ••••••••••••.••.•• 

sanrtr..oJle, tine-to c.aL--se·~4~ s~ 
siJ:ty, ;;irJ;iah ~·· ~--e is a little 
sravel., cca;poeed 0: valca.nica, 1Dcluded 
~ tbe &rkoe1C ~ W&ter-~·····•••••••••••••• 

Sil tstaoe 1 .88lllly to ~ 1 grayish );link •••••••••••••••• 

Saalstone, ti.De-to COL. .... -(.::ra1.ned, cltchtlY 
silty, ~ab :pink. 'l?ile Slll.IU is arkosic. 
~'tea.:r---iDS ........................................ " .. . 

Ciltstone, ~~ ~~ pir.k.~······ ·············~···· 

2~ooe, fice-tc coa.?"ae•,;:·-a.~,:t, &l~'!ltl~· 
silty 1 ~,:i~ Fink• ~, sand :s arl:.os;.~. 
l~a:"tc:.::.·-ooa:t-'i~ .• - ...... 4 ................................. . ----

Za""l.CJ;tc:r.~.C, i'i::c-t.c necli::o-~!..."1eC.1 slii:;htl~· 
sllt,y· t ~- r~~"iS'A .!;iJ.lk. =£le ~ i£ ar.i~o&ic:. 
: ""'·"-e"' .i .. .,. ... ~·-4 ~--

, .. ~"" • _..,..._..;..~ ...... ~ ........ ,. ........... " ............ c "' ........ ~ •• 

Bas&lt, !'i:lc-~"&ined, ~k reddi~ ti~ •••••••.•.••••.•• 

!~salt b~eci~, sr,ay to dar~ sray .....•••....••... ····•· 

3a:-.!U!ito:Jt:, !'!:le-to t~Jitu:,-~::!"e.::.:m, c ~l cy to 
cla.ye;;;·. :.:;!JC na.--JU is D.!'i.~o:oic ..•••.•.••••...•.•...••.•• 
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Qlate:r::at"y alllr.r!wu 
~~ cobhl.es.. ..:~wl, at.tld, e..'1d sUt. 

All =:1.~ c.;:-e of la"W.tie ca...~i t1a1 .......... , ... . 

?\zyc ~..erate: 
~a.~-:-.c, ---..t· w cllty, ~· ~D 

ce&.""UC ~c (~.'f'A"\:el a.:.ld eoi:>'t~s) ant 
-~~ ~pictuOu.sl.v ;r.JOo."":;~7""l~ie lA'tite 
Allti q..m...-'"...:. l&t1te Vith St;,'i,.la:.'"'C!.U:nte 
CXU1ta o! lat1Uc ~· ~t! ta:.Xl 
s1mf!l l\l"C (!J.Il"tZ, ~ 1 fU1 J.&'ti'tiC 
~~~. ?~=Silt 11 ~dab-~$ ••••••••••••••.•• 

~~"UUt-1.attJd. Ui1i.t, ~ ?e; ~"!'! 
S1J..t&f·taJe I cl.Ditey I ,L....t~rl..Sh_ 11~. • • • .. • • • • • • • • • • • • • • • • • • • • 

~~. f'TiAhl.D, f'iJle•to ~O"&L'l&d, 
~ ~tie, ~· '!'to anr;1 
erainD C..."""& q,.a..-ts, ool.at"~ to :pink 
~.tlll.rJ 6Dd pbk to ;,-ell.ov ~ 
alli~ ................... ·• ......... ((II •••••• ., • " .............. .. 

~~ ~ $1l.t::f to SS..'l\l;y 1 ~ iGh rti.!lf;., Vi th 
~ fiuc ~V\i:l ~ of latitie 
::~ ...... ~ ............................... . 

~la.!,G.l~""6te, 11inl::i£!l &~;. T'.:..e !'-.l.rle :;.:~ 
t:n:l!un :;ra-~1 ai~s &>'"C c~::Y-~ o:.... l.at.Jt1c 
:~::!oc ~L c .. ;~-~£~ pcr:~~~::.··i:t:.ie la:~1 t.c. 
" s::&ll m:o~t of ar:.Waic s:cld i.m ;;...'"'C'zmit ••••. 

. .:o-:~;l~:.J.!-, ~::!:-..l:irl:. 
~ :c~:.:: ~:;:1l'.itil si.;.;u3 
;~:;i~it·ic :uJ/~.!:t.t: at~ 

&.i. '!;.; C~t>COO".i o!: :)Or­
~~.;.l.J.;:a·\;.t.! l;.~.;; i ~ic 

.................................... -. 
'~o; ... ~::~,:·e.t~t.c, ::a·,~~· ~~ nil~;, ;·:.:;::: ... s·t~ C!~~,.. 7JJC 

:·r;te ~\-'-:-.1 t..i.~"'' t«..=.~ c~::·x~<x;-;~ ~:.:· JJ.4~ .. 4.cic _XJ~-
.. v::.;rry ~ J.Ati tie ~;-.;:tee~. 
:~1e 1;c(J.; ~:· i'!"O"C c~ r!:~l·,:. 
7-~~:i~~~ r;:;·::f3~ .,71..::~~~~ 

:""':.-~ ~'!:~ 
-t"''.r'r'J :·., 

~ .... J:_ 

~~~':-:..c. 
~t~ !.;_ ;~ 
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~ti&tec! uuit, ~ta re G"''JP-Coot 'd. 
Clay 1 ~ris!l pink, c~ acBe latitie 
P'&~ ................................................... . 

~'"ate, ~ to ~ cUty, piclrjl!.\h 
r;t."ff3. 'J!lle nne c:rave1 aims a.rc m' ~l~ 
latitic prd.oe. "r1le 8l!lond is s.rkosie. \:Uter-
~:::t:5;· ........................................... . 

~~ fiDe-to mdil.~Il~, s:Uty, 
~'iat, pir.k; wi !.h Ga:e f:i:le O"Dovel. DizcS 
ocs-;.~ awll,y or latitie :pumice. Z!Je Sil1tld 
is a:.--~~ ............................................ . 

'Ve.£1~ ............................................. . 

~~ttl, ~' p!n!-..ish ~~. ::m !1m 
(l'Qvel sizaa a..~ velcsr;;J c :nte:rial.s, a?.sl~" 
cU3r1 ved fran a ~ aourcc. 'Z!Je ea.nc1 is 

~c. Flatar-ba!rtD§······························· 

ail..ty ................................................. . 

f~-

\J(~ .................................................. .. 

~te, ~~ tc silty, pi.nl::ic:~ ~7· 
'..:..'llf:: flllf: (.:!'llv-ci. l>iZO£ Ol..""'e ca:.~J0$0\i Q!' 
vol.c:r.nic uc.ter.1.0.ls. ·rre m:."!ll i.e a.r.;.:.:.ooic •• 

1~'atc"M-r c~~i~:.··~, --· ' 

.. _, .... 
~- ..... ..;: . 

_::~t} 

............ 

....................... " .. 

r ' 

Q3 679 

679 69~ 

~ 
c.)-""l"= ;;;.,J T:JI 

'B7 



~"'e!."'.Utiated UJlit, rAnta. Fe fJ-'"tt.!p-~:t •c.. 
~t, !ine~~~ dark~········~················ 

~ ~i&, ~brown •••••••• ~~··-···~·········· 

~~ 1"1ae-e;ra1Ded, sil~ to cla.}~, 
~ i uh ~ink. 7>-r ~ is ~;~ia •••.. 

~t brooeia., da.rk ~ to brawn. '!'be 
laor 10 feet conta..ins ~ Wind ~ 

.. . . . . . . . . . . . .. . . 

~· ......................................................... .. 

~~ !'ine·to mdi=-~"1ed, alieh~ 
si:ty, c;r.a.;riSb p:L>L<::. ~ .sa.'ld is &:k.osic. 
~ ~!!Jk- ..................................... ~ ..... . 

•::O.t., .;....+........... r.:-'l.'!"l:'}v ........ 1 l'"·l'J'!O'\.• l"""''"n~.4 ~ ...... -4 ¥• t.. 
~~J ~ ~ ~ ....... , '"""" .... 1,( .. ...... ~~· ............... . 

a;r-qic ..................................... ft •••••••••• 

~\ f1De-~1Ded, ~k ~························· 

C!J.alr I ~:.;;. tal"C)CI:I, • • • • • • ' • • • • • • • • • .. • ... " • • • • • • • • • • • " • • • • • • • 

~tltne 1 ::·ine ... t;t., I>l."d U.."a-(.;!"ai.rl(.'"tl~ e.r'l.s.r:JGic. 
~j;:.Jt~-~--;:-j,..r::__·~. * ••• ~ ... ~ • ... ~ ................... . --... - .. 

.-..:.- ~ 

~ J ~ .. :..__ f • • • a • • • • • • • • • ' • • • " • "- .. ,. • 

217 

Depth 
{feet) 

f'loaol ::'o 

1,(.()9 

l,.l35 

l,l45 l.,rn. 

~~~n ll2ll 

l,<il l ..... .., 
,:c::N-

1,2:58 l,2!;l 

l.,24l 1,236 

1,23:::. l.,?)l 

~,2)1. l, ;:u.:. 

ll5lJ ""' -;.·-y.-
J.~ ""' ..... : .... 

-:...-

.!.]~., {l. 

...,, 



. - . 
~ite ~--tap at vella u4 test balK. 

Url4ifte:ent:l&ted ~t, &mta Fe ~cant 'd. 
~and ailtatoue, interbedded, as 

the fUJe preceetUne; units, aad co;.-rtaini.nt; 
a rev thin beds c£ ll1nk clay. Zne sand 
1a a:-koaic. !2£ ~ !!! later-bear!.pb, 
!! ~ollovs: 

1,491 to l.,5l9 
l.~5~ to 1.,546 
l., 55l to 1 556 ,.. I, 
l1o5~ t.o l.,t>-?,3 
1,705 to 1,7~+9 
J.,.ll.O to l,G~~......................... •• . . • . • • • . • • . • 1,4!}1 l.,Wf T.D. 

218 

' ~ ....... oiMl 

. . 

- r ' 

---t-- -

-- "!·--


