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U. s. Geological SllrYq 

This report d••criba the pology aDd the occur

r'!ne• and anilabilltr or ground •tar 1n an area sur

rounding Los A.la=a • !few 1-iexico. The at-'7 on which 

the report 1a baaed was mado by the Oround Vater Branch 

of 'the Geological Survey with funds f\tmiehed by the 

Atomie Energy Commission. 

The Loa Uamos area 18 1n north-c•ntral Hew Mexico • 

approximately 60 :nilu north-northaaat or Albuquerque 

and 25 ::tiles nortbwoat o:f Santa Fe. .ls wred. 1n this 

r~port, th• area. is about 20 alee long in an east-

wast .iiroction and about 10 ?d.lea wide 1n a north-

south direction. The town or Loa Ala!!Oa ia near the 

eenter or the area. 
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The rocks or tho ana are ~ late Tertiary aDd 

Quaternar"T age. They cons1at or ~eanic and aediman

taJT roeka that aecUilUlated at the ••tern •ide or the 

Rio Grande depreuion. For the moat part. the area 

lies on the eastern flank ~ the J'-.s Jfountaina • a 

volcanic: eruptin center that atan4a a~ the sone 

ot faulting at the western llarg1D ot the Rio- Orande 

depression. The western edge or the area 1a near the 

center or th••• volcanic rocka and troll there the area 

extend& eaatvard acroaa a ae.gmeDt of' the interior man 

of: nove and e outlying apron or tu.tr that 11•• on the 

sedit'lGntary and volcanic roeka o£ the Rio Grande deprea-

sion. 

The 'VOlcanic rocks of the Jemea Mountains consist 
r ; 

aainly or the Tsc:hicama and Tewa uoupa With the former 

represented by two up unita which eonaist ~ (1) latite 

and quarts latite and (2) pyroxene ande•iter and the 

latter group represented by the (1) Bandelier ttd"t. 

(2) Cerro Toledo rhyolite. (3) Cerro Rubio quarts lat1te, 

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

interior mass or tlowa ot the volcanic center. Tho 

~andelier turr forms the outlying apron o£ tutr. The 

Cerro Toledo rhyolite. the Cerro Rubio quarta latite, and 

Valles rhyolite ara volcanic ~omea aaaociated with the 

collapsed L~terior of the volcanic center. In addition. 

nn unr~ed body or sediments occurs in the Valles caldera. 

~ portion of the collapsed interior of tho volcanic center. 

12 



The auite o£ rocka td the 'l1o Crude depreaei()D 

are ref"erred to the Santa Fa lf'OIIP• W1thift the area thia 

group is represented by three main •P uita. Ofta ie an 

undifferentiated sequence or· arkoaie aamlstone and aUt

stone tdth S01IG included baglt. AllO:tller• the Puye eon

gl.omerate. ia compoaad •1nl7 td lat1t1c debris 4er1nd 

from the interior mass o£ the Jemes Yole&Jlic area. but 

it also includes some interbedded basalt aDd • lentil or 
arkosic conglomerate. The third unit u a thick •equence 

or basalt. 

Mapping and aubsuri",aee work indicate that the 

stratigraphie units are complexly interrelated. !he 

mapping shove that the units ot the Santa re group inter

finger with oaeh ot.her. The aubaurface work indicates 

that two units of' the Santa Fe group. the tmdU'f"arantiated 

sequence and tho Puye conglomerate, interfinger with the 

Tschieo~~ group or the James Mountains volcanic area. 

13 



Adequate vater ruources tor the town ot .Loa .lla.moa 

are not aTailable in the ~diat• Ticinity ot the town. 

However • water in qu.a:t.t.iti• adequate lor the preaent 

population ( u..ooo) occure at both the ••tern and nat ens. 

margins ot the area. In beth place• the aurrace wters 

cannot b• ued because or legal natrlc't1ona. Water of" 

the streams in the Vallee caldera, ill 'the waeterra part 

or the area. 1a ut111aed. by J&ltMts Indiaaa -'to haYe pri

lnOrdial right.a to the now. 'file now or the lio Grand9, 

at the eaet •rgin of the ana. U..o ia c011pletely appro

priated by downstream uara. Ground •ter 1n the eedimenta 

of t.he Vallee caldera ill unavailable d the preacmt invoati

gation baa indicated that the amal.l water bodies present are 

in close connection with the adjacent·•~• an4 pumpage 

would decrease the stream fl.ow. Ground water 1n the Wldi.f

ferantiated soquence o~ the Santa Pe group in the u.tern 

part of the area repreaent.a the onl.7 aouree ot aupply avail

able. Setnen 1946 and 1952 eleven supply welli were com

pleted in these aedimenta. The atwly on which thU report 

is baaed indicates that theae w.lla are capable o£ supply

in~ one billion gallons or water annually. the amount neces

sary tor the town. 

, 1 .. 



pn'RQRU'CTIOI 

PURPOSE AND SCOPE OF !HE DPORT 

• 
This report is baaed on p-ound-water inTeatigationa 

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

Commission. Prior tc that time the water aupply tor the 

Los Alamos projoet had been dwelopad p1ac:eaeal. both as 

a reiJUl.t ot rumeroua changes 1n plane tor the aiae of tho 

project and aa a result ot an abaence or intormation eon

earning the occurrenee o£ •ter 1ll the area. 

From the earl7 part of 1943 • when the proJect wu 

started • through 1945, a ateJ" aupply •• obtained from 

small springs and small apring-tad. atreau tbat emerge on 

the moW1ta1n slope veet o£ the town. Thea• aourcee wen 

developed one by one as the town grew during the war years. 

At the end ot the war in 194 5 • hftaver • all available sur

fa co water on the mountain slope _, being utU1sed • and 

thg water requirements or the project exceeded that avail

.able from the mountain sou.reea. Sbort.ly thereat'ter • 1n the 

.:u1rly part or 1946. Black and Veatch. a consulting firm • 

Kansas City. initiated a teat drill1ng program about 10 

miles east or the project. This program led to the eom

pletion of six wells by tho end or 1948 1n Loa Alamos 

Canyon • a tributary to the Rio Grande. Ey the time these 

~..rdls were completed, plans for a larger project demanded 

a1ditional water by the beginning or aw:mcr .. 1951.; and 

Black and Veatch suggested development or ground water in 

A larGe volcanic depreaeion aamo 10 milea west or the project. 

15 
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Shortly therea.tter the Geo1od~ · Suney wa• 
~ ' 

requeated by the J.t.omic Energy COialinion to undertake 

a dotailed atudy or the ground •tar ot that area and 

to prepare a report daacr1btn& the av.ailability or water 

and ita relatiOft to the geologr 1D order to provide a 

baaia tor eolY1ng the water prol:tl-. Later, tho atudy 

area waa enlarged to cover alao the area .. at or the 

volcanic depreaaion. Some work on ba81ct data 1e nill 

in prcgrue (1955), and some ~tional work probably 

will need to be done on a eont!nuing buia, but the fol

lowing report contains attrficieat ~OJ""ation needed to 

aolve water-aupply problema that uy arU.. 

16 



.l number ot briet memoranda aDd aenral report. as 

eitod below and U.ted at the net t4 t!da report have been 

written on the vater auppl7 tor Loa 11.... Other reporta 

were COJIPleted vhlle thiJI iDTeetiption - in progreaa. 

Then memoranda and reporta haft DOt bea )nlbliehed • and 

only a nlat1Yel7 nell amoant ot the rea1llta ot the 'M>rk 

on the basic ~logy ot the ana.bu been publiahed. 

Jfost or the brie.t memoranda were writ~- by Army 

personnel during the war yean 'lfb.ell Loa llawoa •• expand

ing rapidly. 'l'haae described the -n apring-ted aurtace 

water auppliea 'lfbieh al"'e still 1n use. One of theee aourees 

was being developed by the coaatruction ~ a amall dam when 

Los Alamos was selected in late 1942 ~s one o£ tho project 

. sites for the development of the atomic bomb. H. w. Yeo. 

(1942) of tho Corps of Engineers. who prepared tha earliest 

msoon.ndum on available water in the area. ri.sited the sita 

in November 1942 • and described a 2S a era-toot reaervoir 

that waa being built by the Loa Alooa Ranch School tor Boys 

whose plant was taken ovor shortly therartar by the Covern

:nont. Yeo 9Stimated that the resenotr. ted b7 a minimum 

now ot about 100 gallons per minute • would supply the water 

needs of a town of over 1.4CO. He alao Doted tha presence 

of water in eanyona to the north and south. When a water 

shortage developed in the early spring ~ 1943. D. c. 
Bondurant (1943 and 1943a) twice visited the projeet and 

prcpar<2d two memoranda on streat:t now on tho mountaL"l slope 

17 



west or the town.· Later that aprillt; ad again 1n the aua

mer R. x. Lawrence (194) and 1943a) exawiM<l the area and 

wrote two memoranda whic:h led to the coutruction ot pipe 

linea that tap practicall.r all et the -11 nrtace aourcea 

pre.sent in t.he 1Daediata area. Ill late 1943 tll• Albuquerque 

District o:t the Corpa or Eagiuera wrote a brlet IIUI8a!'T ot 

exiati:ng 1'acU1tiea and raCOI88Dde4 _.. laprovementa 

( P.uble • 1943) • 

The tinl o~ Black and Vea~eh 'bepn •t.er-aupply 1DTaat1-

gat1ons ill the ana 1n the earl.7 part ot 1946. Their work 

lasted tbroulh 1951 and 1n part- made 1n conjunction with 

work ot the Geological SurTef. Formal reports c11acuaa1ng 

existing and tut.ure supplies were prepa ·"eel by Black and 

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

In 194S · Harold T. Stearns ducribed brie.t'l.y the geology and 

&rOund water or the Valle a caldera • the large .,olcanic 

:iapression at the top or the lDOWltaine west or Loa llamoa. 

Black and Veatch prapared a resume ot their wrk in 1951 

(Brown • 19 51) • a lengthy report presenting an engineering 

analy8is or the existing water supply and distribution 

fa cUi ties • the 1188 o£ water at the town. the capacity of 

existing aourees, and ~ poaa1ble aiteft tor additional 

sources. A a a part of the investigation by the U. S. 

Geological Survey three aemH'onaal repore. • concerned 

mainly with cui ding. ground-water development, were released 

to the Atomic Energy CommisaiGn during 19SO and 1951. 

18 



The merJOranda written during tba war JQra are ot 

interest mainly tor their record or the water-supply 

di.ft1cult1ea that ha.raased the tcnm 4Uring that period. 

The reports writtea after the wr giYe ad.d1ticmal 1n1"or

mation which baa been or conaiderabl• Yalue to this inYeati

gation. 

lltbough much previoua wrt hae bed done on the 

basic geology 1n the svroundiDg region u4 aeveral reporte 

:mention a tev ot the polog1c Ullita that eccar at Loa J.l.amo8 • 

little aatarial dealing specit1call:r with the area haa been 

published. 

Several geologists attached to the early armiee or 

~xploration and geolo&ie and geographi~ earYeya or the 

.West visited the region between lSSO an4 1875. Reporta 

or thsne early surveys were published in tbe 1810's and 

deal largely w1 th the broad geologic character or the 

country; however. they include ltaJden•s original descrip

tion of the Santa Fe formation (Hayden, lS7)), and Cope's 

(Cope • 1877) description or the fauna from tbia unit whieh 

had been collected by h!Qselt and by the Wheeler Survey 

party of l$7). Graton (Linduen., Graton., 'and Gf>rdon, 1910) 

Yi:litad the Bland r.tinine district. acme 15 miles aouthweat. 

o£ Los A~os. in 1905 and wrote a briat description or the 

geology and occurrence ot the oru r4 that diatriet. c. s. 
Foss made a preli."l'linary invostig.at1on ot the Vallee !'.-ountaina 
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in the 1920'•• At that time baae •pa tor pologic work 

were inAdequate and Rosa postponed work alter a brier 

study. l1rk Bryan probabl7 •de a naaber of Ucurtfion• 

into the area trom about 1910 tlu-oqh the 1930'•• A 

rev ot h1a obeenationa on the eutern part o~ the area 

are incorporated 1n a report oa the geology and grouttd

water conditions or the Rio Qrancte clapreaa1on (Brran. 1938). 

Two ot Bryanta students. B. T. U• Smith and c. s. Denny, 

worked in neighboring areae. Between 1932 and 1935 Sldth , 
~ 

studied and mapped the geolog:r ot the AMquia quadrangle 

whoso southern boundary lies a ta lld.lea north or Los Jl.amoa. 

In this work he dealt brietly with SOJM geologic .units that 

also are present in the Loa llamoa area (Smith• 19;JS). 

Denny spent aix weeks in tbe Kapaiiola Y-alley • about 1939. 

· Hia paper (Denny • 1940) describes the Santa Fe formation 

or the !epanola area and covers sediment• exposed at tha 

north end or White Rock Canyon. V. c. Ialley • 1n con

nection with pumice stndiea tor the Atomic Energy Commis

sion, prepared a planimetric 118P and a brier geologic: 

report on the Los Alamos area in 1948. Thia work ( Ialley • 

1948) has not been published. 
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ContempoJ-ary work on the basic aeoloa ot the region 

has been extattai ve. C. s. Ross and n. t. Smith have lleen 

angaged ainee 1946 in a detailed atudy or the Jeoes volcanic 

series • repre .. ntativo unite or which !wediatel7 underUe 

the greater part or tho Loa llamoa ana. P1eld wrk on . ' 

their project ia eaaentially eomplet.e. %&De Spiegel and 

Brewster Baldwin (Spie~al al'1d. Jal.chdrt• 195S) recently 

:studied the geoloa and ground -~ o~ the Santa Fe area. 

sme 2f :d.le.a to the aouthea.at. 

FIELD IORX FOR THIS REPORT 

·The field work tor this report was 8tartad in June 

of 1949 and was largely completed by April 1952. During 

this pariod. the SUrvey•a work vas divided between two 

projeeta that were separated 1n many reepacta but wbieh 

over-lapped to a largo G.Xtent aa both projects dealt with 

the geology and hydrology or the area. The main project 

concerned thGt water supply with which thia report deals. 

The other project concerned the undercround moTement or 
W3ste products discharged by the Loa llamoa laboratory. 

Both projects were started within a tev iaya ot •ach 

other. and juring the course ot eventa work was commonly 

shifted from tho one project to the other in order to 

eoordinato activity with exploratory dr1111ng that .aa 

:arried on L~tercittently as an important phaae o£ both 

projcets. 
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The exploration for the •tar npply - entered 

mainly in two areu. the eastern part ot the Vallea caldera. 

some 10 ed.lea west o!' the towaite• ad ill Qaje Canyon, 

some 10 milea northeast or the towna1te. York on tho wasto 

project extended !'rom the t011maite eaet.ud aftd aoutbwarcl 

to the lim.ta or the accompatl71ng ceolo&ic up (Plate 1}. 

An additional report 1a to be written on the latter project• 

but the work 1a mentioned herein u aome ot the basic data 

collected are pertinont to the poJ.os1 cd lq4rology or the 

entire area and muet necea•arUy be included in a report on 

vater supply. 

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

for additional water for Los Alamos was acuta • and 11 ttlo 

was known or the occurrence ot g:"OlUld water 1D the •rea. 

The view was prevalent locally tb4t the well tield 1D Los 

Ala..""!'s Canyon developed betweon 1946 and 1948 wu beint;· 

dspleted npid.ly 1 and there was an 1ncl1nat1on to attempt 

to locate a separate aource ot supply. hevioua work 

(Stearns, 194!) had indicated the pr .. ence ot ground water 

in the Valles caldera. Alao. an idea exiated that avail

able water might be pr9aent beneath deep canyons adjacent 

to the townsita aroa. The Atone inergy Comd.saion had 

al'larded a contract tor ext·enaive drilling in the Valloa 

::aldora and ror ono -ieep hole in Loa Alamos Canyon. 1n the 

town a~. Another contract had alao been awarded for 

~xploratory drilling to locate wasta products beneath tho 
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Pajarito Plateau. A part ot the t.rTeyta work ... the 

aelection or a1tee tor the d.r1ll hol•,. the d .. cript.ion 

and intarprat.ation ot =ateri.ala eolleeted troll the~~,. and 

the selection o~ SOilQ tor the plaeaent o~ aactiona of 

vell acreen. Another phaae o~ the work conaiated of run

ning pumping testa to determine the h}draulie eoetf1cients 

of' water-bearL~g SQilea and evaluation ot 'the npply. When 

in tha tall of' 1949 pumping t .. ta 1n the Tall• caldera 

showed that the removal o~ 11ater fro= that area would attect 

the now or nearby struma, exploratloa tor a water aupply 

was shi.rted to Guaje Canyon • llh.en !1Ye production. vella 

ware eventual.ly coapletad. Thia shift. entailed atudiea or 
3eolocie units along the east edge ot the Pajarito Plateau 

and included a number of" ptmq)ing teats. 

Concomitantly with theae exploratorr proc:rama tor 

11ater • additional drilling and hydrologic atw:liea were 

carried on in connection with the waat.e project. Durin~:: 

period• or relativo quiet in the drilling programs. a 

;sologie map or thSl Loa Alamoa reservation ed Yicinity 

was prepared. The !a&pping was dotle · on aerial photoa hav

ing a seale ot approximately 1131.680. The data were then 

transferred with a Kail plotter and by Tiaual inspection 

to a !!2AnU8eript. topographic !laP having a •cal• or 1:20,000. 

'!'his up waa later reduced to a •eale o£ 1:24,000 and 

ttec~panies thia report. 



nan,. ot the engineerina ,..... or the 1Jlft8tigat1on 

were made under t.he supeniaion ot c. Y. !Jleta and c. s. 
Conover~ euec .. a1vely D!atr!ct O.Ologia.'t aDCI M.atrict 

Engineer tor the Cround Water ~raub t4 11M Geolo£1cal 

Survey 1n law ~.nco. Thea• .u wn aot1ftl.T U~;as;ed 1n 

aoma ot the pumping ~eats • and thq u.dA lDterpretaticma 

of IIOIIt ot the pumping testae JCeUN• 1l. J. Councill aDd 

J. E. Wei-r • .Zr. directl7 aeaiated the 'llriter• Jlr. Counclll 

was assigned to the project f'roOII .rae 1949 to Jae 1951. 

Mr. Weir was uaigned to the project boa X.7 1951 to April 

1952. In addition. a1moat ever)OAe 1ft the Albuquerque 

oftiee or the Ground..Water Branch wae aaai&ned t.o some pbaae 

or the work at one 'time or another. 

It is a plouure alao to reoord tbanka t.o personnel ot 

the Atomic Enarzy Commiaa:!.on and to the Zia Company at Loa 

Alamoa. !apecial thanke are due R. P. Johnaon and P. l. 

'b'Uaon or tho Com:dsaion, and Richard Crook• t. Y • lloxander • 

and R. ~. Ar1'11Jt.ead ot the Zia 0Clll.'tlpllD7. 
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To Keears. c. s. Rosa ud R. L. s.ith ot the 

Geoloi1c Division or the SttrYey the writer teels a par

ticular !ndebtedneaa. Theae mera ·were engaged in a study 

or the geology and petrology'f4 the ~- ~lcanic aariee 

from 1946 to 1952, and they ttere nnor be•itant 1n exchang

ing information with the writer on the pology ot the region. 

To G. R. Wood or tho Geologic D!Y1a1on the writer 1a indebted 

tor advice on the late TQrtiarJ' aed.l.menta aDd the regional 

structure of the Rio Grande dapreuion. Mr. Wood also aided 

the writer 1n eoap!llng the geologie •P• 

OROOMPlii 

LOCATION .L-ID ACCESSilfiLI'!'Y 

The Los Alamos ~a is in northeeant.r:al lew Mexico, . . 

a.pproxi:mat~ly 60 tdlos north-northeast o~ U~querque and 

25 l!liles northwest o£ Santa Fe (see tigs. 1 and 2). As 

used in this report • the boundaries ot tba area are eoin

cictent vith the boundaries or the ac~ying geoloeic 

Map which eeeentially covers toe Alamos County created L~ 

1949 and overlaps on the vest into northeastern Sandoval 

County and at the northeast ext.enda into northwestern 

Sar..ta Fe CoWlty. The Los A.lamoa area trends northwesterly 

and is approximately 20 · milea long and 10 miles 1dde with 

th~ geographical esntor lying cl.oee to longitude l06°20'w., 

and latitude 35°53'~1. 
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The area is relatively inaccueible, 1D part becauae 

of security regulations that protect the town of Loa Alamos 

and in part because of the w.parsity ot aood public roads 

through the isolated mountainou n&ion• State Higbwa7 4. 

the only improved public road, extftda throlllh the eastern 

and southern portions of the area, c:rouiJII &1l llllillportant 

part o£ the Loa Alamoa resenatioa. Thia h1chw&7 1a asphalt 
. 

surfaced in places and 1.8 geMrally coaaidcnd a ,cood road, 

but it 1a 1Japassable through ~· 1101mtaina 1Jl wlnter. An 

improved aeceaa road leads troa State ligbwa7 4 into the 

Frijoles C.anyon monument at the aouth edge ot the area • 

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

also branch frfh'"fl this hie...:hvay. !he Loa Al.&IJOa reservation 

can bo crossed or) llighway 4 without restriction, but the 

ooin parts of this area may be entered only tbrouth special 

permission on aceeas roads leading f'rom this hi01way. 
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The town or Los Uamoe wi~b appron.tely 14.000 

people (1952) is the only large eommmdt~ ~e Yilhge 

of White Rock was built by the Atomic BDaru CODiiasion 

to accommodate the employees of' conatnction contractors. 

Tha .Ulage has a widely varying number o~ inhabitants f'ro:1 

timo to til:M • but the population aeema to range troe1 about 

1900 to perhaps ~· Totavi, a eontractorta camp, baa a 

population or about 100. The Frijole• Cuyon Monw:aent at 

the south edge or the area hu about 10 peftlal'lent rea1dent.a. 

PHYS IOORAPHIC !!!TI!O 

'111e toe Alamca area lies in a region when tour main 

physiographic provinces are reprenntad. (See fig. 2.) 

Two of these • the S·outhern Rocky Mountain and !uin and 

Range provinces, are ot aigni!icance ~o the regional •et-

ting o£ the area. The Southarft !ocky Mounta1Da extend 

southward from Colorado as two aeparat-e north-8-outh prong.s 1 

ono of which liea east. the other west 14 Los Alamos. Both 

prongs die out a short distance south or the general latitude 

or the area. The 9aatarn prong 18 repreaented by the protl

inant Sangre de Cristo Range.whoae abrupt weat trent is about 

2C miles to the east. (Gee tig. ).) The range dies out about 

50 miles to tha southeast. Tha western prong is roprosented 

by less distinct. discontinuous anita, the !lOSt southerly of: 
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which is the Sierra NaciJaiento. !he axia ot ~ ran&• la 

some 20 milea W..t and ita 1Dd.d1n1te -.tern front 11•• 

a !ew Idles beyond the waatern ..rg1n ot the area. The 

range diea out about 40 mUea to \he aoutb ... t.. Exteading 

northward troll Mexico and nparating the .. Mtmtain u.saea 

north ot their aoutherly tena1Dat10118 ia 'the Rio Grande 

depression • one ot the large r1tt Yallep ot the Baain and 

F:ange province. The Los Alamos ana 1a 1a. the Basin and 

Range province and eseentiall.T adjacent to the veetern 

prong of the Southern P.oeky Jfountaina. 

In a mora limited perspective, the area lies mainly 

on the eastern flank or the James Mountains Tolcanic center. 

(See fig. ).) The volcanic center stands as a circular 

mountainous element athwart the boundary between the Rio 

Grande depresaion and the weatern prong ot the Southern 

r:ocky }lountaina. In part, the volcanic rocks overlap the 

P.ocky Mountain structure on tha weat and in part 1 t extends 

gastward into tha Rio Grande depression. The volcanic 

center consists or a steep-sided L-tt.erior man which con

tains a central area o£ eollapae and discontinuous apron

like plate4U8 which surround the interior mass. Spee1t1eally. 

th~ Los Alat:IOs area occupies a parallelogram-shaped strip 

·::xtC!nding from the center of' the collapsed portion or the 

J~mez volcanic center eastward aero•• a segment of the 

st~ep-sidod interior mass and one of the adjacent plateaus 

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

Jepression. 
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TOPOORAPHY .liD DR&DAG! 

'\ 

At the eaatem urgin ot the toa Ala'aoa area ia the 

Rio Crande, loeall:r bordered bT pl&iu ud in part following 

White Rock Canyon. Iaaediately wat ot the plains and the 

west vall ot White Rock Canyon there 1• a high plateau whoae 

eurEace riaea ,ently.to the weat. Bear the -.dial line ot 

tha area thia plateau abut a apinat the Sierra de los Vallu 1 

the interior man ot the James ROW1ta1Da nlcanic canter. This 

mountain rlau abruptly troa the plateaa aDd cuhdnatea in a 

group ot serrate peaks and eaddl... wut ~ llhicJa liea the 

Valles caldera, the conapicuou port101'1 or the eollape~ 

interior ot the Yolean1e canter. 
f 

I 

fbe narrow belt ot plaine that tr1Dp ~· !1o Grancle 

through tbe Eapanola Valley barely axtend into the Loa 

. Alamos area. For the moat part they Ue north or the Otowi 

bridge • in the extreme northeast cor'llor of the area where 

they are present on both sidea or the Rio Orande. These 

plains also occupy a amall area to the eaat or the river 

between Meaita Mesa and the northern tip ot Chino MHa. 

rforth or Otowi bridge the plains artt relatively nat to 

gently slopin£. though commonly entrenched by ahallow 

arroyos and surmounted by low hills. As White Rock Canyon 

is approaehad tram the north the plains are surmounted by 

hirh buttes and me8as such aa ~asita Meaa. At their west 

:narein they are sharply separated from the plateau area by 

tho Puye escarpment, a steep 81nuoua cliff troll wboae lower 

levels a fringe of hills extends eastward onto the plains. 
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Althour;h the weet 1alll d White Rook Oan)"'n UUDd.a 

northward to Otowi brid{re • the callJO!l jropar atarta at the 

north Mld ot Chino Meea, ~1atel7 aouth o~ old Daclotan. 

where the Rio Grande enter• a narrow &or&e ~ aeparatee 

Chino };-.a !"ro!!t the plateau to \he wetrt. Froa here the 

ri nr .to.l :.ow the t;or-;;e aouthwutwud. £or 14 .u .. , the 

entire length or Chino Mesa. Tbroa&b thie'diatance the 

sheer canyon walla are about one thouaaacl t'aet high. A 

verr few aide c:a.r170ll8. short and a'brapt. breach the wall 

on the eut aid•• and similar breaka by laJ-pr e&n70M 

are fairly ni1C18roua 1n the vut wall. The ~·trm bound

ary or t.he map area overlap~ Chino Mesa tor about 3 mil .. 

and then tollowe the axia or the eanyon aouthweatwarcl tor 

an additional ) m.Uoa. 
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I 

L)'ing between the pla1na or the 'tiNiat Wan td White 
' 

Rock Canyon and the Sierra de lo• 'fall• 1a a high plateau 

which Hewitt (1938, P• )4) called the Pajarito Plateau. Be 

applied the name to •the plateau. extending tl"'OI the Chama 

~Ter to Canada de Cochiti and lrinc betwat'l the lUJes 

Motmtains (Sierra de loa Val.lu) and the R1o Grande•. 

This plateau, capped by volcanic t~t tor the 110at part, 

eovers a atretch o:t 110re than )0 .u .. parallel to the 

Rio Grande and 1a one of the proll1neJst fttlcaaie plateaua 

that surround the S1•rra de 1011 Tall••• It• aurtace which 

originally aa continuoue 1s di•aeeted hy D-J"'U8 D&JTOW 

canyons that entrench and cut through the tutt cap •• theT 

pasa troa weat to east across the high plateau. .1.8 a 

r~sul t the country 1a characterised by long r~ar-like 

:t~sas, whose upper surface riae. gently to tbe wat and 

abut against the mountains. These elongate me•aa with steep 

walls are known locally as potreroa. The rugged terrain, 

difficult or access because o~ the narrow entrenehing can

yons between tho potreroa • was tounci inviting by early 

Indians who apparently liked ths natural protection attorded 

by the rough country. Cli!'£-dwelling ruins in the canyon 

walls and house ruins on the tops of tho potreros are numer

ous, and tha plateau and ita ruins were made famous by ,the 

ethnolor,ist, Adolph Bandelier • 
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Steep, irregular slope•, 111ud1atel7 vat or the 

Pajari to Plateau, are a aepent ot the Cl"Ucent-ahaped 

mass ot the Sierra de loa Vallea. !hie-· attar having 

been severely eroded and deeapitat«J.. 1a DOt a t.ext-book 

example or a valeanic cone, but ita dark alopu, ending in 

graaa-erested peaka, torm a:a iapreaaive eit. !'o aet apart 

thia physiographic unit the nu:e Sierra de loa 1'aUea, 

(Range ot the Valleys) the tersd.aolo17 ot the earl7 Span1ah, 

is uaed herein instead or the tua J8aes JtoUBtaine iaaanch 

aa the latter designation is used commonly to include both 

tho interior mass ot the Yolcanic complex, 1t• surrounding 

apron or plateaua, and even the adjacent lfacirdanto Moun

tains and San Pedro Mountains. 

The Vallee caldera. with only ita eaetam half included 

·in the map area, lisa directly weat o£ the high peab that 

na..?tk the Pajarito Plateau. Thia depreaaion is the sur1"aee 

expression of a portion of the collapsed interior or the 

Jemez ~ountaL~s volcanic center. The entire depression is 

an aL.."IOst circular, bowl-ehaped aink about 12 llilea in diam

eter vitb an oute~ margin marked by a ataep, inward racine 

escarpment whose upper limit 1a marked by a serrate arrange

~ent of peaks and saddles along the curving ereat of the Sierra. 

The noor of the aink ia grass-covered and liea from about SOC 

to nearly 2,000 teet below the surrounding rim. This floor ia 

studded with n~eroua mound-like Yolcanic doaea that divide 

the dapression into a network or Yalleya. 
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Altitudu 1n the area range trc. ·~ S,)60 t.o 

10,920 teet above sea level. The lawe.t altitude 1a at 

tha extNnte southeast eorner or the area, in the bottom 

of' White Rock Canyon. Farther north. at the east-central 

part ot the aap. the river 1s Dear S .,SOO teet. !o the 

west, the Pajarlto Plateau. with a aoutheuterly elope. 

atands aainly between 6,400 and. 8,.000 .tMt. Above the 

plateau. peaks along the Sierra 4a 1011 Yall.ea range to 

~ore than tan \houaami teet. Pajarlto peak weat o£ Loa 

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

northweat naches 10 _.469. Carro Toledo em the north rim 

of the Valles caldera reach•• lO.Olt9 teet and Turkey 

!{:Ountain to the north of Cerro Toledo reachea 10.920 teet. 

Within the ealdera elevations range from about 8,.500 feet 

on the floor to 10,)32 at the top of' Cerro de Abrigo, one 

of th(f eentral domea. A short distance beyond the weetorn 

part ot the aroa s~e peaks riae abave n.ooo feet. Thus • 

the total relieF is ~o~ than 5,500 feet. 



Local ralld ~ ~ thraqboat the area. w. 
slor~ ~te ~ ~ the •lla are uarlT ~. 

,_ajar1t.o Plateau ecxaonly are 200 to 400 teet deep with 

walla that are in part vertical. 1!:te CDJOM = the east 

name o.t the SiGn"& de loa Vallee a1eo are rat;~a4 alt.hoUr)l 

tbf! walla are :~ot as at.eop &II thoae or llh1t.e Jock C&nJon or 

thoao o£ t.lua cat1TCM ~the Pajarit.o Pla~. Jfowever, ele

vation. ~dittereneea or OTer l.CCIO teet. eacw 1ft placu 'betwan 

C:ftnYOn noora and adjac.nt peata ~tiM Stern.. Within tho 

Vallee cald-era steep aided vol.eanic domea ~ u :auch ae 

1,500 rtret. above the !'loon or the ad.jaect Tall.OJZt• 

All cf" tho run-o.tt or the area gOM to the tl.io Gn.nde • 

a~1d the rim ot the caldera acts aa a ·1oca1 d1rlde and t1 Vtla 

rise to a unique drnir..azo pattern. Xdt ot the ri:!!!l the 

c;myor..s that ori~inat~ on the S!Jrrra and on the Pajarito 

?latcau !'ollow a ~re or looa direct easterly ccu.rse to tho 

~!o Granda. The surl'aee w.t1tera o:t the Vall.ea caldera drain 

westward from t.he ~epresaion and !"ol.lov the eircuitcnm courso 

:lf Jones Itl.ver a...-otrid tho south aide o.t the volermo before 

-~nter:i.'"lf' the Rio Crande s~ 40 mil.ee south ot tbe area. Of 

the atruo:tr east of the rf~, only ono, the Rito de los :."riJolN, 

carrias wator to th~ E!o Cranda ~tho rear. Other 

~in C&c"lJ'Oll8 of the easter:J. part of' the area have 1n recent 

':!:!u8 eont&in&-d ~ p-~r-enr.ial now ror ehort distances beyond 

:-h ··~ ~ast. nar-~~, o! th9 Sierra. but since the advent ot loa Alcc~ 
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the nall Qowe 0~ theM ~ haM bdn intercepted 

on the lower alopea ot the mountain bT the town' • water 

s)"Btarn. The baae tlow o~ theae atnama • at pointe 1Jm:sed1-

ately above 1Jheir interception• nutpt8 ·1raar uoi.lt 2S gal

lons per 111nute 1n Pajarito ~ to ~ 150 gallona 

par minute in GuaJe CanTQn• With the u:cepticm ot 

Rito de loa Frijoln. onl7 alter hea"J' a••r er atorM do 

the eut el.ope canyone carrr ater to the Jt1o Crande. 

'hro .a at~. the r.ut Pork o£ .r.... 11wr and 

t.he !t1to San Antonio• drain the Vallea cal4era. The ~at 

Fork draina the aouthern and the Rito San Antol'11o the 

northern part or the depreaaion. 'rh4t. tw •treama unite 

about 9 mllea wat of the area to font~ the •in atem or 

James n1var which, arter following an arcuate eouraa 

around tha southern aide or the J~s volcanic pil~, 

joins the Rio Grande. 



The cli-.te 18 a&Jdaricl with & wide ranee Of COl'l

ditions from the eaetom to the 1fUhl'ft part ot the area. 

!he plains adJAcent to the Rio Grande reee1Te an average 

annual precipitation o~ about 10 inch... Weatard• tho 

precipitation inereas .. £airly rapidly vith altitude. The 

Frijolaa monument station• in a deep C&ft10!l or th• P•jarito 

Plateau. reeoivea about lS 1ncb••• and the west margin ot 

tha plateau roce1Yaa about 18 inches. Littl• bttormation 

is availabla ror the high part. or the 1:01mtai.u or the 

caldon area, but. thaao loealltioa are rro. 1.000 to J.oco 
f~ot higher and probably reeeiYe an average of about 20 

inehea or more annually. 

Tha hilltviuet. precipitation oecura during tb• warm 

. ~nths frO!!l local thunderstoma that generally occur in 

the :dddl~ of the day. .Approrlllataly t.hree-tourt.ha oJ.' the 

annual precipitation comea during the aix-.onth period 

~pril throneh S3ptamber. and about one-third ot the anaual 

precipitation ~enerallr ralla during a daf1n1te rainy aeaaon 

in July and Au~st when t.he loeal. thunderatorm activity ia 

r;reatest. In soma yq.ra mora than hal£ or the precipitation 

talla during those two months. In v1ntor the anowfall ia 

licht on the plains, but it inereaeea to about SO i.nchea at 

the« west edge of the plataau. and it mar approach 100 inehd 

in :the hil."'har parts o£ th-e mountaina • where Highway 4 gen

·1rnlly is blocked by snow from the latter part of Ifo•elllber 

throu;-:h February or ~;,tarch. 
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Temperatta:rea YarY with alt1tade. For exuple the 

average July tcper&tlD"$ at. the lowv ~~aticm• !a about 

75 degreea 11hile at Loa Alamc» 1t 1a about 61 degreea. The 

average Januat7 temperature en the pla1u 1a about 29, and 

at Loa lla=oa it ta 27. A oae..,.ar :record (1949-19SO) ot 

tamperaturea in the Vallee ealclU"a 1Dt11cated an aYerace 

July taperature ot about 54 dqreea and an aTerage Janu

ary t.nperature o£ about 15 depwea. 

Tb4 tJ~ or vegetation ft%'1 tdth alUtude and expo

sure. and a caeral change taa. plaee &aB uat to we•t 

with COl"'f'UPP'ld1ng !ncrtta .. 1n altitude. !be plaine Of the 

northea.atern part or the aru an a M!d-duert graaaland 

with veeetation or the upper Sonaran tJPe• !he graaae• are 

three - awne. acme sacaton and gallet~• artd lecaer a:wunt• 

of grar.aa. S~c-re and rabbit bruah are ta1r1y abundant and 

cane :::aetue and p:M.ckly p9&r are locally cOdiOU. The trees 

include scattered pinon and juniper with cottonwood• .nd 

willows present along the Rio Grande. The Pajar1to Plateau 

has a woodland paature type of c:cmrr. Slue gramma u the 

:ai.'l era sa throuy_..hout tha plateau- and the treea are pinon 

~nd juniper to the east and Ponderoaa pine to the w~t. 

The latter tree is abundant rainly above about 7,000 teet. 

but alone aanyons or th~ plateau-. particularly on north 

slopes, it axtends downward u low as 6,200 !aet. The 

slopea of the Sierra ds los Valles have a pine-t1r foreat. 

?onderoaa pine is abU.l'ldant tro.-n the baa• ot the alopea up 
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to approximately 9 .ooo f'eet, and nougl.aa and Vhite fir 

are abundant above about s.coo r .. t. Sprao• 1a abundant 

on the hiF)lost part• or theae eloptre and danae groves or 
aspen oeeur in places, particularly where loreat flrea 

have removed the eonllers in tiaea paat. The wide val-

leys that. fora the nocr o£ t.he Vall .. caldera are lwm. 

untonatad vaulanda with feacua. bWlch arau, and aome 

aedgtta preaent. Blua~ae baa bea DOted locally. The 

bounding qearpunt and the atHp-aide<i 1Dterior domea o~ 

the caldera haYa eOMe Pondft"'A ptne whieh 1a coraoaly con

apicuoua along the eouth azul eaat aargin or Yoleanie domea, 

but thaae areas are covered u1Aly by denae forest ot apruce 

and fir that contain ntm~erou p-ovee ot aapen. 



CEOLOCY 

CEJIElUL Sm9IARY 

The rocks that crop out 1n the Loa Alamca area are 

or lsta Tartiary and Quaternary age, but older rocks crop 

out in nearby areas. Roeka ot Precambrian age are exposed 

in the Sangre de Criatos to the eaat • 1n the Brasos upli!'t. 

to the north, and in the Sierna !facitdento area to the vest. 

(See fie. 4.) Tbeae Precambrian rocka. consisting or granite, 

gneiss, sehist, and quartsita, haTo been downfaulted to 

great depth in the Rio Grande depreasion beneath Los Alamos 

where their upper surface mar lie below aea_laval. Rest!.~~ 

aneonton:ably on the Precaabrian in the Sangre de C.ruto 

Hountains anJ the Nae1miento area is the X&g::lalena group 

of Penr.ayl van ian age. This ~up, consisting mostly of 

limestone with 8ttbord1nate sbala and .sandstone, is exposed 

a f~v miles west of the Los Alamos area, just beyond the 

wc.stern margin of the Rio Grande depression; hence • at loast 

part of the group probably is present beneath the Los Ala.mos 

arGA. The same may be said of sandstone ot the Abo formation 

of Pannsyl vanian ( ? ) and Permian age. Sediments ranging in 

a~e trom lat~ Permian through Cretaceous and occurring in 

the nacimiento area and around the ncrtbweatera part or the 

Jemez 1~ounta1ns probably are not prssant beneath the area. 

:"hey probably wero ro::-.cved by erosion prior to mid- Tertiary 

t:. i~e. However, there ia r!!aaon to believe tha.t some early 



Tartiary sediments &.."ld poaaibly aou •rly Tertiary 

igneous roeks occur beneath the Santa Fe group in the 

Los Alamos area. 

The late Tertiary and . Quatern&r7' rocb that crop out. 

in tbe Los .Uamos area are Yolcanie and aedimenta.ry rocka 

associated with the Rio Grande depreaaion. an extens1Te 

fault trough which originated 1n mid-Tertiary time and 

along which there has been intermittent faulting ever 

since. For the most part the area 11ee on the eaetern 

fiank or the volcanic rocks or the Jeaes Mountains. vhich 

stand athwart and which were erupted from teedera within 

the tault zone at tho western boundary ot the Rio Grande 

depression. The western edge ot the Loa Alamos area is 

near the center ot the collapsed interior or the volcanic 

::-ocks and from there the area stretches eastward acroae a 

ser,ment or the interior mass 0~ news and an outer apron 

or tuff onto a group or aadi=entary and volcanic rocka 

that acemnulatert within the west-cmtral part. of the Rio 

Gra!'lje ·iepression. 

7he rocks or the Jo~es !~untaina eover the greater 

part of the area. This suite or roeka is or lata Tertiary 

and ~uaternery age and bas been named the Jemes ~~untaina 

volcanic series-/. This aeries within tho area conaiats or 

---------------------------------------------------·--
_/~oss. c. s •• S~ith, n. L., and Gri~~. R. L., 
'!o~eJlglatura by~~t~Jl_~.~~e~~~t~·~------------------· 
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the Tsehicoma and Tewa .fi"'ups. The Tsc:hicoma group forma 

the interior mas• of non o£ the Tolcanic rocks ( tha Sierra 

::ie los Vallee) and is repreaented by two unite on the geo

logic map. Tbe older or the two anita 1a ot Pliocene age. 

This unit occupies the greater part ot the rugged slopue 

of the Sierra de los Valles. It is composed ~ thick 

volcanic nowa ot gray to purpllah-gray latite and ctuarts 

latita which ara charaetericed by eoup!C\10118 phenocrysts 

or plagioclase feldspar. fh• younger ot the two aita is 

or late Pliocene or early Ple1atoeene age. !h1a anit crops 

out. in one local ana on the Sierra d• loa Vallea. and it 

is present in the subsurtaee beneath the Pajar!to Plateau 

in one locality. It is em=poeod o£ nowa of dark gray 

pyroxene andesite. 

The Tewa sroup is of Pleistocene age. This group 

includes four map unit a: the Bandelier tut.t • th~ Cerro 

Toledo rhyolite. the Cerro Rubio quarts latite. and tha 

Vallas rhyolite. Th~ Bandelier turr • Ccr.!pOeed o~ three 

distinct membens. tho Guaje,. Ctcnd, and Tshiret:e members. 

is a licht gray to buff-colored tutr which £orma the eap 

rock of the Pajarito Platoau. This sequence of tuff ranges 

fro~ about lCO to nearly 1.000 teet thick. It is in part 

or ash-fall but is lareely or ash-flow origin. The Cerro 

"1'ola1o rhyolite. the Cerro Rubio quarts latite, and the 

V~llcs rhyolite aro the volcanic docea within and adjacent 

to ths Vall~s cal~era. In addition to tho abov~ 1gnaous 

:·ocks • the-re !.s a thick fill of Unt"..amed lacustrine debris 
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overlain by tarraee and alluvial faa deposita in the Valloa 

caldera. These caldera aedimente ral}£e fro:. Plo1atocen(! to 

Reettnt in aze. 

The suits of roeka th&t aeCUIIUlatecl 1D the interior of 

the Rio GrandG deprese1on !e nt.rred to the Santa Fe group. 

Thia group includes three main uni~at an wulif'rgrentiated 

saqu.nce, th• Puye conglCHJ:'Ilte • aDd the baaaltic rocka or 

Chino '~~sa. The unditt"erentiated unit 1a a "ctnence ot 

nal~cn-eolored sodit!!ente that crop aut betwen the Sangre 

,le Cristo Y.ountaina and the PaJarlto Plateau. 1h••• aedi

~~nts are arkoaic ~~stone and a1lt8tone with aome thin 

b!!-·:!a of pin.kiah-colored clay. Interbedded basalt occurs 

locally. The clast!e frar....enta eompoaing the sediments 

~\lara d\lrived largely !'rom t.be Sangre ·de Criato taul.t block 

to the oast * but Sor:!e fragcenta • preaont main17 in tho sub

surface in the area, nre dGrived ~ the latitic nowa of 

the "!'nchiea:?& fTOUp. '!'he thielatea& o£ the WU.'t iS unknown. 

~ells drillod to a depth or 2.ccc raet did not reach ita 

hnse. '!hs entire unit is of ;aoeane 4!\d Pliocene a.e:e, but 

thl} portion that ia present in the Loa ~ area ia 

bsliev~d to reprasant only th• Pliocene part ot the aequenco. 

Th9 Puye eong~oner.e.t.e ie exposed along the Puye eaearp

~ont and along Whitn 1ock ~~~yen. The ro~~t1on consists or 

two :mnbera. ~e basal ~~ber is a ehannal fill which ranl!,es 

.fror-1 a h11i!B edes to about 75 feet thic:k. Thia ::1~, the 

~otavi lentil, is a poorly conaol11ated conglomerate composed 
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or trag:unta that were dcrl'nd tram a Precurltri.an terrane. 

Tho upper member ia a tanglcmer-at• 1fhich 1"&t1C .. trom a 

k:'life 4Klge to about 600 toet thic-k. !h1a member ia c=

posed or latitic debris deri'Md t1"'Dl the lat1~1c nova or 
the !echicOta group. tho Jlu.7e, probably 1a ot late Pliacene 

age. 

tho 'bdal tie rocb ot Chino leea an exposed on Chino 

Heaa and along White !ock Caft7on· '1'h1a -.umce or rocka 

ia more than 1.000 teet 1n thicb._. ami pnNbly ranges 

.f~ late Pliocene to Pleistocene in age. 'ae •aquenee baa 

been aeparated on a ba•1• o£ ocapoa1t1cm and tom or extru

sion into five unnamed ~oabars. 

A fourth unna..-wd aedimentarr unit (JIJld alluvium) or 

the sa...,.ta Fe group is closel.J' -ocieted with one or the 

!':!e:7ibers of' the basaltic roc.ka of Chino Reaa.. 

The Santa Fe goup and the James !·Veutttaine volcanic 

sories aceuoulatee during tho r~tion ot the Rio Crande 

jnpre2aion, ~~ tho various stratigraphie unite or the 

area a~ ~~~lately L~terrolated. F1~ 5 is a d1atrac

~atie sketch shallint; t.ha relation• or the -.in ::mp unit.a. 
, 

:;:t is :totaworthy that tho units o! the 3au.ta Fe group int~r-

f!n~ar with ~aeh other and that the undi.fterentiated Santa ?e 

ani Puye eon,:lortarate interfin.-:or with the Tschic:oma group. 
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STP.lTIGR&.PHY 

Santa Fe Croup 

The Qin part ot the f"W. cd ths 18p&Dola.Santa Fe 

Valley waa origL"'lal.ly called the santa '• -.z-1 by Hayden 

who referred to tho •recent marla and llaftda 1ddch seem to 

occupy the greater portion or "the YalleT or the lio Grando 

above and below Santa Fe• (HaJ"len,. 18?3. PP• 166-168). 

Hayden. although dnaribtng -~ u ctoarae •• •pudding

stou" • liSed tho marl daaignation tor the all.uT1al material 

baeauae the view wae prevalent; at. the time that the aedi

=:umts ot all the tault-troQg!l bu1ne or th• Vest were lake 

deposits. In years that follCMtd• Johnaon (1903, pp.)l3-332) 

and later workers showod tho aed.!=enta to be ehiefl7 of allu

vial origin. a~d l'tla.rl wae droppgd from the name and t'ol"!mtion 

substi~uted. As ~re and :uore became known o£ the ,eneral 

~haraeter or the s~di::enta o£ the R1o Crande depression, the 

na.me was extended to include the bulk or the eedhr~t• of the 

fnult-troush fill. Dryan defined the Sante Fe formation aa 

"th(J rain body or sed1.~entary depoaita or the Rio Grande 

jepreaaion. fro·~ <;he north t~nd o! the San Luie Vall4JY 

(Colorado] to and beyond ~1 Pa•o••••••••••••••••••• (Bryan, 

19.3g• p. 205). It now seel'!la deairable to raiaa the rank of 

:.he unit to thAt oi' ~up • u propoaed by 3a].dv1n ( 1955) • 

~~d in~lude in lt. other strati~phic unita which are related 
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to the filline ot the n1o Crande 4opreae1on. 

The Santa- Fe group ot this report includes three 

:na.in units: (1) 1n tmd1f'ferent1ate..i unit• .l.argely arkosic 

debris derived from the Sangre do Criato maaaJ (2) the Puye 

eongl~rate. largely a !anglo~rate derived from the 

"rschicoma groupf and ()) the basaltic roc.b o~ Chino Mosa. 

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

alluviua. 

Undi.r!erentHted Unit 

!he ~~1£farent1ated unit o~ the Santa Fe group is 

represented by the body of salmon-colored sediments that 

crop out troa the SangrG de Cristo Mountain• to the Pajarito 

Plateau. The great bulk of tha aequan~e -.a laid down as 

coalescing allUTial !ana and aaaociated alluvial plain depos

its in the Rio Grande depression and is cOMpOsed mainly of 

nrkosic elastics derived from the Sangre de Cristo block. 

Honce • in r;enoral. tho eadimenta are coarsest near the 

San£~ de Cristos and beeoz;m finer lftUJtward. The rocka 

are mainly silty eandstones and sandy sUtstonea. Con

r:,lom!lrates. usually silty to sandy,. tlrtt fairly well rep

~sented, particularly towar-l the east aide of tho deprcs

aion. Bads or clay .'l.Te not unc~on. but they ana thin anJ 

in ~tOst eases not ~r~ than a fmr feet thick. 
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In the Loa Ala=oe area a maxiwam ot about SOO teat 

of the ae~uence. repreaenttnc the upperaoat part, ia 

exposed on the surface. ln additional 1 • .500 feet 1a known 

from well cuttings. The u:poeed portion •nenda northward 
..... ~ 

along 'White P.ock Canyon h'oll near the II01Ith et the lU.to de 

loa Frijolea. Aa the top t4 the ullit ria• aort,bard • 

expoaurea extend hilh on the alopu o~ the PuT• eacarpaent 

and westward into the lower raacb.ea t4 to. Alamos and Ou.aje 

Canyons. Within th1• belt. o£ axpoaurea. lood outcropa are 

r.wre or lea• d1acont1nuoua. !bey aR beat 1rl the lower 

parte ot Loa lla110t1 and Gu.aje Canyone and 1D the fringe ot 

hills along the Puye escarpment to the north. Talua and 

landalida debria cover much o£ the unit 1n Vhite Rock Canyon 

and along the edtu o£ basalt-capped ...... • The rocks belong 

~ainly to the aute.rly derived auit.e o£ aeaimenta which occur 

e 11 the way east to the San&re de Criato MoWltaina. There is, 

however, some westerly derived =aterial• pa.rt1c:ularl7 in the 

aubaurrace, and there is so~ included ha .. lt. which al.ao 1a 

best developed in the aubaurtaee. 

The rocks that :~ay be referred entinl7 to the easterly 

deriTed suite are ~inly silty aandatone and aandy ailtaton9 

that are poorly to modaratoly c:emanted. They range 1n color 

frol'l pink!ah gray to grayish pink to pinkiah buff. Sorting 

ia poor and there are fairly rapid Yar1at1ona in 11txture • both 

V3rtically and horisontally. In the eoaraeat type•• bedding 
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is poorl7 deYeloped. A taint or irregular atratit1cat1on 

is f'airly general although aCM sort• ahow uo borisontal 

bedding. Croaa-lamnation• however • S.. fairl7 co=on, 
i 

particularly in eOM better aortae~ aandatonetJ• aDCl • 

lenticular arrange:aent ot eoaNe aU.• ill )eU of' tiner 

material ia cmaon. In the ~p-ained roeb, the clay

sandy ailt.-tone. and aomo fi.De-crable<l very a1lt7 aand

stone, horizontal bedd.ing 1a olwioa. At aoaa expoaures 

thia beddiD& 1a poorly d•••l.Gpecl• 1D othen lt u fairly 

wall developed. Croaa-lamtut.loa la pnerall.7 abaeat. The 

bedding and the tine-gra:lnM obaraeter 1D41cate that depo

sition took place on fiat.-l.JiD& ~aca. It aeea probable 

that these finer-grained rocb wre Wei d.own on a tlat

lying alluvial plain• beyond the margin td allu.rlal fan 

deposition. 

The sand of the easterly der1 Yael rocks eonaiata mainly 

of quarts and feldspar. Ind1Yidual quarts particles are 

colorlasa to yellowish to pinkish. !be feldspar is mainly 

pink :nero cline. but aome eolorleaa tel.d.apar • at least aorne 

or which is plabioclaae and at laa8t aome or which is 

sanidine. has been noted. The sand a1 .. a alao commonly con

tnin so~e yellowish to pinkuh ebalcedcmic silica. Dark 

~inerals are nearly absent tram the tiner aandatanea, but 

they are present in small quantity 1n the finer traction or 

many of thtt coarser aandstorta. They conaiat mainly or biotite 

and hornblando. Some clinopyroxene alao baa bean noted. In 
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the graTel a1••• quarts• pink ld.eroe!Sn•• aJI4 poanitic 

rocks are :aoat abundant. Pebble• or Yolcan1c rocka tha1; 

range from andesite to rhyolite are not UDCOlBCft, and aome 

pebbles are COJSpoaed ot quartait-e and schist. A taw aro 

limeat-one. Particlea ot aU,. aDd cla7 aise have not been 

axa.U:led. 'J'he e•ant or all ~ roeka 1a calcite. 

Weaterl7 derived •t•rial baa 'bee lloted on the sur

face in on.1y one loeali ~,... 1__., the .atla o£ Anoha Canyon, 

1:nmediai.ely weat o! White Bock c.n,-on. tlwre 1a a aetpmce 

of bed• that •bova an interm!.xln& ~ •nvly ancl weaterl7 

derived ran el•rnente. Tb~ aeqaenc:e. about 200 teet thick, 

directly underlies the Totarl lentil or ~. Puye conaomerate. 

The weaterly der1Yed utarial aouleta ot lft'Y81 and boulders 

or latit1c porphyry der1Te-:i troa rocka ot the Tach1coca group. 

Westi!rly dor1ved utariala are 11ora prolldRent 1n the subsur

face in Guaje Canyon 1Chere they are 1nter.:dxed with eaeterly 

derived ~teriala L"l cons;lomerat .. and conglomaratic •and

atones. These westerly materi~ are aost abundant at 

well G5, the western."!KlSt •ll 1n the canron, and leaat abun

dant at well Gl, the eaabern::loet well in thia canyon. At 

41811 G5 pebbles o.£ pOl"Ph}Titic quarts latita and white to 

pale pink pumice ot the llfm8 ccapoa1tion are Yery abundant 

in tha upper 459 feet or the unit, above the higbeat basalt 

flow in the well. This latitic debru 1e identical with 

rocks or the Tachicoma group which crop out about 2 milee 

'",o the vest. For an additional 198 .t"oet or to 171 teet 

'oJlow the hie:heat basalt flow in tha wll. there are additional 



aMunt or pebble• of porph}'rtt.ic rocb that JIUt have 

been derived troll the Tllchieala creup. m 0~ then 

weaterl.)r derived materia.b decrnae 1n UIOWlt to tha eaat, 

and in 'Rll Gl, two arul 01te-halt .u .. ...tward, there 1a 

only a amall UOUDt although ...-- ~ 1teda contain1ng 

pebbl• t4 latitic •terial are rr-ent 1ll the upper S60 

f"eet ot the unit. (See tig. 6.) 

Bualt nova and 'breed.& an pranat ill the UDCS!tter

•ntiat-ed Santa Fe and are aoat prom'DeDt 111 the nbnl'face. 

(See tic. 6.) Well cs in Quaje Cu7011 penetrated. J46 1"Mt 

o£ now aM breccia between the clepthe 0~ 595 aDd 1)27 or 

betncm 46S an4 1200 teet below the wp or the 'lllllt. Th ... 

bualta thin o11t and i!aappear ~. lcme 1a repre

sented 1n nll G2 • one aDd cn.e-balt 1111• eaat. f-.. allea 

eastward • howver • 250 teet o£ baaal:tic breccia - pene

trated in a aingla aequence 1n wll 01. !'h1a .. qaence, 

lying between 1465 and 1715 fnt below the top or the unit, 

!a believed to be from a nearby buried Yent. A single 

basalt now ia expcaed in White Rock Canyon where it lies 

about 200 :fleet below the top of' the anit. Ill of these 

baaalt• are very web alike. They are very dark gray to 

al;-::cat black where .truh and range to reddish brown where 

th~y are brecciated and somewhat altered. All ot the speci

:191'.8 e:xa.U!led microscopically show tin7 phanocryata or 
olivine. rrtaa or lua completely altered to idd.inpite or a 
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eombinat10ll of idd:!.ngaite aDd a hip iron qponite,-' 1n a 

::J .. 
Roes, C. S. ~ Informal commauieation. 

fine- graine..i grounduaa or calcic pla&ioclaae, clinopyroxene, 

oliYino ( ?) , anJ magnetit.e. Th• coarae.t plagioclaae ia cloae 

to An70, but acme o! tha tilteat-p-aiiMd uterial and •om• of 

the outer parta of soned crretala .... cloae \o An)o• Ieno

cryata ot plagioclase that ha.Ye a •110~heaten• appearanc• are.~. 

preaent ill the two highest flOWII penetrated by Well OS. 'fheae 

xenocryata ot platioclaae are 1d.at1cal with xenocrrata that 

occur in the latitic .tlawa ot the Tac:hicorta &rOUP• 

The rocks beneath the anditfareatiated anit in the 

area are a matter of conjecture. In ~ A~1quiu quadrangle 

north of Los Alamos the Abiquiu tutt underlies the •santa Fe 

formation" of Smith (19)e, p. 955). Cabot found the Picuris 

tuf'f at a similar poaition at seY&ral pla.cea along the com

pl~xly faulted east margin of the depreaa1on, at the vest 

front oi the Sanere da Cristo Mountains (Cabot, 1?)8, 

pp. 91-9)}. The Picuris tuff and the Abiquiu tu1'.r. believed 

to be correlative. may form an ea•entially eontinuoua unit at 

th~ base ot the Santa Fe group 1n the Rio Grande depreaaion 

in the latitude of the Los .\lamas area. In turn the •.Abiquiu

Picur1a turr- 18 probably separated rrom the Precambrian in 

placae in tho depr.ssion by Paleozoic and early Tertiary aedi

~ents and by early Tertiary it!tleoua rocka. (See Geolocr, 

r.~neral Summary, P• 39 .) 
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Within the Loa Alaoa ana. the 1ipper pu-t or the 

und11"ferent1ated unit or the Santa ,. croup 1a eomplexly 

ralat.e-i to the Puye conglomerate • the '-!tic l"'cb or 

Chino r4asa. and the Tachicou croup. !he !ft&Ti lentU 

of the P1qe conglomerate Oftr'11ea the Wld1tterent1ated. 

unit ancontormably along the h7-~ and along 

part fd Whit• Rock Canyon. Uoac part or lb.1te lock CanTon. 

boveyer• the unditt"tttmtiatecl 11Dit 1a OYU"lain tmcODtormably 

b7 Unit .5 ot the bualt.ie rocb ~ Cld.ao ..... .Aad1 wo 
milee .auth of t1ut northern 8114 td Chino ..-.. the upper

moat. part o£ the u.nd1ttannt1ated md.t blte:tingera with 

Units 4 and 5 ot tbe basaltic rocks of thia •-· IIBed.i

atel.y north o£ tide particular area the 1apperaoet part ot 

the udU'f'erent:!.ated unit aTerlies tor • clinance or about 

tvc ~lea, the Totavi lentil o£ the Puye eonglomerate. 

(See pl. 1.) Th14 part of the tmd1!1"erent1ated unit proba

bly is at laaat a partial time equivalent or the lncha !or

t'lation of P.al.dwin (1955) • but becaue of 1u idaftt.ical 

11 thology 1 t cannot be aaparated !rom underlying sediment a 

along the north edge o!" Chino Mesa. beyond the point whore 

the Totavi lffntil wedgu out. The portion ot the undi.ttar

entiated unit whieh contain• debria boom the Tachicoma 

group undoubtedly int~int;era with nova or the '!'aehieoma 

in th.e aubaurrace in the -....tern part, o~ the Loa .Alamos area. 

The total thiek.neu of the tmdttf"erentiated Sant.a Fe 

is unlmown. The pilot hole at well G~ in Guaje Canyon waa 
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bottor.ted in the anit at a depth o~ 2100 teet after pene

tratillti a thieknau o£ 2,.025 teet. It. .. ,. u:t.nd. a great 

deal deqer than thia. 

The tirat .toasila collected t.ro. 'he aed.tRiente or 
the Eapanola-lanta Fe Valley wre Hl1t to 'he bithaonian 

Institution 'by W • F. M. Amy 1ft 1872 ( Cope• 1rt7 • P• 24) • 

The vertebrate remains aroused 1atarut • and 1D the avaaer 

or 181) 3lefll'ben of the Wheeler a\lne7 Pll"'7 oollectG a 

number ot qecb:ena trcm naar San Ilde.tOIUJo• a .tla north

east or the Lola Al.POa area. Cope .made a trip to the regi011 

in 1!74 aDd collected aaterial repreuntiac ~y-ens 

speeiea or Tertebratea. The taunal ciucript101l8 wre pub

lished in 1871 (Cope, 1877),. -.baa Cope concllzded that the 

fauna (or the aediments or the Eapaiiol.a Val.la7] -.ore nearly 

resembles the upper ~1ocene o£ 'hrope than the Pliocene or 
that continent• (Cope • 1e77 • P• 364) • Osborn gave the age 

or the aame eequence as upper M.ocene in 1909 ( Oahorn. 1909 ~ 

P• 65) but in 1918 decided that the lovar part o£ the 

sequenc'B is transitional into the PUocene and the upper 

~ is lOW9r Pliocene (Oaborn,. 1916,. p. )4). Frick in 

1933 stated that •reeent 1nveat~at1Gll indic:at,aa that the 

acctli!lulations or th.ia portion [:hp&ilola Valley areal of the 

Rio Grande basin range fro~ the mid-Miocene to Ple18tocene. 

The Pleist oeene occurs in ram.tlL"'lts or aeolian origin that 

here :tnd there cap the 1rre011ar P11.oc~1ocane aurtac:e• 

(Fr!.ck. 1933. P• 549). ~till ~ora recent inYnt~~iona by 
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Frick apparently indicate that the und1t£erentiated Santa 

F-a or the t..nme.di.ato region ranges in ap fro• about Dliddle 
.• 

Miocenr3 to about middle Pliocene (Frick. 19371 Wood, et al, 

1941, P• 31). 

The nama Puye gravel hu been used bJ' H. T. u. Smith 

tiS a !'ormation name in the explanation of hie •P ot the 

Abiquiu quadrangle which lies a few.milea north or the Los 

Alamos area (Smith, 1938, P• 937). Smith atated in the 

text or his paper (p. 949) tbt the new formation which he 

had mapped would be described in a forthcoming publieation. 

This doscription has not appeared,but during the course o£ 

the Los Alamos work a proc:inent conglomerate vas traced 

northward and found to ba equivalent to the Puye gravel as 

!'!'Jtpped by Smith. In this report, however, the name Puye 

conclomerate-f 18 used inasmuch as the !ormation is 
y-~-~----

rroea, c. s., Seith. R. L •• and Griggs, R. L •• 
Nomonclatnra by mutual a.greutant. 

sufficiently consolidated to stand in vertical elitra. The 

type locality is the Puye escarpment And the doep eanyona 

that breach this 3Scarpmcnt. 

The Puye cont;"lomerate is a formation or vary local 

extent. It occurs only on the east side or the Siarra de 

los Vallas wher9 it lias adjacent to the latitie rocks of 

tho 7schicoma group. Ths strip occupied by the formation 
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·::li:.i::i'~.!"'ei!tia.tc-i. 'l!'.it, :l.mta ="e ~!tV .... '?-~ 'd. 

Depth 
{feet) 

!'rcxl :'o 

~~ sil~, ~~sh ~~•a••··························· 1,550 

1,)60 
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is about 10 =llee wide • and., in the DOrth-aouth tU.rection 

3xpoaur&8 ext~nd over a diatanee ~ about 15 miles • from 

the latitude of 3apanola aou.tltwa:ri:f-irlto· the LN Alattoa 

area. South or ita upoaurea 1t probably e:date 1n the 

subaur.tace for a number or milu• altho1q;b here its east

west extant probably a .fairly aarrow. South of Loa Al.amoa 

Canyon the deposition wu reatrlCJt.ecl on t.be eut br lower 

unita ot the baaaltic rocks or Chino ~. 

The Puye conglomerat• baa been cl1Yided into t.vo aub

unit•• A thin bual member 1a a aaD4y· OOD&loaerate cQ~Poaed 

of :tragmenta that •re deriTed large}T tro. rocka. or Preca:?!

brian &€"• Thia JDember• herem ftamed the !ctart lent.ll,. 1a 

a broad channel fill. The thiek OTerlriDc -ber 1a a tan

FJ.OQrllt• ccmpoaed of rragmenta derived troll the latitic 

rocu o£ the Tachieoma group, hut it a.1llo 1Dcludaa 80!:tta 

basalt nowa. water-washed pumice. tuft'. eel acme laharic . 
(mud now) beda. 

TotRvi lentil, - - The Totavi lentil _/ 1e named for 

the c:or:mmnity o£ 'I'otavi in the eaatern part or the area 

whore t!lia part or the ror.:tation 1a ucavated tor concrete 

ac;gr&gate. The lentil raneca ~ a Jmlle edge to about 75 

feet thick and ia a poorly eonaolidated conglomerate coopoeed 

of l:'lnterial rancinr: ~ tL"lfl sand to boulders OYer one toot 
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in diameter. Tho aa.rut. coarpoaed chi~~ quart.s and 

m1crocllne. oeeura as lena .. and u an irlterlltitial !"llling 

between the larger aises. !he grav8l and boulders are uinly' 

quartaite • granite, and pe~tit1c roc:b derived from Prec:a:~

brian sources, to the north· and eaat. Soma h'apenta are 

volcanic roeka that are tor the moat part tonlgn to the area • 

and only a tew bouldera are eompoaed of rocka from the 

Tach1eoma group. 

lnown exposures ot tht TotaY1.lemU extend trom aeY

eral !lilea north o£ tho Lee Uusoa area aouthward to the 

junction ot White Rock and 1Dcha Canyau 1n the aoutheastern 

part o!" the area. Good upoaurn are •aenttally continuous 

alon~ the Puye escarpment and in Loa .A.lamoa and Cltaje CanTon• 

where the lentU ~curs along a topographic break between 

relatively steep slopea Eo~ on the underlying undiffer

entiated Santa 

lyL"'lg eemented part o1' the Puye conglomerate. In t~ vast 

vall of \1hite Rock Ca..'lyon the lentll 1a continuous. thourh 

poorly exposed • to i~diately south o~ Ancha Canyon where 

it interfingers with basalt and aedimenta of" the lcnreat 

unit (TC·b5) or the basalt• cr Chino ~~eaa. Beyond thia point 

!t could not be separated in ~ing from aneloa1ng basalt 

flows. On the east side or the Rio Grande the lentil has a 

very li..'ldted extant, but it is rep~aentecl there by thin 

wadr;es that pinch cut eaetward. 
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In the aubavtace weat ~ ~. 01ltcrop ara.a the 

lentil •• neog,nised 1n aeYenll wU. ancl utlt bolea. It 

occura in tour vella 1Zl Otlaje CaD7cm 'b1at pinehes out between 

walla 04. and G5 in thia canyon. It alao 1a pn•ent in well 

L4 in Loa 1lamoa Canyon aad. in teat hol• n. u. ancl 1:) 

tart.bsr wut 1n Loa Uamoa and Publo c:aa,.m.. In bole Hl9 

1n Loa Alamoa Canyon it 1• 1nterbe44M lMtwa t.vo qaart.a 

latite non o£ the T•chicou. &J'CtiP• 

The Totan lentU 11•• anc~ona'bly oa t.he llDCIUtar

entiated tudt oE the Santa re gnup. Ill plae• the relation 

ia one or diacontor.d.ty an4 1n other placu a alight angular 

uneold'ormity ._,. 'be noted. In th• Dortheaat.ern pa" or the 

area the lentil 1a OTerl.ain contonab.l1' by the Min body ot 

Puye conglonerate. .lt the northwest tip ot Chino Meea it 1a 

overlain contcr:aably by arkosic ae41m~mtA o£ the tmditter

entiated Santa 1e. In Whits Rock Caftyon it ia cvarla1n by 

and 1ntar£1ngers vith the baaaltic rocb ot Chino )!!eaa. For 

the !!oat part it 18 CTterlain conf'or=ably by U'nit S o.r theee 

basalts, but aouth ot lneha Canyon it 1ntert'1ngers with thia 

unit, and 1n places the lentil 1a oYarlain conf'onnably by 

U'!'lit 4 of the baaaltic rocke o£ Chino Jteu.. To the weat, 1n 

the subaurtaee, the lentil intertingera with quarts latite 

flowa or ~he Tachic03& croup aa ahown by the lo~ ot hole Hl9 

in Los Alamos Canyon. 
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lpclQMra~ epur. - -The main body or· the Puye

the tanglomerate umber - 1a composed ot ubria that haa 

been washed eastward tram rocka ~ the 'l'acbicoma group. 

In the Loa Alamo• araa expoauree ~ th1a aab4tr utend 

t'rcm· a point jut aouthwst o-r Otowi laridp aorthwutvard 

along canyona 1nciaed 1n the Pajarito PlatMU anc:l north

ward along the PuJe •earp.unt• Here the me=ber nude in 

grayish ba£f' colond cli!'ta ldrl.ch hoe bun 1Dtrlcately 

nutad b7 eroa1on. 

Light cra7 pulldce beds ranc1Ac .tJ-oa a \h1n !U'D to 

a rev teet thick have been noted at ••vera! localities 

on the nr-t:aee. and auch beda are ._.,.well cleTeloped in 

the fanglomerate 1n two test hol•· !hen 1• 90 r .. t or 

plr:liee in the lower part o£ t.he uni't ~ t-.t hole T) 1n 

Loa Alamoa Canyon and 320 f'eet o~ )ft.IJ.'Iice u... directly on 

top of the Tctavi lentil in test hole T2 in Pueblo Canyon. 

Theee pur1ice bed8 are compoaed o£ angular to 8\tbangul..ar 

fragment• u much as two 1nchu acroaa. Locall:y they con

~ain abundant !ragMnta o£ porphyritic lat1te. Aah-eaa 

material coaaonly tills tha intersticea. '!'he pumice ia 

l.atitic and tinJ' phon.oerrsta or biotite and plagioclaae 

are com"!!ll. Tiny hornblende ar.<l pyroxene phenoeryata 

hant been not.ed alao. For the mo8t part theaa beds seem 

to be water-was..~, but acme abow well develaped horizontal 

heddL"l&. and thea& ~Y be ot aah!"all origin. At the eutern 

"1arc;in of the unit., along the Puye .. carpt~Mmt• t.hore are 



commonly a few thin beda of vary ~iDe-grained white tutt. 

Theae beds. rangin& trom abon 1 toot to 3 teet thick• reat 

directly on the Totavi lentil and repraaeat w.ter-laid aah. 

ether thin beds or turraceoua .. terlal have also been noted 

at this stratigraphic position at placea near the eaatarn 

I!N!rgin ot the fanglomerate maber. Alao repreaented at. aorae 

expoaures ara beds 1n which lara;e illolated \touldera occur 1n 

a matrix ot aandy allt or aUt7 aad. lecta td this cbaracter 

probably repreaant labaric-t}Pe .aterial. 

J.f.oet or the f'anglomerat.e member 1a ailty. nndy ccm

gloserata in whieh tWD typea ot beda cOIIIIOBly ean be rac

osnised. 'nleae alternating be4a• tlitferill& hom each other 

only in the relative abundance of tinea. grade into eacb 

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

in tha othar. In one type of bed ·~t and &and aisea are a 

r<!lati'Vely ~inor eonatituant. occurring mainly in the 1nterst.ices 

between lar~er fragments. In tho other there 1a a hibb propor

tion of sand and silt and tbeae grain aisea c~nly pr$domi

natc over £raVel and boulders. Sorting is more or loaa 

chaotic in both types or beds. Nnr the veatarn margin ot 

tha !!Seeber. where it is eoaraeat., boulders and angular blocks 

as large as five feet across oecur in a matrix that ranges 

downward to silt aise. Tan miles eastward, at the eastern 

~rgin,. where the member is tineat, gravel, sand. and aUt 

aro intimntely aeaociated. Bedding 18 poorl7 developed 

t.hrou.r.hout the 'ller.tber _ but a. layering that. dipa one or tvo 

lef,rcos 3astward can be seen at moat localitiea. 



All ot the detrital trac-enta are ~itic. The -
pebble• • cobbles • and boulden are aOIIPoaacl or &raY to 

purpliah gray to reddish quarts lat1u anc1 lat1te. Both 

types ot !'ragmenta haTe a YeJ'T conapicuoua porphr1t1c habit. 

Phenocryst• ot plagioclase • ranginc ~ acre than on.-halt 

inch long, tom aome 25 pereent. td ehe rocb. Ot.ber pheco

eryata, 11uch lea a eOD8J)icuou, are aqite • biotite • and 

hornblende. The quarts lati te .trapezlta al.o contain small 

phenocryata ot quarta. The 8aJld t. C01IJ)OHd of fragmeDt.a 

ot theee rocka and their phenocrJWts. file •Ut ia latitic 

debris that ia commonly partiallr &laesr ~ llaaaY• 

Flows of basalt occur in the taaaloarate 1n the aub

sur!'ace. The tlowa between 176 aad 2S5 .teet in tHt ~le 

Tl in Pueblo Canyon and these between 266 and )88 teet in 

test hole T) in Loa Alamos Cany011 are ried11111 &raJ t.o dark 

er&Y in their tiner grained portiona. Thin .. ctiona ahow 

5call phenocrysts of plagioclase and tiny phenocryata or 

olivine and clinopyroxene in a tine-to ra.cl1ua-gra1ned 

groundmaaa or semi-felted plagioelaae, clinopyroxene, 

olivine ( ?) , and ugnetite. 'l'heae nowa are identical 

with some or those or Unit 4 of the baaaltic rock• or Chino 

:-!esa and ara ao correlated. 'fha haaalt between 410 and 510 

feet in test bole Tl ia similar to those deacribed above 

and 1a tentatively correlated with the same unit. 
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'!'he upper aurtace oE the '-7• 1a p eroaion aurtace • -... 

hence the original thiclmen ot the tangloaerate ll4llllber can-

not be determined. Aa it new exiaU • t1w thicke.et. known aec

tion 1a 6)7 teet in teat hole T2 ill Pbblo Canyon. It ia 

thinneat along the east. edge or the Pajarito Plateau were 

about 200 to 250 teet or the anit cCRIIOftly 1a present. but 

1 t thins t.o • knU'e edge jut. ao\lthwut or Otowi bridge 

where it abuta againet basalt or tht1t 4 o£ the baaaltic 

rocb f4 Chino ~"•••· 

The fll!l£lom.erate member reata coa:tozwabl7 on the TotaYi 

lentU and along ita _eutern and ... tera. .argina relatione 

indicate that the f'angl.omerate a ccmtusporaneoua in age with 

parts ot the Tachicoma group and the bualtic rocb o~ Chino 

!l.eaa. !oas and Smith J have noted. that it interfingers with 

_j Rosa, c. s. • and Smith• R. L •• Int'oral c01'81UJ11cation 

the latitic !lowa of the eaatern mars;in ~ the Tachicoma. and 

in bola 319 1rl Loa Al&fiOS Canyon it ia OYU"lain by Qowa of 

pyroxene andesite of the Tachicoma group. Alcng White Rock 

Canyon the interfingering of the Totavi lentil with the 

lowest nOVII or Chino Meaa (TQhS) indicates that the immediately 

overlying baaalt of thia unit ia equiTalant in age to the lower 

part. oE the fanglomerate. The occurrence within the fanglomer

ate of basalt that is identical in appaaranc• and mineralocr 

with some of the nowa ot Unit 4 ot the b&aalt of Chino .>teaa 

L~dicates contemporaneous accumulation or this basalt unit 

60 



with higher part.a of the fanglomerate. Rocks that ovorlie 

tb~ P.~yo diseonto~bly includel (1) t1n1ts 2 and 3 ot the 

basaltic roc:ka of Chino ~es-a .. (2) the old alluvium. and 

(3) the Eandeliar tuff. 

Although the aee of the Puye eonglomerate bas not 

been established it is believed to be lata Pliocene. Foe

sUs round inr.tediately abovo the Totavi lentU have not been 

studied. 

The rocks or Chino Mesa eonsiat or a thick sequence 

of basaltic: to andaaitic rocks with minor amounts o.r 

included aedimants that form Chino Mesa and eap so~ out

lyine mesas and buttas to the north. The rocks belong to 

the L?J.t~rior or the Rio Grande depression • and only the 

northarn and western extensions are prgaent in the Los 

Ala:::-os aroa. Uare outcrops occur on means and in the walls 

of :.'/h1ta Rock Canyon. In order to determine the relations 

of v~rious parts of' tho unit to the Puye eont;!omerate. five 

sub-units vare separated in the area. 

Unit 5, tbe oldest or the sub-units. consists or 
basalt • basal tie tuff • and locally some usociatad sedim!')nts. 

Tho individual basalt naws are ganerally thin and commonly 

no't ov9r 25 fef:tt thick, and they E;Onorally show w~ll

lo~alopod cola-mar jointing. They range in col.or from dark 

!~My to al::Jost bln.ek an:i there comnonly ia a taint g;reeniah 

~uc. All amporphyritic. ~mall phenocrysts of olivine, 



ranging to almost one-quarter 1D.ch aeroea are preaent in all 

specimens though 1n many plac .. tllef are h1&b17 altered. The 

alteration 1a variable. In aetM ~ it 1e a lld.xture ot 

aaponi te and celadonitA J J 1D otura 1t 1e iddingaite. A 

number or ~~pacimena contain -11 ~ ot quarts nr

rounded by & rim o~ rad1atila& ft')'8tala f4 aupte. the ground

mas• 1a aodic labradorite. cl~ t.bat probabl7 ia 

p1geon1te. aome ol1Y1ne that ccaiHftlJ' ahowa the - altera

tion ae tha pbenocrysta, and aou apet.ite. !he baealtic 

tuf'fa ot the unit are Tery £liat1nct.1Ye and 1D the aouthern 

part ot the exposure belt they are Yer'f coupieuoua. Tb .. e 

tut!'a are "1U"f thinly bedded and vea~her ~ a drab color. 

They grade to tu!.f breccia 1n placu • and they coa;only con

ta.L"l so:se pebbles that have been clerived f'roftl Precambrian 

sources and some that have been derived !rom the Tachicor.-.a 

group. The associated sediments are pruent near the north 

end or the unit. At the =uth or Mortandad Culyon tJley con

si.at or arkosic aandatonea and eongloiMaratee that contain 

interbedded basalt. 

Unit 4. eontormably overlying Unit 5. 1• the ~in cli!t

forMer along White Rock Canyon. It c:onaiata ot nowa o~ both 

basalt ~~ basaltic andesite. Locally thare ia a little 

basaltic tuf£ and thin sandstone beds. Tbe nowa tend to be 

":lorG "!Ulssive than thoae of tiuit. 5. In placee indiviclual 

!'lows ran;;e to over 50 feet thick. !hey ranee tram gray to 



dark gray and are generallT ll&hter in ool~ _ thau thoee ~ 

the underlying ·unit. Some apecS.... ahow -n or tiny 

phenocryata ot olivine onl7; others abow both olivine and 

pyroxene; atill others olivine. ph)Toxene and placioclaae; 

and still others show small phen~ of PJ'l'GD~l• only. 

The groundmaaa 1a eor.rp011ed o£ pl.agioclaae • c:Unopjroxene • 

a..9\d aome magnetite. Some apecSuu _,.. contain a Utt.le 

olivine. The plagioelaso ra.agu tr. aodic labradorite to 

ealeic andoatne. 

Unit 3 couista or maaa1ve, atHp aided nowe of dark 

gray baaalt that eoaonly have a thick son• or bl"eccia at 

their baH. Tbeae fion apparantl.y OYerlie tJnit 4 dJ.scon

tor.rnably. and aed~ta associated with the tloww oYerlie 

the Puye eongl.Ot:lerate disccntormably. . The ben &D4 1ll08 t 

acceaaible exposure or the tt."lit 18 along R1ghay 4 at the 

top or the hill west ot Totavi. Rare the upper part or a 

now pinchsa out in sedi~nta o!' poat-Puye age (old allu

vitM). The roclaJ or the unit contain large to 8mall pheno

crysts or oll vine • and some! apecir.tena contain t.iny pheno

crysts of plagioclase • The ground:aaaa is Co:A))Oaed of 

plagioelaso. and cl::.-~opyroxene with a little oliTine and 

cagnetite. 

Unit 2 corwista ot two nowa or basalt that orit:inatad 

on the east eide or Chino ··!aaa and nowad northwutwarc1 into 

the Los Alamos area. At J1.esita Maaa 'theaa fiowa and. aome 

':ndcrlyi.n.~: basaltic tu.rr cverlia the undU'terentiated unit 
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or the Santa Fe group WlOOD~OI'IIabl.T. Farther .WNt. towa.rcl 

Totavi. they unconformably OYV'lie th• PaTe ~erate. 
Just east or l'otavi tiNt uppe~ ~ tile two nove enct.. The 

lover one continuq westward ~or a ahort 41stan.ee and then 

abuts apinat a 11US1Ve now Of lJrd.t 3• !Jut t;vo fiowa &n 

identical 1n character. They an dark .:raY aDd contain ccm

•picuoue phenocrr-ta ot oliviD.e• •oae ot whteh haTe a thin 

rim o~ 1ddiqa1ta. A tew xenocr,ata f4 .-,rts, pnerallJ' 

aurrounde4 lt7 radiating cryatala ~ · &usit•• han been DOted. 

The ~ 1a very &odic labftl<lorite • el!Dopyroxene, 

ol1v1De, Lt'ld sagnet1te. given 1D the order ot abwtd.ance. 

lhli t 1 eonaiata or late aitiuter conu • l.oeal llowa, 

and a small dou or basalt. They overlie uncon.tor:nably all 

the rocks with which they are 1n contact. The uncont"o.m

able relation to Unit 2. the next old.er unit. can bo•t be 

seen at tho north end oF Chino Meaa. Where they are not 

oxidi:ed the rocks are almoat black, but in the cinder 

cones lfhere they are highly veaicul&r and oxidised thay are 

brownish red. They are 1nconap1cucualy porphyritic and in 

so~e hand apeeimana phenocryata cannot be noted. Thin ••c

tiona show tiny phenocrysts o£ olivine, poaaibly a raw of 

pyroxene, and • few or labradorite. The line-grained to 

6laaaY groandmass ahowa plagioclaae microlites and pyroxene 

with a little olivine and magnetite. 



The oldest units of the basaltic rocb oE Chino Meaa 

probably are late Pliocene and the youngest ira almost cer

tainly Pleistocene. Unit 5 conformably oYerl1ea and inter

fingers with the Tota~i lentil ot the Puye conglomerate. 

Therefora much of Unit .5 ia contaJIPOr&neou with the lowest 

part o! the tanglomerate portion of the Puye. Unit 4 also 

is contemporaneous with the !anglomeratic Puye .. flows o! 

this unit occur tdthin the fanglomeratic Puye. (See loga 

of holes Tl and T-1.) Unite 4 and S .interfinger with the 

uppermost part of the und11'.farentiated unit o~ the Santa 

Fe at a point about two mil~s south or the aorthern tip of 

Chino Mesa. The three yourt£oet unita o£ baaalt are or poat

Puye age. Unit 3 may be seen to interfinger with a~di:Aenta 
•· 

(old alluvium) that lie discontormably on the Puye near the 

top of the hill west or Totavi. Unit 2 probably closely 

followed Unit ), but avidenco ia not sutficiont to bear this 

out. Unit l is almost sur•ly or Ploistoeeno age. It rests 

~~con!oroably on Unit 2, and beyond the Loa Alamos area it 

is associated with a low pedi~nt or terrace along the Rio 

Crande. 

ftear the east edge of the Pajari to Plateau some high· 

level alluvium rests unconformably on the Puye conglomerate 

and is assoeiated with !laws or Unit ) or the basaltic rocks 



of Chino Mesa. This alluvium conaUta ot elay, aand, and 
---· 

gravel and locally ineludaa a einor amount ot basaltic turr. 
The best development as well aa the beat ezpoaure or the 

unit ia along Highway 4 near the top or the hill west ot 

Totavi. At this e:xposure there are tour seta o£ beds. 

The lowest is a one-toot bed or basaltic tutt. This ia 

overlain by 20 teet or brownish gray, thinly laminated clay 

which weathora to a dull brown. Bext 1a about SO teet ot 

sUty sand and gravel that ranges hom but'.f' to browniah 

yellow. This 1s overlain by about 25 teet ot gray, thinly 

laminated clay that weathers to & dirty grayiah green. 

Northward• beyond Guaje Canyon, only the aand and gravol 

and the overlying clay have been noted. Southward, soee 

o£ the beds have been noted in MOrtandad Canyon and at the 

northwest tip o£ Chino Mesa. 

~is alluvium was deposited on a pediment surface cut 

on the Puye conglomerate. but at placaa it abuts &Eainat the 

adge o~ a higher, partially dissected pediment also cut on 

th~ Puye. The deposition occurred behind basalt of Unit 3 

of the basaltic rocks or Chino ~eea during the time these 

flows aecumulatad. At the exposure along Highway 4 we•t or 
Totav1 the alluvium ia in contact with a steep-sided flow of 

basalt which haa a tongue that pinches out within the allu

vium. The a£~ of the material is beli~ved to be eithor late 

Pliocene or Pleistocene. 
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Tachicoma Groap 

The Tachicou group 1!lellldn all or ~be rocks or the 

eomplex interior maea ot the J_. Jloa.taiu •olcan.ic aeriea.J 

_/ Rosa 1 c. S. 1 Smith• R. t., aDd Grlgp, R. L., 
lometu:lature by :mtual apre...at. 

The t)'pe locality 18 'l'ech1coma peak, aboat S a11 .. north ot 

the Loa Alamos area. In the Loa .llaoa area roeka beloqing 

to the £J"OUP 11• between the PaJarito Plata• and the van .. 
caldera. They occup7 the geater part ~ tbe ateep rq;ged 

alopea to the west or the platUll where U.i:r upoaare belt 

ia a aegmant o£ the Sierra c:le loa Valla. 'fwo up anita laave 

been aoparated within the belt. One, c:oYer1.na hearly all or 

the belt • conaista or conapicuoualy porphyritic nova o~ latit. 

and quarts latite. The other, occupying a ftrJ' local area on 

the surface, eoneists or rather tncanapicuoualy porphyritic 

pyroxene andesite. This unit ia beat· developed in the aub-

aur!"ace. 

The lat1te and quarts latite unit occurs in tlowa ~bat 

range tram about 200 to about 400 teet thick, and the rocb 

are :sainly gray to purplish gray, but in plaees they range 

to reddiah brown. Both rock typea carry abundant phanocr,rata 
~ 

of plagioclase vbich tend to ba elightly larger and .are abun-

dant in the quarts lat1tea where they range to oYer one-hall 

inch in greatest dimenaion and oaMmOnlJ compoae over 25 per

ce~t of the voltme of the rock. 
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In general the quarts latite tlowa an preaent to the 

north ot Los A~ Canyon and the Quaasol1 tork o£ this 

canyon where they fonJ cliat1aeti~Jrr elopn. In41-

vidual expoau.ru generally ahow proDOUDOed jointing and in 

placea the now. r;rade to blocky ln-ec:c1a. So. upoauna 

show nmr tope that grad'! to pad.ceou &2••· The abundant 
~, . 

plagioelue phenocr,•t• act.uallT ·td'e 1D 1arp part xa:noer;rata, 

and obYiouly were not in equ111br1WI 1d.tll the p•owul_.. 1n 

which they occur. rheae xenocrJata han a aotheaten appear

ance cau•ed by tiny areas ot 1ncl.oded clu•• !hey an obayed 

by r;round.,.·!iaaa material. ar..d .-. an n80r'bed to the extent 

that only ghost-like rer.manta are recogn1sable. The plagi

ocl11.8o phenocrysts that belong to the rock are treah in 

appearnnce &.'ld show good albite t1finn1.ilc. Other phenocrrata 

pnae!'lt are small. They conaist of quarts. biotite, horn

blende. and augit.e. The quarts is sub-round and embayed. 

Tbe biotite and hornblende are 1n varioua atagea o£ resorption. 

The ,rrroundmasa of these rocka is compoaed o~ pla~ioclaae• ortho

clase,. a~"'ite. a little fine r:sagnetite, and varying aaounta ot 

;rlaea. 

The lat1 te nowa arc present to the south of Lo8 Alar...os 

Canyon and they appear to r..ave lapped ay,.ain.st the quarts 

lat1te r.lows near the axi• or thia canyon. In hole H16 at the 

he!ad of the Quemason fork of the canyon latite oYerllea quartz 

lat it& with th£t !"or":~ter present fror.1 627 to 890 teet and the 

l.!ltter present fror.l 890 to the tctal depth or 1.269 teet. 
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Southward~ the latite .torma 8011e11bat aoother alopd thaD 

the quarts lat 1 te to the north, and the t1owa appear to 

have been more reFU!ar and 1- Pdt7 than thoae 1dl1eh gave 

rise to the quarts lat1te. The rocta are, hMMYer• yery 

aiadlar to the quarts latite u4 pruum•b11 Hlcmg to the 

aa::e period t4 eruptions. They canuia lara• phenocrrata 

ot plag!oclue that are in gaaral 1clat1oal1dth tboee or 

the quarts latit•, including ft1m the ~ore.tp. Yarlaty. The 

emall l'l&f1c p.benoc1")'1Jta are the· Amit ad iaclllda aup~ and 

more or 1••• zeeaorbe4 biotite and hornW.aD4e. !'he augite 1a 

more abundant than 1n tho ·quarts lat1~. Unlike the qwu-ta 

latita, quarts phtmocryata an abeent. !be around- ot 

plagioclase, orthocla.se, augite • aoma fiDe -.petite, and 

in places acme glaae 1• aim1lar to that oE the quarts latite 

but t.'tare :appears to be leaa orthoclue 1u the craundman ot 

the latite. 

The pyroxene ande•ite tap unit ia exposed in a emal.l 

area north of Loa Alamoa Canycm where it 11• diacontormably 

on a flow or quarts latite. In the aubaur!ace in hole Hl9 

it !a represented by two or· three nowe baTing an as;grogate 

thickness or )47 teet. Tho rocka o£ this unit are 1ncon-

.8Picuoualy porphyritic and range tram gray to 4ark gray in 

color. Locally they show a fw acattared phenocr)"ata of 

plagioel.ase ranging: to about. one-quarter 1nch acroaa but. 

for the :nost part the phenoct78ta are to be noUd onl7 by 

close exami."lation and some apecimena are al.motat non-porpbyriti 
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The phenocr)'1ltS eon.iat o~ soned p~ocla.a• aDd pyroxene. 

with tho pyroxene in eluding both aqite an4,., hJperathene. 

One apeeL"'Um exatU.ned ah011'8d aoae foreign brCNft biotite. 

The sround..-.a.sa 1a composed oE. tel.tftd plagiocla .. , pyroxene • 

and IIO!'lG ~etite. 

Thr~~ 8-e'Teral er1ter1a 1t 1a pG*aible ~o relate the 

rocks or the Taehieo!aa uoup to the UDdit't.-.nt.iated. unit or 

the Santa P'e group and to the PuJ'• eoa~te. Debra 

f'rO!lt the quarts latita nowa 1• pnaent in the apper part or 

the \Uld1ftorent1ated Santa 1e. '11l18 debrle 1a abundant 1n 

the .ubsurface in tho upper 4.00 rut ot the tonaat1on 1n 

Gu.aje Canyon. In wells 04. and 05 it 1a confined to that 

portion or the !omat1on lying above the hidl••t bdalt now 
in thde wells. (See fig. 6.) In hole Hl9 ill to. Al.&-:~oa 

Ccyon the Tot.avi lantil of the Puye COD£'lcmarate 1e inter

bedded in the upper part o:r the quarts latit.e sequence. And 

both tho quartz latite and latita turniahed debria to the 

Min body of Puye conglcmer:rte in the Loa Alamos area. In 

turn the ?uye conr.lomerate is overlain in hole Hl.9 by neve of 

th~ pyroxane andesite unit o£ the Tachicoma group. 

The relation or the '!'aehic:aaa group to tho upper part 

or the ttnd1!ferent1ated Santa Fe and to the Puye eonglo~ate 

indicates that the ~chieona group is o£ Pliocene and possibly 

:tarly Pleistocene instead of ~ti.ocene age as waa ueumed by 

early worh.""ers (Darton, 192S; Bryan. 1938). In earlier work 

lt wns assu~ed that the Tschieoma group waa correlative with 
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the main body of' volcanic rocka 1n the Su Juan region or 
Colorado. However • the upper 11a1t or the und1.ft'erent1ated 

U!'lit of the Santa Fa group 1a apparentl7 cloae t.o :rid-Pliocene 

age (Frick. 1937) • and debri• troD the T•chicoma group does 

not extend greatly below this 1.1mit 1n Cuaje Can)'Oil. In well 

as. which is closest to the maiD body ot the Tsehieoma group. 

debris from the lat1te and quarts latite 1a not preaent below 

the top of the highest basalt flow which 1a 468 teet below 

the top of the unit. (See tig. 6.} · Below this haftl.t thore 

is some debris !rom older ~ ocks or the Taehicoma group tor 

an additional 200 feet. At greater depth the only possible 

evidence of the existence or rocks of the Jemos Mountains 

volcanic seriu 1s the thick basalt sequence in the well. 

This thick 'Jasalt sequ~nce may represent the beginnine;a or 

the volcanic seri2s. The pyroxene andesite unit o£ the 

Tschicoma croup, overlying the Puye eonglomeratG• probably 

represents aome of the youngeat nows or the group. These 

youngest flows may be of early Pleistocene age. 

l!!!!toce~a and Rece~t focks 

Tewa Group 

':'h3 mme Towa group-lis used herein for the late 

_/~oss. c. s •• Smith. R. t •• and Griggs. R. L •• 
n~enclature by mutual ~~ement. 

rhyolite and a local unit of quarta latite that constitute 
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the latest eruptions ot the Jemez tl.owrtailla Tolcano. Aa no 

sinr.;le physioi;raphic: feature 1• pnaem from which to take 

a name !or the diverse group. Tewa baa been chosen· inasmuch 

as a large part or the area in which the paoup occurs ia 

known as the country ot tho ancient Tewa Indian tribe. 

Fomationa belonging to the group within the Loa !la."lls 

area are tho Bandeli.r tuff~ Cerro Toledo rh1011t.e. Cerro 

Rubio quarts latite, and Valles rhyolite. 

Randeli!£ ~ut.r 

The Bandolier tuff waa na.."18d by H. T. tr. Smith (Smith• 

19)8, p. 959) who first reeof!lised the formation aa a diatinct 

unit and who =mpped its northern uteneion in the Abiquiu 

quadrangle. Tha rume was taken t"ro= .the Bandelier National 

~10nn::!ent where the tuf.f is typieall.T developed. In the Loa 

Ala~os aren the unit is most prcx:linent along the east-west 

canyons of the Pajarito Plateau where 1t toroa spectacular 

cliffs. In t."lna elil'fn three distinct sub-units are obvious. 

!he lowest sub-unit is whita lump pumice that is well devel

oped 1n the vicinity of Guajo Canyon and is here naned tha 

Guaje menber.J Abova this ia a sub-unit or pumiceous tuff 

_/ ?osa, C. S. • Smith* R. L., and Grl.gg&, F.. !#., 
::cr-..enclaturs by :-mt.ual agreeaent. 

b:--eccia that tends to stand in steep slopes and in =amy places 

!o~s the lower part of the walls of the canyons of the Pajarito 
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Plateau. This 1a the Otowi ~.J It 18 named trom 

typical expotturea in tha Otowi eecticm o£ the Bandelier Monu

ment. Tho third and higbeat sub-mdt 18 a wlded t.utf that 

forma Tertical clit.t'a along the canroaa ~tile plateau and in 

placu utend.e high em the tlaaka Gr the Sierra de loa Valles • 

It alao occura in places 1n the coUapaed area or the .Jemes 

Yolcanie eer1ea. 'l'his baa ben naMd the fahirage ....tHtr-f 

from the Tahireze ruins,_ a centrally located ruin on the Pajarito 

Plateau. 

The Cuaje mer.tber rests d.Uconf'ormably on •11 the older 

roel'.s with which it ia in contact. Thia member 1a a white 

lu."'lJ) pumice or lapilli tut.r that ra:·tges from a knits adze to 

nearly 60 teet thick in the area. It ia thinnest to the east 

and aouth where it pinches out on higher parts o£ the basalts 

of Chino r.:eea, and it thickens to the north and west. The 

thickest lmovn section is 1n hole Rl9 1.n loa Ala:los Canyon 

where it is 57 teet thick. The best expoauree are alone 

Hif:bwaT 4 in aec. 21, T. 19 N •• R. 7 E. • and just north of 

well C) in Cua.je Canyon where the pW!lice 1a bein~ r.:dned. The 

meMber ia compoaed of unconaolidated pumice which is generally 

maas! ve except for an upper 5 to lC teet where good aeh-tall 

bedjinr; is ~:iisplayed.. Thg sis.. or fraotenta range !rom uh 
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to lumps 2 inch•• in diameter. the t1.&len aina are \oWard 
/ 

the top of the lMilber. Pnaent in iad!yu.l pumice trag

menta are tin7 phenoeryata t4 aardc:l1a.a _. quarts. 

The Otowi u!llber repruata a •lD&l• Wck puaice 

now with a n•ll amount or aah-ta11 ,.S.. aDd water

washed debria present 1n plana at the top. !Ilia mamba' 

reata conformably on the Guaje ~~ember 1d1en Uie lattttr 1• 

pre•ent. Et.evhare it reata 41ae~o~lT 011 older rocb. 

Tbe axpoaure belt u eaaenti•llJ' li:&dted ~ the Pajarito 

Platuu. -Through the uponn ltelt the ..-.r eo.sonly 

forma a atup elope below tbe crrerl.ytnc falllrep Ullber. 

Where this slope 18 vi thout veptation the ~~ember ia dia

pla,.ad 1n chalk)" light gray or light butt color and in 

places the slope 1a studded wi.th corut.-abapecl erosion rem

nants, so~etimetl called •tent J"'cb•. Tb.a thiclmeu ot the 

Otowi member ranges from a k:nil'e edge ~o :an than 200 teet. 

It is thinnest 1n the southeastern part ot tha area where it 

pinches out oYer ao:e or the highest areaa ot basalt. It ia 

thickest near the Loa llamoa townaita, and 1n hole Rl9 1D Loa 

Alamos Canyon it ia 215 teet thiek. 

This thick pw:dce now 1a • aut ve aggregate or poorly 

sorted pumice tratmenta with some !ine pumiceous glaaa. The 

aegr~eate ia_aomewhat indurated though eaaentially unconaol

idated. ~nd the fra&mants range from silt aise to lumps ehree 

inches across. Individual fragments are aaal~ered or eaaen

tially ur~ltered glass that ia pale butf in color. The 
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tragmenta contain phenocryst• or aanidine and quarts and • 

few tiny grains ot magnetite. Some trapenta carry a trace 

or biotite and hornblende. Incl.u.Qed a toroip material in 

the aggregate are a t•w r~ ot- rocb deriTed !rcr:1 the 

Tac:hicoaa group. 

'l'heae f'ragme1lta are ma1ftl.~ lat1t1c rocb but acme are 

light ,;ray rhyolit.e. 'l'hey aH aot nenl7 41atributed through 

the rock. and when I!Dat ab\llldant they' eompoaa lea• than t1 ve 

percent or tha outcrop area. In placea ~ t.he top ot the 

mamber are a tn thin beds or uh-tall pU!Iice. Uao preaent 

1n placea 1n thia atrat1grapbic poa~tion ia acme water-waahed 

pumice that ineludea boulders o.t lat1tio rocks derivad trom 

tha Tachicoma group. 

The Tahirege member ia • welded.tutt that represonta 

two or thre• aah-tlow eruptions and 1n places tbe unit 

includes a few thin beda of aah-fall pumice at both the baae 

and top. Thia -umber to%'G2& the moat conapicuoua part or the 

Pajarito Plateau on llh:!.ch it atanda 1n long finger-like maaa 

bounded by vertical clUra that are generally weathered to 

tan or orange-bro1m color. Loe.all7 it extends high on the 

tlanka or the Sierra de loa Vallea. and in places it is pre

unt in the caldera area or the Jeaes !liountaina volcanic: 

series. It reata unconformably on all the rocks with which 

it is in contact • but a ainor diacontondty at the top of 

th~ Otowi 11ember repreaenta a relativelT ahort time break. 

7he thicknass ranges from about 100 to 2CO feet near the 
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eastern margin or the area to nearly 1000 teet at the head 

ot the P..ito d~ los Frijoles 1n the southwestern part or the 

area. 

The character or the Tshirege meaber Yariee. OVer most 

of the i'ajarito Plateau tha rock 1a poroua and triable anrl 

range a in c:olor trom buff to pal a gray. More intenaely 

welded material near the west margin ot the plateau and on 

tho nanka or tho Sierra de loa 'falles 1a comonly nonpo

rous and t;ral" to purplish gray. More or leas irregular 

jointing is tairly general. Locally there 1e well-developed 

columnar jointing. Nearly horisontal planaa aeon in the 

cliffs are in part boundaries between auccesaiYe ash nowa 

rather than beddi~ planes. Individual hand specimens ahov 

s!211 tragmonts or rocrystallised pumice and ntmerous sr.utll 

crystals and crystal fracments or aanidine and quarts in a 

typical weldsd tuff matrix. Dark minerals ara nearly absent 

though traces or crystal fragments or biotite. hornblende, 

and pyro~ene haTe been noted. Thin sections show thnt the 

~~trix is composed of recryatallisod shards and a little 

f1ne-rrained magnetite. 

The available evidence. mainly phyaioeraphic, indicates 

that thg age of the Bandelier tuff is Pleistocene. At the 

time of the Bandelier eruptions, the rocks of the Tschicoma 

group (Pliocene and possibly early Pleiatoeone) had bean 

l!taply eroded. Deep canyons cut in the 'Tschieoma were 
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filled by the Bandelier. Thia 1a.alao true or Vnita 4 and ... 
5 of the roeka or Chino Men. A deep caJ'1)"0ll• preTioualy 

occupied by th'e P.io Grande, had been eut 1n these units a 

short distance vest or White Rock CanJOD. This abandoned 

canyon is now filled with tuf'.f' ancl ia well e2p0aed in the 

Rito de los Frijoles. Another cbanael till 1a present in 

tho east 11all or White P-ock Can:ron.. Here the base or the 

Bandelier till in the abandoned channel 1a only 200 teet 

above the present lovel or the Rio Grande. And, aver much 

ot the Pajarito Plateau the original upper eurtaee or the 

Ba~jolior is etill preserved. 

The nama Cerro Tol~do rbyollte-f is applied to rocks 

-------------------------------------------------------
_/!toss~ c. s., Smith, R. L., Intor:al.coDI'I!\Ulieation. 

Yhich rorrn a group of dor.:es that occur both north and south 

or the Valloa caldt!ra. Th~ name wa.a taken from. Cerro Toledo, 

a. peak in the northwestern part o£ the area. Thia rhyolita 

orops out both in tha northwestern part or the area, between 

tho Rito de los Indios and the Valle de loa Posos. and 1n the 

southwestern part of the area, just south or the Vallo Granda. 

In both places the rocks or th~ unit. crop out on hig.h, for-

~sted peaks. 

The northern exposurns are a part or a complex group o! 

c~ones within an Wlnar.:led ealdera,_/ an earlier collapsed portion 

J 
0oss, c. ~ •• and S~ith, P. L., Informal eommunieation 

----· ---···-----·--------------------



ot the James ~untaina volcanic uri... Jat nyond the 

aouth margin ·ot thea• expo8are. tbe rhJOlite 1a downtaulted 

into the aubaurtaee at the nonh eel&• ot the Valles caldera. 

The expoaurea aouth or the Valle Onude are a part o£ a com

poaite dome whose northward e.xteut.n haa beG 4own.taultad 

into the aubaurtaee in the aoathen pa:rt f4 the Tall•• caldera. 

Moat apecimen8 or the urdt ahow. aot1nabl• band.in& aDd 

are general]Jr light gray in color. n1n aectlolla ahov tiny 

phenocr,.at.a of .a.nidine • quarts,. aDd. a--c.. et ure er 1-

reaorbed hornblende and biotite in a tiu-cralDed ~ 

that u commonly microspheral.1t1c and componcl ot aanld1ne 

and aUica. 

Th-t domea were extrnd.ed prior ~o tha erupt1ona or the 

Tahirage member or ~ Bandelier tutf ~ch uncCDtor=ably 

overlies the da~•• ~diately north o~ the Tall• Toledo. 

Th;;ty probably wore extruded toll~ t.be erupticma ot 

Ross, ·c. s. and Smith, R. t .•• Int'ol'"DI&l coaaunication. 

the Otowi member or the Bandelier tutr • in Pleiatocen;ftime. 

Cerro Rubio quart• latite 

The Cerro P~bio quarts latite baa been named by Roaa 

and Sr.:lith J from exposure• 1n the northern part ot the 

Ross. :. s •• and Smith. R. L •• In.tormal coatunication. 

Lcs illamoa area where tha unit erope out in tw conical domes 
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t-.d1ate17 north or the Valle cle loa Pollolr. lotll ••••• · 

Carro Rubio em the ••th and the ..... a peak !aecliatel.J' . . 

north• are jut beyoncl the margin est the Tall• alAiera. 

The rocka are light t:n7 ~ to clarbr CtWT SA 

aomewhat glaa.,. epeciHu. At c.rro Jb&bio th.,- wat.her t.o 

a grayish red. Spec~ ehov tir17 ~au f4 plqio

claae. h,.,..rstha. • and 110r. or 1- reeor1led JaonslJlAmcte 

and biotite 1D a t1n.e-cra!Dec:l gr;o..,.._• et pla,Soelu•• 

aan1cl1ne • and •111ca. At. ~he west aida or Cern lahio tU 

unit intrud.ea the Cerro !oledo ~t.e. lt t.M Mat aide 

ot the dome the !ahirege Mmber ~the Bedella- '11f1' Uu 

uneontormably apinet. the tpr.art.s latite. 

Tally rhlglito 

,.he Tallea rhyollt.J forma~ dt••• td.thill the 

Rosa • c. s •• Smith• R. L •• aDil GrieP. I. t •• 
Nomenclature by !IU't1lal a~. 

Vallee caldera. Th .. e domet~• nth a taf.rl.7 beaT foreat 

cover • stand abcn-e tbe present-day cran-oo'ftl"ed tloor oE the 

caldera and they ranc• tror:1 rela~1Wl7 -n 11Uh to large 

mountainous •••••· The amaller 4caae as-. aab-roound 1n plan 

and aub-conieal in cron Het.ion. '1'he larga- oa.• an com

pea! te ..... or several dome a ancl an !ION 1rrecUlar 1n plan 

and cro•s eection • but they have a mere or lue domal upper 

surface. The baaes ot theH domee an covered by late:r aedi

~ants that partially till the Vallea caldera. 
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Where there btw been a =1nJmwa of aroaion the outer 

parta oE the dc::aee are a jullble o~ blockT pwdce and. 

pumlceoua gla .. 11h1ch ranptt t.roaa white to 11gh.t gr&J' to 

pale pink. Toward the interior o~ thia outer sone are 

loeal areaa o~ obaidian. Farther 1mranl Qe clu•7 CZ"WWt 

gina ay to alicbtl7 poroua 11&bt &N7 riq'ol1t• tha1; b 

•lightly glauy and commonly aplle;ra11t1c. Ia ...-. deepl7 

eroded parta ~ the domM the roob an li&ht 11'7 • tia.e

grained. rhyolite. Thin aectiou ot -•tfa117 all the 

rocks ahow abundant nall phenocr,ata ~ -icline and quarts. 

Some sectiona ahow tiny phenocryata oE horllblude ami/or 

biotite. and a. rew sections carry a trace o~ plagioclase 

phenocrysts. The ground.'2Q ot the non-glany ro-cb 1a 

san1d1ne and s111ea. 

The Valles rhyolite is the youngest igneoue rock of 

the area. The doaa were extruded in the Valles caldera 

following the explosive eruption o£ the Tahirege member or 
the Bandelier tutr and following the collapae o~ the Valles 

caldera. '!'heir time or extruaion was Pleiat.ocane. 

Caldera .t'lll 

For some tL~ Eollowing the collapse ot the Valles 

caldora a lake occupied the steep-walled depre•aion. and 

in this lake a sedimentary !'Ul accumulated. The !"ill is 

poorly exposed and ita eharacter 1a known mainly from teat 

holes drilled in the Valles caldera during tho summer of 1949. 



(s .. ti:a. a - 10.) Itt ccmaiata ~ ~~. clayey aUt to 

•Uty ela7 • aDd mar inclw.t. aoa PJ'l'OC~ic clebria. 

lwrtac• •xpoauru ot tile caldera till an poor aa 

th1a till u alaoat 0011plet•17 eO'NI"N b~ later 4epoa1u 

or alluvial tan ancl terrace uterial. Ill the Valle Toledo 

elaJ'•Y all t cropa out. in aeYeral placu alone the edgea or 

terracq t.hat are pn•ent OD Mth a1clu ot the 'Ialley. On 

the south a1d• o.t the nll•7 the corrr..u ot the aUt with 

overlying terrace aterial 1a -.rbcl 1n tile ectp f4 the 

terrace by a alight decllvi~ •loa& which aneral wet

weather aeepe occur. The beet Ull08\ll'e 1a tba nllq 1a 

a few hundred feet aouth o£ bole B4 where about 10 teet ot 

clayey silt uy be seen. The beda an olive colored• weather

in;; oliva buff to light gray. The be44ins rupa from fairly 

2ssi ve to thinly la.-::inated. Some •terial ecmtailla auaeroa. 

diatoms. At another exposure tho a.tlt rangaa £rom clayey to 

sandy and contains pebbles o£ pumieeou glaa• aDd rh7c11 te up 

to l inch in diameter. In the Valle Grancle two nry azall 

axpoaures of clayey silt c:oatainins~ pebblu o! rhyolite bavu 

been noted. ;tare the 1"1ll 1a ... entiall7 eOYered completely 

by later deposits ot alluvial tan anJ terrace material. Alonb 

the ~ast side or the caldera thero is a complete cover or 

alluvial fan depoeits. 
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In t.he aubaurf'aee the caldera till 18 known trom 

well eutt1np troll 15 holea that rap from 2.85 to l.ldS 

teet de-ep. The cuttings abov that the aediaenta are clam-

1nantly gravel. which ponibly !.Delude• 80118 .. _prroclut1e 

debria • and loaa important aoan" o~ ailty elar and claysy 

aUt. The gravel. with 110ra or leu adDd.xed llarul and silt. 

ia composad .. inly of pebblea •~ ~t• to llcht gray pumice 

and pumiceous glau which inYaria'blT ahowa t1ay phenocrrata 

ot sanidine and quarts. Soma p1ec• show UDr phcoc1"78ta 

ot biotite. Other rock typee reprw••••4 1n the p.bblH 

are rhyolits, ,a.aaa, and porpb.J"rit1c lal1te. !'he rtarolite 

Tl!riea in t)'Pa bttt probably the Met ~~~ nriet)" 1a 

light gray • "'ory tinoly porous, and llicroaphenlitic. Most 

piaees have tiny phenocryata of sanidine and quarts. Soma 

show tiny phenocrysts ot hornblende. tha pebbles or glass 

arG gray to black obsidian. and those o£ porphyritic latite, 

which are relatively uncommon, are purpliah gray with white 

phenocrysts or plagioclase. 

The ran~e in size or the gravel ia probably larg•. 

The l~rgest whole pebbloe that wer~ washed from the teat 

holes by artesian WRter discharging at the land aur£ace 

ware about two inches in diamet•r• Rowo~er. it ia 

3USpected that toward the margins Of the rbyolitQ domes 

and rAar tho scarp or the caldera particle aisea probably 

range to lnrro bouldere. The admixed sand in the gravel 

is eompos~d of cryst4l5 and crystal fragments ot aanidine 

and quartz ~nd particles of pumiceotUJ rJ.a.as. Silt s1sea 
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that are preaent 1n aomo beds or craTel are t1De rh7olitic 

material. The beds o~ cla7ey aU~ aDd aUty clq whiah 

occur in the till are very characteriatic. tluay range trom . 

hrovniah olive ~hrough olive craea ~ olln butt and are eom

poaed of fine rhyolitic mater1al act TaJ"7'1q lliiOUilta or clay. 

Some or the cla7 bed• oont.airl appred.able UIOWS~• o£ crave! 

and uny cODtain abundant diat• r-iaa. 1..-.ral apeciaena 

examined microecopically by Bon aacllrd.~ ehowe<i YeJ7 rille 

rhyolitic material and JIOlltlaOril..l1te &,e clay. 

In the Valle 'l'oledo the cla,..,. .Ut and •Ut7 clay beda 

aro interbedded in. and intertincer with• a main bociT o£ 

gravel. (Sea figa. 8 and 9.) b 1Dc:l1cated by expoeurea and 

teat hole data a single section o~ clafe7 beda clo.a to 100 

fGat thiek in the ViCinity of hole Jt4 thine .aDd 1nterf'1ngers 

with gravel.to the east. Clayey beds preeent at deeper levels 

in hole fU disappear eastward. Little data an uailable aa to 

the extent ct clayey material toward the north and aouth aidea 

of the valley, but the log o£ hole BS and ground-water data 

indicate that sooe beds extend for conaiderable diatance to 

t.ho north but pineh out be!"ore rttaehing the caldera wall. 

In the Valla Grande a thick body ot clayey ailt and 

silty elay overlies a main body or gr&Yel that may inelude 

some pyroclast !c debris. The logs o~ holq B7 to Hl2 and 

Rl5 (fie. 10) shaw that the thick body o~ clayey material 

!8 best daveloped in the central part of the Yalley where 
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it 1.a nearl7 )00 teet thick and \hat it 1Dterf'1qar. with 

gravel toward the a idea and head. ct the val.lq. 'the upper 

part ot the coarse •te1&1 beuat.Jl the el.aJeJ bod7 ia 

cle.ti.nitalr gravel u worn pi~ .. of paraice and. rhyolite 

were recovered troa ho1.. H7 ·to Bl2 aDCl ns • but a alight 

poaa1'bility o:iata that eoae •terial, parUcularl7 1'rola 

the deeper part. of hole R7 which •xteded to nss feet, may 

repnaant PJ'1"'0Clut1c debrla. 

A.long ~ eastern aWe ~ '&he a.Uara • ..unal.8 taken 

from hold Hl) and Rl4 wre 1Ddef1a1~•· !be writer ~ ...... 

that the upper part ot the calclara t1U 1D ~ area 18 

gravel and that. this gravel pon1bl7 .a7 II"'&Cle 4cnmwarcl into 

pyroclastics. 

The materials composing the calden. f'Ul wre derived 

mainly rrom ~he pumiceous cruata of tha rh7o11te 4omea that 

oc:c:ur within the Vallas caldera. The paiee graYel and nc:h 

o£ the clayey silt .-nd •ilty clay are produeta of th••• 
eru.sts. The partially gl.aaay to tine-grained rbl'olite ca:ne 

from sli£,htly deeper portion• ~ theae 4=- and from the 

interiors of taulted domes on tha caldera rim. Latitic 

pebbles 1n t.be fUl. preaent in YftT minor amount except 

in th:) lower part or bole H7 1n the Valle Grande • are f'rom 

the caldera ri:a. 

The ac:cum1lation or the c:oanre materials in the caldera 

probably was rapid. An abundance of' loon ru.terial waa avail

able in til'!'.es past. ~ven today there is 1n many places an 



abtmdance t4 looae debria on the eteep ~opea fd the 41-. 

Sttc:h debria could han been rud11T ocned to the edge ot 

the lake by the Mlt waters hca helr9r n.tatoeeu anon. 
/ 

It alao seema poaible, perhaps probable, that the lake had 

tormad be.tore the emplacemazit ot •- ot tiM •-- ud tha-t; 

during endogenou growt-h their qpantlinc aD4 craetdng eruta 

may have contributed debrla cliNctl:r to the •ter. 

The meehaniu or •ch&Di- Uad earrl.ed the &nT•l.e 

out into the centers or the Valle Toledo aD4 part1cml•r17 

the Valle Grande are unknom. it .U YWJ ltqtmlillg ot 

deposition weh debria raay ha'Ye nad1l.7 1I01"'ked iu .. ,. down 

eteet ander-water alopes to the oea.tral p:art. 0~ cleep uaiua. 

So,11ewha.t. later it seas probable tlult 4elta-Uke accu:uula

tiona built up at the margin.a or ~ ~·· adjacent. to the 

interior domaa and the ealdera rim. Jluch clebrla may baTe 

slumped~ poesib~y under the 1.n.tlunc:e o~ latta ldnor edjuat

~nta 1.1'1 the lower part o£ the caldera, troll the outer parts 

of thase de~ta-liko accumulat1ona a!ld worked outward into 

deeper water. And in part wch pumiceous uterial may have 

floated out to deep water and aank a.tter bacomint ater

lcgged. Lastly. 1t is poasible that large quantitiee or 

zravel :nay have been depoaited at ti~~s llhen the lake vu 

d.ry. The clayey ailta and sUty e1aya are normal lake eed1-

~onts and ara \est develcpod tar out tram the a~eep elopes ot 

the caldera. f!0 wever • the lateral development or thin zonae 

of silt and elay in t.ha Valle Toledo indicates that y:tere werr 
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timea daring the deposition ot the tUl when little coarae 

debris was being -.shad into the depre .. ion. 

1 The age of the caldera tW. is Pleistocene. Plant 
I 
SJ.Ores from the upper 40 feet ot sediments in the Vall$ 

Grande examinad b7 Paul Sears .and Catherine ClitJby.J are 

J 
Sears, P •• Yale t1n1veraity, and Cliaby, c •• Oberlin College, 
Intomal CO!.'!mn1n1cation, 19.52. 

bel1aved to have been deposited in the laat 2s.ooo years. 

Ir the deposition waa relatively rapid• as 1a bellevcd, then 

the entire !111 probably ia late Pleiatoeene. 

All UViU!l:l 

Pleistocene and Recent alluvium is present aa terrace 

and fan deposits in the Valles ealdera·and as terrac9 and 

streac chnnnel deposita along the Rio Grande and aome of its 

tributaries. 

There arg two sets o! terraeGS in the caldera • The 

!i.iehar set is repr.3santed by two small remnants !n the sout!-1-

~nste~·part of tha Vall~ Toledo, and one small remnant noar 

the head or th3 Va1le Crance oeeurs just above an altitude or 

a.sc~ reet. 1hese small remnants are capped by a veneer of 

sand and t.ravel composed of various types of rhyolitic mate

rials. Tho reonants ~~d their veneer probably are the 

rer..ains of a lake terrace. The lower set of turraces is well 

jevelope>.d adjacent to the drainage in both the Valle Grande 

and Vall$ Toledo. These terraces are related to the str~ana 



to whieh tbe7 an ~t .. tJleT alop. to.rd the axoa ot 

the atreae aD4 thq uaduall7 8lope to l.oiMr elevat.ione 

d~. tbeT are capped liT a ~ ~ aut. and. and 

g;nr~el cocrpoH4 chien,. or •rto.a. tJPU ot r.byoUtie mate

r1ala that range from about 10 ·to 30 f•t W.ck. 

!zt~"TC l!PC"d troa the ateep al.clpMI ot the caldera 

rim and. ~ tro:s the interior l'b.7ollte .._. an. al.11rr1al 

f"ana which exteut.t onto and are la'C.er tbaD the loll ut or 

tarrae... Then tau are COIIJ'G••4 •S.aJ.T ot ua4 an4 

gra.Yol hut contain •ch aUt. -n..e •tar~ h&Ye 1:MMm 

Jerived ~ the 'bedrock units troa wldeb tM tau extend. 

:Solov the low terrae: .. and adja.cant. w the atnua 1n the 

ealdora 1e a n&n"OW band or cba!Ule.l a.l.luviQa. Thi• alluvi'W!l 

1a eo~oe$1 of' el.ayey to silty sand aDd gnnrel -.de up uinly 

or rhyoll't1e d.eb.ria. 

In the eastern part ot the Loa Al&!IO« area aor.ae addi

tional allUTitm oeeu..-s along the !1o Crando and a ~er ot 

its tributar7 canyons. !etween tha Pure .-carpment and the 

:t1o Grands thero 1a a low terrace that elopes to t.h4: Rio. 

It a capped by a veneer ot eUt, eand, and gavel, probebly 

le.us than 25 raet thick. that is composed sainll" ot lat!.tie 

::ater!als derived frcx:l the Puye conglccerate. IrmaocUately 

adjaee::t to tho Rio and to aome of ita tr1b.utaz7 canyons and 

a..-roy;,s 1a 80!"10 chnnnel alluvim:a co.npoeed or a variety or 
~torial.s. ':'hie ehannel alluvium rans;ea !r= a thin file tc 



about 25 !eet thick a.ncl locall1' couiat.a ot fairly clean 

nnd and gravel but in I108t placu it cont.aina conaiderabla 

allt. 

The rocka (4 the Loa &1- ana an related. to the 

Jtio Grallu depruaion• and 1me1J" IWRory 1a 1a lar&• part 

a history or thill dqruaicm .- tw ~ YOlcu1•· 
-

Pertincmt history bitgan with ~- f'...U. or tJut lo1lthern 

Reeky Mountains and post-Cretacuu 1aplitt ~ the ngioa. 

The oro£enic pha ... or the 1101Ulta1a pfldtq .... to ha'Ye 

pau-ed into broad regional upl.ift aftd. arc!Ua.c before the 

end of early Tert.iarr thle. By nd.ci-Te:rtf.arr tiM• probably 

in part as a reault or arching ~ alongatioa ot the earth '• 

crust~ the faulting that gaYe riae to the Rio Grande depree

sion began. As the complex ritt valley aube1dec! relatin to 

adjaeen~ highlands • the Santa Fe group aCCUDtU.l.ated u a 

fault trouZ}l fill. Accompanying the d1aturballee ot uplift 

and concomitant nor:ul faulting the Tolcanic rocka ~ the 

Los Ala=a area were enxpted. (See fig. 7.) 

In the latitude c!" Loa Alamos the seilaenta o£ the 

Santa Fe ~oup were laid detm as coaleacing alluvial tana 

and alluvial plain depoeits. For 1ilie moat pert. the all.u

vial debris vas depoeited by atreams and rill• pa•aing 

westward fron1 the Sangre de cn.to Mountaina and. depositing 

their loads 1n the adjacent valley. It 18 eatimatad that 



:sore than 75 percent o~ the al.l.tni.al. clebrU eoapoaing the 

Santa Fe came· b'oiD thU raountain block. the -tarn bound-
J 

I ......, ' 

ary and the structurally h1ah aide ot the Rio Cfttnd.e depres-

sion in the Ticinit7• The upJ.aDation Eor thi8 predominance 

of" easterly •terlal•• larplJ' 4er1nd tn. Precaabrian 

aourcea. UJ' lie in t.he atntct\11"'8 ot tJul blocks that bound 

the depreaa1on. the Preeasbrlu rocb DGV atand nme 6.soo 
teet higher in th• Sangre a Cr!.a't•· .... th.,. reach an 

altitude or 13.,000 teet. than at the weft aide oE the clepru

sion. where they reach an dtitade ot oaly '•'00 teet. It 

the extra 6.500 feet or rU. ot tJa. eutet"D block occurred 

during the depoai tion o!" the ftllay tm. then it r4tera 

an explanation tor the dominance ot autarlr •ter1ala 1n 

tha valley till. (See fig. 7 .) 

ETide.nce that sedimentation acCOII)WUed aplll't and 

faulting during the !ormation o£ the Rto Grande depnnion 

is believed ample. The alternation ot alluvial tan and 

alluvial pl~in deposita in the latitude o~ toe ~· 1a 

ono line o£ evidence. At the east aide of the dopreaaion 

very coarse and bouldery alluTial tan elemente are coa

::tonly underlain and overlain by tine-crained• well-bedded 

alluvial plain deposits. 1'he beat explanation ia a control 

of gradients and £ac1os by repeated faulting. Following a 

stace of faultinG and relative u.plltt of the bounding aoun

tain block. a typical tan would have been built up adjacent 
-

to tho ~untains. As deposition continued• gradienta would 



have become leaa and lese ateep aa the mountains ware 

eroded and the· level o£ ~'le depraaa1on nocr vas buUt 

up. Eventually, thick sones of tine-grained• well bedded 

materials voul:l encroach eastward tnd overlap the coarser 

!"an deposit. Repeated faulting would. have started a now 

cycle. 

It also aaoms neeoaary to 1nYoka 8CIII8 .taulting aa 

a means or explaining aome atructure within the Santa Fe 

group. In places eaat or the Loa Alawoa area tnmcatad 

bods or the Santa Fe group are overlain by bed• showing 

less dip. The tilting ot portions or the lmit beneath 

unconfor::itios C1.Ul be explained beat by faulting in the 

L~terior of the depression. 

There is still further evidence .in the presence or a 

· faw nn.rrow downfault.ed horsts o£ Pennsylvanian limestone 

that oceur in places alont~ the east side or the Rio GranJe 

'Jeprassion. These horsts were dropped into the depression 

bsrore tha thick cover or limestone had been largoly oroded 

from the adjacent mountain block. And lastly • the preaanco 

or interboddc~ basalt in tbe Santa Fe group 1nd1catee that 

ieep-saatad !'ault:J WJ}Jre open at times during the formation 

of the deprassion s.nd the aeeompanying deposition. 

Durin~: thQ latl3r sta:;as or Santa Fe tice the James 

:1ountains volcanic serins began to aeca~ulate along a fault 

sone at the west nart;in CJ.f' t!le deprees1on. Possibly tho 

fir5t stages of the development or the volcanic rocka• which 
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are at the western •rgin o£ the depression •. are marked by 

the lowest basalts in wells G) to OS in the Loa Alamos area. 

And it is only abov~ the highest basalt flow in ~ls 04 ~~d 

G5 that unquestionable debris trom the latitic flows or the 

TaehieOM group appqra. It ia probable that. the lowest 

~salt nows in well G5 mark the 'irat. rupture of' the 

earth's crust at the western margin ot the Rio Orande depres

sion in this latitude and the sequential deYelopment of the 

Jemes volcanic pile. 

As the thick and pasty lat1te ttows or the Tschicoma 

zroup were erupted they moved eaatward into the fault trough. 

In th~ beginning some loose material f'rom the news vas 

washed eastward whore it mixed with easterly derived mate

rials of t;he Santa Fe eroup. Slightly later • following 

· some raulting which tilted tho Santa Fe. tlla ancestral Rio 

Grande a.ppearcd. The evidsnce 18 in the 'I'otavi lentil of 

the ?uye conglorn.erate. This lantU, largely channel tUl, 

rests ~~conformably on tho Santa Fe and in places alone its 

W9St r,-.argin interfilll:Ors with t.he latita flows of tho 

Tschicoma group. The overlying main body or the Puye was 

icpozit~d as an alluvial fan, apparently as the latite flow5 

r~achcJ the climax or thoir development. Ross and Smith_/ 

:r--------------·-------------------------------------------
T:oss, c. s., and S::ith, n. L., Infort!!al communication. 

----·~_.._ ___ . ._ .... __ _ 
hnv~ noted that the Puyo and flows or th9 Tsehicorna croup 

int~rfinccr to the north of the Los Alamos area and that the 
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uteriala ot the tanglOIJHirate were deriYed lar;•lT from 

brecciated portion• of the tlows. P,ronne and .. itea of 

the r.chicoma group were erupted ~ later. 

Whilta tbe coarsely porphJrl.tie la~it.. wre baing 

erupted tro. near the vat urgiD fd ~· JU.o Grande deprea

aion. and were pouring eaatwarcl into it.• baaaltic roeka 

ware being erupted in the 1Dterior ~ the .aa,n .. ion at. the 

site ot Chino Mea&. thdu 4 aDd S ot th- Maalt1e rocka 

were erupted conte:nporaneoul7 with the 4epM1t10ft ~ the 
. (,5 -

Puye congl,omerate. {SH P• .,_) !he ~iou tolland 

and probably wre in part contemporaJleoU with a period ot 

faultin& in the interior ot the clepreaatoa. At the head ot 

a small canyon tha~ 'breaches the east wall fd White Rock 

Canyon the lowest now or Unit. S reate. ancontormably on 

· sediments of the undifferentiated unit of the Santa Fe 

croup, and beneath the sur!"aca ot the uaconf'ond. ty • trun

cated fault is visiblo. Farther southward 1n the canyon older 

and older nows of Unit 5 appear. and 1t 1a probable that the 

Santa Fe was being tilted •outhvard dur~ the in.itial atahea 

of the basaltic eruptions. 

Thare was a short period o£ eroaion follold.n& the •rup

tion of the flows of Unit 4 and the end ot depoeition ot the 

?uye conglomerate. An easterly sloping ped.iment tbat atanda 

approxL~tely 400 feet above the present drainage ot Ouaja 

Canyon was cut on tbe Puye. Thia ped.iment • now capped by 

Ba.ndelier tuff • is well developed adjacent to Guaje Canyon 
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in the rlcini ty ot walla Cl to cs. tater, pouila]Jr t.Ga.rd 

the end or t.bia cyele or eroa10Jl• the pecUaent wu partially 

clisa•cted, and a lower aurtace vaa cat OD the Puy. near 

Totarl. The relation kw.en ~ wro nrtac• ie a curJ.oua 

one • but it appears that the lowr-.. cln.loped u the 

reault of the Rio Grande •kiq a lecal W8t-.rd ahUt and 

that it ia ••entially correlatiw 111&11 th• laiaher aurtaC?•. 

Both probably are a pal"t of' JrraD'• ..U Ort.1s n:rtace. 

Following thia cycle o~ eroaioa a 4Mp ea.,_ we out 

in Unita 4 and .5 o£ t.ha bdalta ot ClaSDO Jlda. '!'Ida oan)'OD, 

now filled. by Bandelier tuft, 1iu Olll7 a ahol"t diatance 

west o£ White Rock Canyon. -'8 the baaalta ot Uait, ) welled 

up and !armed eteep..aided maa- they blocked the tlow ot 

the Rio Ora.tlde and the old alluvium preaent near Totavi and 

elsewhere vu deposited behind the ataep -....e aa the Rio 

was blocked. Slightly latU» two baaalt nova eal'H into 

the area f'ro.'n the southeast. Thaae tlowa repreaented by 

Unit 2 of the Chino :~au erupt10ft8. Then, tol.low1na an 

indefinite period or erosion. the laat ~~ic act1?1ty 

oi tha area oceurred. The eruptions were very local and 

are represented by Unit i. 

The last igneous activity ia represented by the roeks 

of the Tewa group. The eruptions COIIIltlnced when a rhyolitic 

:~ag:11.a worked upward beneath the. eentral area ot Jemea vol

canic series. Upward !!Krf'er:Jenta oE the magma eventuallr 

.fractured the overlying roeka and uploaiona threw out 
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punice u the upper level o£ :aagma wu expoaed to atmo.e

pheric preeaura. Thia pumice dropped aa uh.-tall aat.erial 

to !oi"!Jt the Ouajs :a-mber or the Band•Uer tuft. With leae 

con!'inement the re:naining magma 8V£ad upward, and aa dis-
\ 

solved volatiles eacaped rapidly. creat-·'TolU~Ra o~ pumice 

wre expelled upward. Tbia pumice reached the crater area 

in too large a Yolume to be thrown hip h tha air. Instead 

the ataterial swept down the nuka o~ the .olca1o pUe aa a 

granular-type pumice or aah no.. !he de'bria - 'YvymobUe 

and rushed acroea the Pajarito Platea11 on a CN41ent ot acme

thing like 10(.) to 150 teet per llil.e. !h1a aah 1'lov and a taw 

very thin beda r4 ash-fall pwd.c. that wre \he product of 

~inor ~~osiona which nearly completed the •~cuation of 

the ~gma cha.l'flber are represented by the Otowi umber or the 

Eandelier. Sooe eollapse or the crate~ area !Dto the nearlr 

9~pty ~~~ chamber rollawed-' t then the 1.-t portion o! 

Ross .. c. s •• and Smth, R. L., Informal coJIDIUtlication. 

'Volatile-poor ~r:n'.a was erupted to rom. the domoa of Cerro 

Toledo rhyolite. 

Sor.1awhat later • d.uring a relatively short period of 

erosion on the Pajarito Plateau, the Cerro Rubio quarts 

latite do~es were intruded in the central part of the volcanic 

pil,3. :Jy this time final activity wu developing. Additional 

rhyolitic l'JS.~.a worked upward beneath tho pruent site of the 
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Vallea c:aldera and under circumatanc .. a1m:11ar to preTioua 

ei"Ul'tions the · culninating cycle began. A ..U. uaount o! 

a..ah-tall puaice firat waa thrown out. !hie we followed 

immediately by large qaant1t1• ot paiceoua uh and pwdce 

that swept a.croaa the gentlT sloping Pajari~o Plateau as 

ash nows. '!'bough it 1a dit.tlcult t.o be certain• there 

appeara to haTe bun either t.vo or three tlow 1ft rapid 

euccea•ion. Unlike tho Otowi ~iorl th1a .at.er1a1 car

ried w1 th it autf'ieient hut ~ lead w a f'a.lrl7 complete 

recryatall1aat1on ot the pumiceaaa Mtt.er. b a reeult ot 

this recryatalli•ation, the ~1: portia or the Tahirege 

met1ber of the B&n>ielier waa couoliclatecl. A little ub-!all 

purdce at the top a£ the member repreaenta t1Dal. explo.ion 

or minor magnitude. 

The collapse o£ the Vallee caldera followed. Within 

th3 caldera the domes ot Vallaa rhTolite ware extruded, 

possibly over a rather extcmded period• and the eruption• 

of tho Tewa GrOUP eame to an and. 

Tho last .n:eologic activity o~ the area conaiated or 
faulti:1g• the f'1lling and draining ot the lake in the Yallea 

caldera, and the erosion that cut the eanyou of the area. 

So!:le lata !a.ultin;; occurred along a north-couth a.xia 

nr.?ar tho west ~d€• ot the Pajarito Plateau aa recurrent 

~ove~ent on pre-existing plan... Tho P~jarito fault sone 

is one of the ~oat noticeable o£ theae faulta. At the south 

edGe or the ~P this fault zone abowa approximately )CO feet 
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of throw oa the top ot the kndeu.tr tut~. Going nortJNard 

the son• apUta into two branohe• ad thtl· poet-Bandelier 

1110Yeaent cliea out. Farther north are two other tault• 1D an 

en-echelon poaitfon to the Pajarito sene. t7ftlike the latter 

sone • both dip t.o the west. !he weaterl7 o~ thtt tvo over

laps the northward utenaion of' the Pajariw t'ault and in 

the area o~ OYerlap. jut weat ~hole 'r4, there 1a a abal-

1ow SJDcllne that. 4neloped • a· reaUl.t; o~ taultill&• 'l'hu 

ayncline diee out to the •outb• !he .at •trtv17 of the 

two hulta ent.en the area froa the DOrt.h aa4 41u out near 

the head or !ayo Canyon. Both taul~• aJaow 01117 a -11 uoun:t 

or throw on the Bandelier. On• baa a axSJiaa throw or about 

50 teet on thie unit. The moat -terl7 ~tile two. howeTar• 

may have a throw •• great aa .500 teet on the Tachieoma voup. 
There are alae a few northerly-u-.DdiD& taal.ta near 

the east edge o£ the area. about 1 mile eaat or 1.'otavi. 

These !"aulta have only a few .teet ~ throw at their expo

sures • but it aee!IS possible that they 11a3" be aaaoai&ted 

with earlier faulting that may be important in the nbaurface. 

The previously diacuaaed lalca occupied · the Vallee caldera 

in the latter part o~ Pleistoeene time. bu.t it was eYentually 

drained by the headward extenaion o~ Jeraes Riftr which ha8 two 

.forks that now ex.teriCI to the eaatern aide ot tbt caldera. The 

deep canyons of the Pajarito Pla~aau were cut mainly during 

the latter part ot the Pleistocene. 
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lt;A'l'g RE§Ogcp 

GOERAL ce»mmoffS AJm IIISTORICAL BftCH 

Loa Al.luloa with a pop\llatioll ~ al>o11t u..ooo 1n 1953 

1• poorly located with rupect to • aourn or wter supply. 

An adequate aource ot eupplr tor a population of more than 

about 3a000 ~annot be obtaine4 in the *--ecl1ate Ticinity 

o~ the town. The condition aron ~ a laek ot knowl

edee or the •tar ruourcea ot ee ana aDd a llUlber oE 

changes 1n plana as to the popslt.ion o~ tile town. Wben the 

location was seleated hurriedl7 1Jl late 1942 •• oce of the 

project lites tor the development or ~he atamic bomb, it 

'!!18:8 believed that the project would l'lltYer require a large 

torce of personnel and that the aite would be abandoned at 

the and or the war. Hence~ the ..n· arsount ot aurface 

water readily avall.able on the oounta!n a1ope juat vest ot 

the site appeared more than adequate tor the projectta needs. 

In the beginninr. it was believed that the flow or Lcs Ala!""..os 

Canyon alone would be adequate. .R'oweTer • the expectations 

that the project would re~ sm.all and that 1t would be 

abandoned did net oaterialisa. The town grew rapidly troo 

its inception and in tha early part ot 19~3 exceeded the 

population anticipated 1n original plaM. Aa it continued 

t.o grow during tho war years, the water oE all tho nearby 

str9amt and springs on the east slope of the Slerre de los 

Valles were developed. This entire flow was surrieient !or 

~ population o~ about 3.000. The population is raported to 

hr:.v~ r-eached 7 ,t.iOO in 1945. 



After the war, it was decided to establish the town 

as a perrr~nent. center !or nuclear research without knowl

adga or the occurrence and availability o~ additional water. 

Howaver • the crucial nee :I for this 1ntormat1on was realised, 

anu the firn of Black and Veatch, Consulting Engineers, was 

ang~ced a~~st imaedi~tely as water-supply consultant. An 

examination by this firm showed that eurtace waters present . 
in strea.:'!'.:s in the Valles caldera. 10 miles west ot the town

site, and in the Rio Granda• 10 mil.ea to the east. could not 

be elail:ed for use (Lawrenc~, 1946). The waters or t.heee 

streams are consi.:i~rod tully appropriated, and it would have 

b~cn necessary to purchase water rights ror the town. There

for7 ~ ;;round-wnter exploration was begun by the firm in the 

darly part of 1946. '.!.'he first explonl'tion was in the vici:l

ity of the tio Crnnde, a~d this phase of exploration ended 

-;nth tho co~plet!on or wells Ll to 16 in the Los Alamos 

Canyon well ficll. These Hells. ranging rro~ 870 to 1,965 

~"'eet 'lecp, obtained water frort t.hu Ul'ldiftorectiated unit of 

tha Santa Fe and -.·mre completed nonr the end or 1948. 

Lone bsfore wells Y~l to L6 were completed, plans were 

ls:!.J for additional expan~!on of too Alamos~ and doubt 

i~ ~hich th~s~ w~lls w~ra being co~pleted. AA tha wells 

• ... o~~rrJ brourht into production it was found that their 

1,.:ntar L1vols jeclineJ fairly rapidly. The possibility that 



the rapid decline would continue led !lack and Veatch 

to the docisiQn to attempt to locate ground -.ter in the 

eastern part of the Valles caldera. A tew shallow test 

holi:ts war~ drilled it'\ tho caldera by this £1m in the st:mt

oer o£ 1948 - beror~ wells Ll to L6 were completed in Los 

Alamos Canyon. 

These shallow test hole•, drllled under the immediata 

supervision or H. T. Stearns. indieatecl that an aquifer waa 

present in the ealdera and that add1t1onal at\ldy 'NUl advia

abl~. This additional study wae made by tbe Geological 

Su.~ey durin~ the summer or 1949. W&ter 1n autticient quan

tities for a aupply was found• but pumping testa indicated 

that the withdrawal or water trom the small ba.ein would 

affact the flow of streans that drain the caldera. 

Therefore the attempt to ~evelop this ground water 

~.'IQS bn-:!oned in the tall of 1949 • and exploration by the 

Ceolobical Survey ~hitted back to the Rio Grande area. 

rive additional wells WGr9 developed in tbia area betwsen 

the summer or 1950 and the fall of 1951. These wells. Gl 

to G5 in Guaje Canyon. are all about 2.000 teot deep. anj 

like tha six W"alls ( Ll to L6) eottplated between 1946 a.1'l:l 

obtain ·.mtar fro~ tho undi.fterenti.tted unit oi the 

Santa 7a f.roup. The two groups or wells now supply m1nrly 

ona billion gallons of water ann~y (nearly 3 mgd) and 

furnish naarly all of the vatar usod by Loa Alali"D&. How

~ver, tho s=a11 surface-water sourees developed during the 

'>mr ~:-1! still in use, yidldin.r from one-hal! to ono l!'.illion 
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VAI.LltS CALDDA ADA. 

brfag wn•r 
Occurrence 

Water ot good qua.litr emerpa a1P a mmiber of placee 

1n the eastern part ot ~. TaU• caldera• the large Tol

eanic cteprauion wet o£ Loa A~. (s .. pl. 1.) A 

large number or n•p• and a t• -11 ~Jpr!np are pruent 

al.ong the coalescing allurtal tua that extetd illward 

h-o:t ths steep alopes ot the c:ald.,. r1a and CNttf.U'tl 1!'011 

the interior dcmMla ~ rhyolite. .l ~Naber ot Hepa and a 

sprl~ or twc are aaeoeiated Tld.th tbe low urraeu that 

are adjacent to the strea12 chamtelaf d4 two amall ~rings 

amerge frO!!l tho edge ot a rhyolite done. The 1m.portant 

discharr;e of water 1n th<J caldera• howewr. 1a at lov 

pointe along the st~ ehannela. 

The sprinp and a.eapa u•ociated with the alluvial 

fans are :~ noticeable in the late spring when luah 

.. ;rass around them 1a the first to tarn green. The aeape 

are alao most abundant at this time and countl .. a aumbera 

oi" them appear on the lo-ftr alopaa or the rana, to ron 
fairly extensive swamps L"l places. Some or the11e aeepa 

are active until they treese over in the tall. ~ tew 

spritlg8 s.re all small with the individual. nova ranging 

fro~ about one to ten gallone per minute. 

A nu.-,ber ot aeepa are preeen~ at the edgea o!' the 

lo-...r terrace!! • and some ar-e present at low apota on the 
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aurf'aee of thea a terrace•. In a few place• the. aggrep.te 

diacharce rrcn~ • .number or ...,. forma t1D7 streams, par

ticularly 1n the epring or th8 year. At one place in the 

Valle Toledo (lee pl. 1) • north or hole H4. a small aprin.& 

!lowing about two gallons p.r ld.Data ..ergU from the edge 

of a terrace. Below the terrace .. carpmenta and adjacent 

to :ain drainage linee the U'M o£ chalmel aUUYium ia 

largely water logged.. In part. at ~t. tll1e water 

represents discharge trom the terrae.. ru.a •ter, 

emer;;ing .trom the terrace eacarpr:tmta, haa paaaed beneath 

debris on the escarpments to the area td ehaJme1 alluviuc. 

Two small eprinca, each nowing 1••• than t1ve gal

lana per minute • are preaen~ near the aouth..-t base o£ 

a lsrs;e rhyolite dome ( .;el'To d.e MedJ.a.) • In both caaea 

th::~ ~All quantity of water aoaka into the upper alopea 

of adjacent ran ~terial. 
!he largest and tha only ~crtant apringe are along 

the drainage channels. In the Valle Toledo the dry-weather 

:low appeare at the heai or the valley. (Sea pl. 1.) 

Abcut onfl :tile downetrea.'i\,. at a point where the intermit

tent south branch of the drainage joins the main st~~ of 

~hs Rito ran Antonio. the tlaw has increased to about lCC 

,:allons por :rl.nuto. Farther weat,. juat abo'Ya the point 

where the R!to enters a narrow gorge cut in Valles rhyolite, 

~ha flow is about )00 ~allona per minute. About SOC gallons 

por ~inuta e~er;es fro~ blocky, pumiceous rhyolite in the 
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narrow gorse at the west end ot the nlley. IIIDediately 

downstream rr~ the gorge a gaging atation shows the dry

weather diaeharge o£ the valley to be approximatoly 1.100 

gallons per minute. 

In the Valla Grande the dry-weather tlow heads at a 

spring area. SO!'lG three-quartera ot a llile northeast or 
hole H7. {See pl. 1.) Here• at the head ot the East Fork 

ot Jemes n1ver, appro.x~-nately 900 gallQDS per ld.nute emerges 

rrom Valles rhyolite at the aouthaaat point or a large dome 

(Cerro de Hedin). Downstream• l:ernen tho Pling station 

below the sprin;,s and the point where Jaramillo Creek ent3ra 

the :lain drair.ago, ther-e probably 1a some additional gain in 

.flow. Tha Jaramillo adds additional water. Thia creek heads 

to th~ vost of th~ LoB Ala:nos ana. It g.ains aome wat.er as 

it !"lows 3croas tba Vallo Grande,. and at the point ot entry 

to the East !ork• it earries about 500 gallons per ~nuto. 

Farth~r- wast tho D'.ain c~ek may gain :still more water toward 

th-2 west end or the valley • a short distance beyond the Los 

Availability 

The surface flow of tho Rito San -'ntonio and the East 

Pork of Jemez fivor was eonsidared a8 a source of supply for 

Los Ala~s just after the and or the war, after it had been 

d~cided to ~ko the town a permanent eenter for nucl~ar 

~~s~nrch. The firm of Black and Veatch ~s retained by the 
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Atomic ~~rgy Commission at this time as water supply con

sultants. a.nd in- their general examination ot the ana 

th3y eonsiJersd the possibility ot the utilisation or tho 

now or both tho P.ito San Antonio and the East !ork of 

James Riwr. The possibility waaebancloned u t.he watera 

ware unava1l.able tor appropriatioa. Indiana living down

stroam on the main atem of Jemea River have a prltaordial 

rir,ht to tha sur!.aee now tcr use 1n irrigation. Bsnca • 

tha fi~ ot Black and Veatch turned to the Rio Grande area 

in the early part ot 1946, and initiated the program that 

led to the completion near the end or 194g or wells Ll to 

L6 in Loa Alamos Canyon. 

Grpund Water 

"i=:xploration 

The possibility tha.t an exploitable body or grounJ 

Hat~r existed beneath the ca.St€lrn part ot the e:tldera soar:s 

to have been r-Jecr,ni:ed first by J. F. Brown ot Bls.ck an-.1 

Veatch. Mr. Brown noted the aurta~o water diseuasod pre

Yiou!lly (pp."~::;,) and eoncludod that some sort or r<lSarvoir 

r.111st be preaont to supply tho flow. As a nasul.t tho firm 

of' Tila~k .an~i Veatch enga.r;ed H. T. Stearns ss a eoneul.tant 

0:1 cround water. Hr. Stear.ta a."t&.r.lined th~ caldera and 

dir:-:cted tho first exploratoey work in tha summer or 1948. 

:':'eVm'! test hol~S WGrP. drilled in thg ealdera r111 dUrinr, 

.. ..-_ Juno or that year. !.!oat, of the holes yi1lied some water, 

, ~~':' an.:! one, i!:I:l~diat~ly east of tha site of hola Hl, flovod 
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at a rat.e or 37 gallona per minute. In general. all or 

the holes indicated that the pumiceous sands and gravels 

of the till were sutf"1eiently permeable to supply water to 

vells. Thera£ are, Stearns (194S) advised that the area be 

considered as a source or auppl.y and that further exploration 

be done. 

The Atomic Energy Colllliaaion ~en reque.ated tho Geo

logical Survey to u.ke an 1nt.eaa1Te atudy ot the area during 

the summer ot 1949. During the aWIIIIer and tall or that year 

15 holes were drilled by rotary rig to teet the general 

character and extent of the water-bearing uterial. Six 

holes (Hl to H6) vera drilled 111 the 'falle Toledo. aix 

{ H7 to Hl2) were drilled in the Valle Grande,. and three 

(HlJ to Hl6) were drilled along the eastern aide of the 

caldera • along the divide araa between the two valleys. 

lnt3r• the Valle Toledo and Valle Grande holas were cased 

and equipped for discharge tests,. to determine the hydraulic 

characteristics or the fill in tha valleys. Holos RlJ to 

Hl6 were aban1onad as they appeared to have encountered 

~~terial of low permeability. 

Occurrence and Availability 

YruJ. () __ !Ql~ 
In the Valle Toledo both water-table (nonartesian) and 

artesian conditions exist. Water-table conditions exist in 
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the outlying areas il:aediately beneath the tau an.cl the 

outer parts or. the terraces. OVer the greater extant of 

the terrace areas arteaian conc11t1ona exist though the 

piesomatric surtaca is belaw tbe ground aurtace. Below 

the ten-aces, adjacent to t.he au-eaa chauel., \he pieso

metric surface 1e above grouad level. 

The aix teat holea, (see plate 1,) reveal an artesian 

~servoir which underlies most ot the terrace areaa. 

Records of these holes ahow tha't the. econaolidated M.terial 

~n the Caldera is as much as SOO feet thick in the Yalley 

and is underlain by domes of th• Valle and Cerro Toledo 

rhyolites. Diasrammatie cross aectiOftll ot the Valle (tig

uras a and 9) show the artesian reservoir, the direction 

of movement ot the water • ncharea and d18cbarge aroaa, 

. and the piezometric surface or the arteaian wter (the 

height to which water will rise 1n tightly caaed wolla or 

boz-o holes). In areas lower than the terracea (figure 9) 

adjacent to the streL~ channel, the piesometric aurtaee ia 

above the g-,round surface and the wells drilled into the 

artesian reservoir yield water under aut£1eient artesian 

pr9ssure to overflow at the land aurfaee. The piesometric 

surface is -::r.ore than 30 teet above the land aur.raee in part 

or the area. It slopes from recharge areas toward springs 

(fieure 8) at the wast en1 of the valley. and to some 

~xtent towards the axial stream (£1gure 9). ·indicating 

t~s Jireetion or movemant or the water !'rom reehare;e to 

li:scharr~ areas. 
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The test holes near the center or the valley ahowud 

an increase 1n · artesian bead with depth, the pressure 

increasing beneath successive beda o£ the ailty to clayey 

material that are interbadded 1n the aquifer and which 

act as confining units. This• along with the slope or 
the piesometric •urtace and the pin in nov ot the P.ito 

San Antonio in its course through the Yalley, •how that 

in thia area water is rising to acme exteDt through tho 

confining beds. In the outlying hole • IS • the water lnel 

in the upper part or the aquifer .. h1per than in the 

lower part, indicating that ill outlyi.Jlg pa~ Of the Tal

ley the water is movin& downward aa well aa laterally. 



•. 

The water available to walla exc.-ded expectations. 

The tivailabllity waa moat e'Yident in th• central part or 
the valley where the eombinat1on o~ per'llaable Mtel"ial and 

artesian head caused. the losa ot the !1rat two holes ~ril· 

lttd a~ the Bl aite and the near loaa t4 Bole H4. In the 

area of the Rl aite. where ~ head 18 ~ than 30 !oet 

• bove ground' tvo holoa were lost. .... they bepn to now 
at a rate of about 2.000 gallou per ldzu:a~e. Later, after 

a third hol3 waa c:cmplete.d and c:leYelo,M •• a .. n. there 

WIUS a now ot about ) ,000 gallop per lliaate ror a ahort 

period with a )0-toot reduction 1n hea4. HoweTer. a d.1•

eharge or this 1111gnitudft could not be •int.airleU tor a 

long period. Over a period ot years the wat•r available 

to a wall or walls in the valley would be approximately 

. 9qu1Yuant to the natural diacharge in the Talley, appro.xi

catuly l,lJC gallon• per minute. (See p. 102.) 

Th~ teat boles in th• V~lle Grande tapped another iMpor

tant artesi.an raaervoir. Ben. the unconaalldated aatel'"ial in 

tho e;!lldera is thickest and moat extenaive in the largeet val

lay or the c:alJera. The total tbiclmeea ot the saturated .fUJ. 

is a matter or eonjocture aa none ot the hole• •ncountercd 

bedrock. It may ba or the order o~ 2.oc~ feet thick over a 
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larp part o£ the Yal.lq. and it probabl7 baa it. createat 

th.iclmeaa through the cectral, natheru• and autern parta 

o£ th3 valley. To the north • toward the large tlat-topped 

:l:c=e at thia aide ot the val.le7 • the till probdly thins to 

ao=a extent •• it la~ againat tM Hllthward. ealargeme.nt. ot 

the doco ( Cerro de !~adio) in th.e au.baar.t'aee. 

Hole !7• the d .. peat hOS.. clr1l.led 1D the Yallq. pu.aod 

through nearly )00 teet ot elay aBC& aUt t!ult. fora the con

tlnine unit 1n the Yal.lay and then pcwtrat..ed aearly 900 teet. 

ot pn..~eeoua sand and gravel tla. t t_.. the a&pd.ter. the 

~N shallow outl.yin.£; holes ( HlO to 112) ahowd that the con

rini..'"lt; unit is b~nst de~eloped through the central part or the 

valley and th.at it interf'ingers ld.tb coan~er claat1a tova.rd 

the boundaries of the valley. In thaae outl.:yiag areae water

table conditions exi.at., but over lllOSt. ot tbe Talley the water 

is co:If!.."•ttld t.hour.)l the pin~tric aurtaee is a short 41staneo 

belcw ground 1n the terrace areae. (See fig. 10.) Ju4bint: 

.f:rOl! holes !Ul and Hl2 the p1es~trie aurtaca may be as :.uueh 

as 25 or 3C feet below 1Jle laru1 aurf'ace 1n the hi,char parte 

o£ the terrace areas. Alone the loweet parte o£ the vallQY• 

below the terraces and adja~snt to the ain drainage, the 

pie:ometr!e sur.raca r&.."'\gt~s !rom near ground level at the 

~..ain sprin,~:a in the upper part ~ the valley to :un-o than 

25 .fnet 4bovct :round tt hole HlO in the lower part of the 

vall~y. 
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The movement ot water through the aquiter in the 

Valle Orande is loss well known than 1n the Valle Toledo 

though the several hol9s and the dilcharge to the stroa-~ 

and springa !urnish much 1ntonu.t1on. The p-eatest move

ment is to the sin spring area northeast of hole H7. This 

is indicated by the proportion or ~ now or this apring to 

the total now of the streaM. JlloTement toward Jaramillo 

Creek Appears to be relatively ...tl 1D amount altho,gh this 

creek may gain as much as 250 gallons per .tnute 1n ita 

course throue~ the Valls. 

The lateral movement through the central part or the 

valley is rela~ively slow as borne out by the noarly tlat 

piezometric surfaco shown by the Mater loYela OE the wells. 

Tha oaximum rango of watar levela in the widely scattered 

holoe is only 24 teet. and the gradient rroa the area or 

hole H7 to HlO is only two feat par mile. Downward mcve

nent in places in the aqui£er ia indicated by the dit!er~nce 

in h~ad at tha top and bottom or the holes. (Holas HlC and 

Hll shoved a slightly higher water leYel at the top than at 

the bottom or the holes.) Tbero~ore. some water ia moving 

.:iown\'far:i in the aquifer as rar rrom the margina or the val

ley a:3 the location5 o£ thssa two holes. In the central 

pa_T"t of the valley the water is under highest head at 

zroatast :lapth. This probably indi<::ltas that some small 

~nount o~ watar is rising to the bed or the main creek. 
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The availability or water to vella 18 leae in the 

Valle Grande than 1n the Vallo Toledo. The pwdceoua aanda 

and gravels that rorm the aquifer are aomewhat tiner and 

apparently somewhAt 110re aUty. A diaeharge teat run in 

the .tall or 1949 ('!'heis. et al. 1950) indicated that the 

transmiaaib1lit7 or the lalla Crande aquifer 1a only about 

one-half as great as that or the Valle Toledo aqui!'er. 'l'he 

art as ian bead also is lover. The head vaa autticiently high 

in only on0 area to eauae diff'icul.t1ea 1n drilling. At the 

sits or hola HlO, vhere the head 1a about 25 teet above 

grotmd, two holea ware lost b~ore a third was completed aa 

an observation well. Hovaver • f'rom the standpoint ~ quan

tity or water available. there probably is about the same 

llznount ot water available in the Valle Grande as in the 

Valle 'roJ.;:do. On an annual basis, the amount or water that 

could ba removed from the Valle Grande is equal to the flow 

di.schart;ad at the main spring area, 900 gallons per minute, 

plus an estir~ted 250 discr~rgad to the Jarar~llo, or about 

1.150 sallons per minute as compared with 1,100 in the 

Valle Tolado. 

Recharge 

~h~ rech~rce !or the ground water in the aastern part 

of the Valles ealJer:} is of local. origin. All of the rechaq;e 

originatas as precipitation which falls within the caldera. A 
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a-n tractioc ot the p~ipitat:loa ucapa euporation ) 

and tranapiration and pereolatee tlowmlarc1 to Joirl the ground 

water body. Moat o.f tM infiltrated precipitation follow 

. an indirect. Gcurae to the caldera tin~ ,.._ through 1 t, 

and aerg.. alone ~h• aiD dra1aap 1.1DH. 8oae • howeYer, 

ia unable to reaeh t.u till aad &ina n.. to the -..11 

sprinp and aeepa along the laae ad terracu. (S.. tip. 

8, 9. and 10.) 

Most or the ground-water intake occara on tbe ateep 

a lopes or the area - on the iaterior ._.. • the J.mnml fac

ing sacarpunt or the caldera ria• and Oil tile all.nial tan 

material adjacent to ateep-d.ded fqtuz-ea. 8011e precipi

tation. 1n part melt wat.er from anew del in part water tram 

direct precipitation. •ntera the ~· of the 1nterior 

James. The domes o£ Valles rhyolite, in particular, with 

their highly tractured, rubble cover«!, and c~only 

pumiceous c:rusta probably conatitut.o the moat important 

area a o£ intake. !~uch water 1a absorbed bT thue oruata 

and trann.itted dOlmW8rd. Iii a tww cuaa it reachea leu 

penuaable rhyolite in the outcrop area ot the 4=ee. ••• ror 

u:&-:lple, adjacent to the north boundary ot the Valle Grande 

whore two small apringa eaerge on tha lower elopes or a 

dome, above the level of adjacent tan material. In general. 

however, the water mavea farther dmmward be.f"ora it reaches 

lus pe:Maeabl e port: ,:')na or the interior ot the domes. This 

lass porr:1eable 'Dilterial dene~a the downward percolation 
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and the water zmryea laterally to the surrounding allurtal 

:f"ans and caldera till. The aame aort ~phenomenon ilio 

takes phee on· tha rubble o~ the eaca.rpunt or tho caldera 

rim. In this ease the water llOYd downward only a vorr 

short distance betore it reaehee the impermeable rocks of 

the Tse~oma group or Cerro Toledo rhyolite and 1a 

deflected to the adjacent t111 or tan material. 

Additional recharge takea place on the upper elopes 

ot the fan a. For the most part this !ntake represent a los

ses from small r1 vulata that pa•a onto the tana from the 

adjacent slopes or the domes and rill. Lonu or thia type 

have been noted along the north aide or the Yalla Granda 

where rivulets from the two amall springs disCharging on 

the lowar slopes or a rhyolite dome re.aeh the upper slopes 

of fan material and. immediately aoak in. llivuleta that 

form on the steep slopes £rom malting snow in the spring. 

and after heavy rains in the aucmer probably loeu water as 

they pasa across the fans. For the most part the rocharce 

of this typa probably takas place within a narrow atrip on 

the upper parts of the tana • where tho tan material is 

eoar5~st. This is ind1cat~1 by aseps and amall springs 

that a~erge at lover elevations on tha rana. These s~eps 

ar.d springs indicate that parta o£ the ran material a~ not 

sufficiently permeable to transmit all or the water that 

the fans receive downward to the unconsolidated material 

filli:1::; the caldera. A. psrt o£ the water that enters the 

fans is deflacteJ laterally and emerges on the alopea or 
th~ fans. 
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Disregardinc the obvious discharge on the aurtaeea 

ot tho £an mat a rial, water BIOYing through the tan aaterial 

follows two couraea. A part ot the water movea downward 

to the caldera tUl. Anothar part aovea laterall:r to the 

alluvium that capa the lev terraces. For the 110at part, 

the water that raaches thia terrace material 1a discharged 

at the edges or the terrace-a aDd at low po!nta on the sur

face or the terraces. (See PP• 100..102.) HovaTer, at 

places where the terraces extend to high elevation•, Ear 

baek from the tain dr:ainage, some water probably paaaes 

downward rrom the terrace gravel to the underlTin& caldera 

fill. 

Tho water that reaches the unconsolidated material or 
the caldera by downward percolation rechargea the important 

· ground-tmtsr bodies of tho Valle Tolodo and Valle Orande. 

After reachin& the r111 - from the cruata or the domea, 

!'rOt:! debris on the caldera escarpzaent. tror.a the ran mate

rial. and !roo outlying parts o£ terraces - the water aoves 

slowly throurft the pa~iceous sands and gravels to the nat

ural outlats alone the main drainage. (See pp. 100-102.) 

Tha quantity of water dischargQd at theae natural outlets 

is equal in a~o~~t to tho 1ntaka that reaches the fill by 

"lmmwar.i percolation in the peripheral areaa O! the Yal

l~ys. The recharr.e-jiseharge system is in • state or 

approxi~ta equilibrium. 
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Dieeharp Testa 

Following the cOCJplet1on o~ the 12 explorato17 holes 

in th9 two vall•J8• discharge teau wr• run 1n the tall or 

1949 in both the Valle Toledo and Ta11e Grande. The testa 

wen run to deter.:dne the production characteriatiea or the 

main vella • the hydraulic ebaracteriet1c• oL the aquUara, 

and the errect or well diaeharce on the maiD apringa alone 

the strea~ drainage. The walla were c.matru.etecl aim!l.arly, 

(ieveloped • and each diacharp teat 1'UI1 41ar1Dc a tm-e. to 

four day period. Data were collen.d du.rf.na the tirle ot 

the discharge and for an additional tbne da}'8 afterward. 

Well Construetign snd Davelop!!!t 

Tha :qain well• • Hl in the Val18 Toledo and H7 1n the 

7alle Grande were used to di•ebarge water tor the teate. 

::Jell Hl was constructed by tirSt dri~ 10 teet into the 

rAin cor~ining bed or tha aquifer and cementing to that 

lepth a string or 16-inch surface casing. The hole waa then 

·:irilled through t.he ee::tent plug and cased tu a depth of 450 

fa~t with 12-inch pipe. In the main atring or 12-ineh pipe. 

44 faet of vire-urapp~d acreen was placed between the depths 

of 323 and 427 feet, near the ba•e o~ the caldera till. Then, 

in order to draw water !~ all of the water-bea~-ng unita 

pgnetrated, tho 12-inch pipe ... part orated w1 th a Mills r.nife 

opposite all these units, or practically throughout the inter

val of 6C tc 340 feet. In final completion, the well was 
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deYeloped by pumping, bf chlu.-nirl& with a lNdler, and by 

natural now.· The devel~ vaa bel1end adequate when 

tha well finally diechargecl approD•tely 3 .ooo pllona 

per lllimtt.e b7 natural tl.ow. W•ll 17- coutnacted by 

first drilling into the oonfinillg ault to a depth oE 10 

t••t. ~ and ceenting a at ring ot 16-1nch nrtace caa!.Dt at 

a depth o~ 66 feet. Below thia clapth the 1.115-toot pilot 

hole was reamed to a depth ot 595 .r.-. or ~ a t.hick

nesa ot 295 teet o£ vater-bear!Jlc add aJICl aranl bel'l.Mth 

the overlying 300 £eat or clay act ans. A atring of 12-

inc.h pipe wu t.hen landed at .S9S teet. "fh1,.a etrlng con

tained rive 10-toot seetiou of wi.nt-wrappri •creen which 

were apac:ed at 1ntervala between the deptha ot 300 and 595 

feat. All the intervening pipe between t.ha acreena was per

forated with a torch in alota about tour iaah•• long and one

eighth inch wide. These alota 'WW'8 apaeed tour around at 

on2-toot intervals. Hence, from )00 to S95 teet the main 

stri.."lf: was open to all adjacent material. In tiDal com

pletion th~ well was developed by ~ with a bailer, 

by 1nter.rlttant pu.-npinr;,by back-nuahing with a !'ire-engine 

pul!!J), and by nat. ural n~·. !t the and o.r t.he development 

there wa.a a natural !low or 50 gallona per !limtta with a 

lC-foot reduction in head. It ia probable that the well 

was not perraetly developed. 

~he outlying holas, H2 to H6 in the Valla Toledo and 

:H~ tc Hl2 in ths Valle Grande• were completed tor use aa 

llL. 
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obaervation vella tor the cUJtcharge Hate. The construction 

conaiated or cementing a atring ot 6-mch cuing to depths 

ranbfng !rom 60 to 100 r .. t. pnerall.7 well int.o the confin

ing unita of' clay and. ailt. Inai4a tbJ.a nrtace caaing there 

... a etrin& or two-inch tubiJic llb.teh bad • nll point )0 

inches long -welded on the lower end. With _. exception all 

of the well po1nta were landttd at a altit.ucle approximatel7 

equivalent to that or the bott.os ot the aJn wll.a 1n each 

of the nlleya. The uceptioa waa !aole 14 -.r the weat end 

or the Valle Toledo. Here • the wU point .. landed at a 

depth ot 240 teet, vi thin the pWIIiceoua ora~ fd a dome of 

Valles rhyolite encountered beneath ~. caldera till. Another 

exception in the construction o~ thia bola --- a atring of 

4-inch easing that extended to a 4epth o£ 219 r .. t. In all 

the vella both the 6-inch casing and the 2-tnch tubing were 

capped and fitted with valse 1n order that the preeauree or 

water levels in both tho 6- and 2-inch caainga could be 

measured. The wells were then developed b)" toreing water 

down tha 2-ineh casing and out the 6-tnch. !hie development 

was not entirely satisfactory• and• <lue t.o caYing ot con1'1n

in!: beds, the hydraulic inter-connection batwetm the two 

sets of casings was somewr.at Tariable .and inde.tinite. In 

-~neral, the h•ad in the 6- inch easing repreaented the bead 

of: the upper part or the aquifer while the head in the 2-inch 

casin~: represented that of' the lower part ot the aqui!~r. 



Valle Tol!do tttt 

Well Hl . vu shut in ror 'three claya atter the davolop. 

sent o~ the well had been completed. ft the •act o~ th• three 
"' 

days the artesian preaaure vas near equWbria and a three

day diecbarge teat .. ran.' l eoutot now oE l.oco gallons 

per minute wu M1ntaine4 dur1.D& the td't aacl the 4ecruae 1n 

head wu ~with a botlrdcm-~ preuure P£8• The 

decrease in head at the poten~1al.17 now1nc obaerftt1on vella -

the prneurea in both th• 6- aftd l-inch caaiap 1D bolea 12, 

K) • and R6 and that in the 6-illch eaa1n& a't Jl4. wa aeanrecl 

with a aereury manometer. In the cue ~ th• 2-inch caaint; 

at nolea F.4 and H5. where the •ter l..U. ....._ below ground• 

watar-lavola wer9 measured with a steel tape or with a con

tinuous water-level recorder. Obaenation• eould not be madti 

in the 6-inch easinc at bole H5. FollowiDg the three-day 

discharge period, well at was again shut in an4 recovery 

observations were made at. all ..U.. 

Tho three-day discharge at well ftl produced the fol

lowing e£~ect.-f: 

Arter Theis, Chas. V. • et al.., Unpubliahed report • 
February 1950 

1. The haad in the diachargin£ •11 lowered about 

2C reat fro~ ita static level or about 3S feet above 

;.~round levol 11 !ndicatin.;:; a specific capacity of about 

50 ;,:allons per !rlr.ute per !'oot o£ drawdosm. 
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2. The head lowered 7.7 teet in the 2-inch and 

7. :J teat 1n the 6-lnch eaaing -at hole R2, l02 teet 

west of Hl. 

) • The head lovarad 8.2 teet in the 2-lnch and 

4 .• ; teet 1n the 6-inch aaaiq at hole BJ. 600 feet 

west ot Hl. 

4. !he head lowered l.l ~ .. t ill the 2-inch and 

1.7 taet 1ft the 6-inch euinc d hole 16, 3.600 teat 

east o:r Hl. 

5. The wter lent 1D the I-!DeJa •aing at hole 

H5 • 4.100 teet no~ ot Rl. rue 8li&ht17 during 

the first hours of the teat. and 1t lowered onlf o.o) 
foot at the end or the tirst 24 hnra td the teat. 

At the end of tho t.hree-day ~oct. llhen the diachar;.;e 

was stepped• it had levered 0.25 foot and it continued 

to lower an additional 0.20 toot ctur1ng the .following 

two days. Arter this it began to recover. 

6. Thora were no clearly d.afined. otrecta at holG 

m ... 4.1 .. 50 feet wast o£ IU. Thera were •=• rd.nor 

nuctu.ations, but they could not be relate..d to the t .. t. 

!his was to be expected a.e the hole waa cased 1:nprop8rly. 

7he water inthe aquifer apparently was cased orr in thia 

hola. 

:'>'1len viaweJ from a purely qualitative standpoint. the 

short~ jischarge teat showed that the etrects or the d!acbarg

in~: well spread rapidly throw;_.h tho aquifer. Tha continued 

:lecl im; 0 f head (or water level) in r:soat or the obaarvation 



vella waa clear. and ahowd tbat a lonpr period o'E ciU

ehaz-ge would baTe cauaed greater 4ec11ruaa aftd more extana1ve 

ettecta. There.tore 1 a proclUction wu. cliacharging ovv a 

period of yeara • 110uld eYtmtllall7 lowr pre.uurd tbroqhout 

the extent of' the local body ~ watw. .la the etteet• ot 

diacharg;e .,read to the apriq area at the west end ot the 

Yall.,. • tM nov oE the sprittp would dHNUe and the Qow 

ot the Rito San A.lttonio wouU 1te affected. eorruponcU.n111. 

When viewed !"rem a qaaat1tat1ft atudpolnt the 8&1111 

eoneluaion ia reached. lceorUq to ---7 the diaeharge 

of a well repra•ente a naw point of ~ on a natural 

system that previoualy haa He.R in a -.t. ot approxiDtAte 

equilibriu.'!l. A cone of de~1on apr.acla out front the 

dieeharging wen. changing the Datval gadianta which 

pr&Vioualy have existed betliHft area ot raeharge and dia

ahar,rre. and the equ111brim:t 1• d1at1U"'bed. 

The romula ror thia eona o-r de~1cn in an ideal 

aquifer 1a (Theis• 1935): 

·-~¥ 
wheres 

a • dnntdown at any point 1ft tnt. 

F • rate o£ wll diecharge 1n gall.ona per minute. 

4' • eoe!ficiont o£ transm.iu1bWt7 

s • coeff1e1ent or atorage. 

t • ti."!la the wall hu b.a diac:harging in dare. 
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The tcmmla indicate• 1nd1nct.lJ' tha~ the cone w1ll 

spread. eventually to the area oE ~cltarge or cU.echarp 

(or both) • ancl a new equll1br1U!I baa to be eatabliahed. 

The .;U.acbarge o~ the nll bu to be 'balAr.rlced by an 1ncru.se 

in recharge or by a decre&H ill the aatanl cliacharp - or 

by a combination or the two. In the cue 1a queaticm 11 ttle 

U any new recharge can be d:ratm ~ the aq~er. the water 

table 1e well 'below ground 1n the area ot racb&.rce. ud hecoe 

a new equilibrium would have to be utabl.1abed •r a ctecnue 

in the natural discharge - that ia .,., • ....... lJl nov of 

In order to c:heek cond.itioaa to - 11' the abov. tor

~.!'lUla vas applicable• the drawdown 1n hol.. H2• 10. HS • and 

He and the recovery 1n holes H2• H3. and 116 were plotted 

a;;a!Mt the locarithm o£ time since diacharp began (or 

9:tded) divided by the aq,uare oE the diatanca between the 

observation well and well Hl. (See .tige. l2a and l2b.) The 

points did ::ot follow 8 aingle atraipt uno. but they 

indicated that tho aquifer cloael1 approached conditions con

siderocl in the f'onula• and that tho ccme ot depreaaion would 

have reached the di.achart;e area withi."l a very ahort titte. 

The trans~saibility of the aquiEar baa been computed 

by several ~ana ( Theis• et al,. 19$0). !he drawdown and 

recovery of artesian head in hole H2 indicate a transmis

sibility of about 6o,ooc. U•ing water levels at the end 

of t.he pu~inG period and wella Hl,. B2. and H) in pain 

,,.aluas rnnpld fro::1 40 ,ooo to 55 ,.ceo. 
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Valle 0£1Pde tf!t 

Well !17· waa abut in tor taur dar- after baing devel-

oped. It vaa t.hen intended to pump the well at 500 gallons 

per !Jlinute tor 72 hours • but the pu11p falled atter 40 hours • 

and attar being repaired and re•tarted approzj asatel7 12 

hours after the time ot taUure • there _. an additional 

pumping period or 4~ houra. Duriac the teat &D4 tor an 

additional three eta,... water pJ"8UUre8 wn -ared with 

a 'llereury un01teter in both ouinp · o~ ltol• Itt 1 B9 • ancl 

HlO • and the water laTel meaaured 117 atHl tape 1n the 6-

inch cuing or hole Ull ~ . Aut-.~ic •tel'-etage recorders 

aeasured the water level• 1n ~be 2-illch cu!np ot holes 

Hll and Hl.2. 

The ;co gallon per adnute cU.aebarp at. well H? pro

duced the following e£feet.-f: 

After Theis, c. v., et al •• Unpubliabed report. 
February. 1950. 

1. The water level ot well H7 lowered 

approximately 50 feet t from about 10 t .. t &bOTe 

the land surface, while pumping 500 pllona per 

~inute. This indicates a apeeit1c capacity or 
approxil!'.ately 10 gallona a oinute per toot of 

drawdown. 

2. The head lowered 8.2 reet in the 2-ineh . 

and ~-3 fest in tha 6-inch eaatQg in hole as, )00 

feet west 01 ... H7. 
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). !he head lonred 4.6 t .. t in \ht 2-1nch 

and S .4 · teet in tbe 6-1llch cu!q in hole H9, 600 

tn• weat ot R? •. 

4. the head 1D \he 2-!Dch ahcrad errat.ic 

chanpa - that 1D 6-illch a.aiq u perceptible 

chaug .. at hole no, 1.100 teR aout.lnreat ot R7. 

5. the water lnela in the 1-iacll eaainp of 

holeta lll.1 an4 !0.2, aDd •o a 1- extent ill the 6-incb 

easing or Hll, rca• duz-iq ~ periocl ot ,..,la& ancl 

tell at ita ccmelus1ou. !lleH •ter-lnel nuctu

atione appeared. to be oornlat1n with ~trlc 

changea that occurred duriq thea• perlocle. 

6. !he stream gage • on ~· lut Pork ot Jares 

River above the aite o£ 87. ah-.4 t.he ettect.a or 
tbe pump1n~;. Immed!atel7 after the pump •• started. 

the g&J;e height. began to <lecreae•• and at the time 

the Ptr.:2P tailed. it had declined 0.04 toot. During 

the 12-hour period while rapaira wva being made it 

rose 0.02 toot. It then decl1ne4 0.0) toot during 

tha aeecnd phaee of the teat and began to reeoYer 

ir-:'lediately attar the teat waa completed. 

The etrect of the well discharge on the tlow or Jerncs 

River- or actually on the now ot the qringa at the head 

o£ the creek - vaa obvious. There waa no doubt that a 

production well in the valley would 4eereaae the atream 

now. 
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The interruption ~ Uta diacharp teat b7 tha pump 

tallura •d• theoretical intarpreta~on 41t?1calt. Draw

down cun•• were T&lueleas • and. corrected recovery curves 

ot obeervation wella (.tig. 12c:) were !Jiperf•ct, poaaibly 

becaue · ot a number t4 ruaou. Por •XDIPl•-. -the pumping 

period wu ft1'T ahort 1 and it ia believed tbat the deYelop

ment of the vella - !mper.tact. llcJweTer, lop o.r the 

aeveral hole• 1ft the Yall.er cleaoutra'ta the ccmtin111tr or 

the aquifer • and it ia not a.nreuaraaltle 'to ..... tbat the 

water-bearing aanda and gnvala 'IIOtlld approaeh tM behaT1or 

or an ideal aquifer. 

The corrected recoTery c:unea ot bolea HS aDCf 89 

(see appendix) , the closest obaervation wella, thcugh 

~erfect, were used to compute the ~1aa1b111ty-l. 

Theis, Chas. V., et al, Unpublished report, 
Febru.ary. 1950. 

It was aa~d that these curves were approachin& atraight 

line plot a. With this assumption • the tranaminibility of 

the aquifer aa c01"'1Nted from the 2-inch casing in well H8 

1s about )0,000; r~r the 6-inch eaaift& or the aame well it 

is a bout 21.000; for the 2-inch at well H9. about 45.000; 

and for the 6-inch at well H9, about lS,ooo. The average 

of tha two slopes at wall H9, where the greatest di vert;enco 

occurs, ~ives a value of about 26,000. 
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Chemical Qp•11tz ot Wltfr 

by J.D. Hem 

-
In the course ot the etw!tu ot '&he ch.tcal quality 

or ground water and eurtace wter in the van.. Caldora 

area. aamplu or water were · ebtaiued trom the aprin£• along 

the Rito San J.ntonio and Ule lut Fork ~ Jnes RiTer, and 

tros the aurface now of the two atrea.. lamplAa alao nre 

obtained trCR the flowillg tut wan. clr1l1ecl !A the Valle 

Toledo and Valle Grande areaa. Tlut. aual,.._ ot \h .. e aamplea 

an listed in table S and ~hey tOI"'I the 'buia tor the diecua

sion of quality o£ water tor thia ana 1D thia report. 

Vall a Toledo 

Analyses or water tram five ~ the six ~t vella in 

the Valle Toledo are given 1n tabla 5 and one analyaia ia 

a"Vailable for the 97-toot well drUl.ecl in connection with 

earlier studies. 

In general the ground waters o£ this area are low in 

d!asolved soli•i& and sort. No ecrple waa obtained which con

tained ~ore than 143 ppm diaaolnd aolida or 42 ppm or hard

ness. In ~est ot the aaoplea the content or a111ea was hi&h 

(about 40 - 60 ppm) , usually eonatituting hal.f' or mora of 

the dissolved solida. The pred011linant &."\ion in all the 

samples was biearbonata. and in most instances core than half 

the total cations consisted or aodium. The content or dis

eolved ~tter is derived from the alow attack or the volcanic 

roeks by the ~round water which cireulatae throurn the~. 
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In one important respect the ground wter ~ the 

Valle Toledo ar.a dit!er trom thoae of the-Valle Grande 

area. In moet water ~ the Valle Tol.aclo. rather large 

a..110unta ot nuoride are present. Seier&i samples ahowed 

a concentration of ).6 parta per sillion of this constit

uent and un7 ot the au~Pl•• conta1necl 1.0 ppm or more. 

Aa •nt.ioned elaevhere in \hia re~ the obeervation 

vella nre !1 tted with 6-inch caaiq \o nUov deptha and 

with 2-inch euing to lover cleptha. hc:aue o~ the lntar

connec:tion of waters between t.he cu1rlp \h1a arrangement. 

peni tted impertect ea.~ ling of' •t•r from the upper part 

or the aquifer through the now troll the 6-!nch cuing and 

fron the lower part of the aquitcr throutb the flow trom 

the 2-ineh easing. The perfect aeparation probably doea 

not exist in ~oat wella but some indication ean be obtained 

from these data as to the extant of the ditferance• which 

=ay exist between the quality o£ water 1n the upper and 

lower parts of the aquifer. 

Samples from the observation walla ahow only miner 

di.ffarem:ea in quality that could be attributed to the 

affect or depth. Water tram the 97-toot well at tho eite 

of Hl eontainod only 0.6 ppm of fluoride. One or the holae 

~rilled later at this eite which reached a depth or 478 raet 

y".el:iod water having 1.4 ppm or nuorida. The f!nal well 

Hl had 2.4 ppm of nuoride except tor a atmple eolloc:ted 

after a period of hea';r puoping whieh conta~ned 3.6 ppm. 
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Plate 12 •• -upper part ar ~ 'DW!Iber, (lcnntr right) 

the otow:L member vith OODi-.1. eroa1011&1 reiiiD&IIta, 

aDd the ~ge ( clltf) liiiiSiber ot tbe 'BMda' 1 er 

tuU. Pueblo C&uyon. 



!hue data appear to 1nd1cate that tt anr •ter ot low 

nuorida concentration ia pruent 1n \h!a area it oeeu.l"8 

onl,- at shallow deptha in the rm. 
The iron coru:entration 1n aenrlal ot the aa:uplas from 

the valls wu high. PouiblJ' ~ repreeeata iron cliaaolved 

from the well eu1ng. 

Samples were collectecl b-om tiu to time clurl.D& the 

study !rom the spring ana at the lower Clld ot Tall• toledo. 

'rha analyses or these aantpl• all aJ1Gwed •ter 8,ild.la!- 1D 

chemical character to that b"alll the vella aad all tiM eamplea 

eontained 1.8 ppm nuoride or more. Saapl• o~ the aurtace 

now 1n Rito San Antonio collaated at tile pging station 

just bslow Valle Toledo show the quality 1a practically 

identical to that fro~ the spring•• . 

The close resemblance ot the water troa tho walla and 

tr~ springs and froM the Rito San Antonio in the Valle Toledo 

area emphasises the hydrologic relaticnehip ot all waters in 

this ~rea. It provides further evid•nce that withdrawals of 

~tor from walla will reduce surface dieebarge tr0m the area 

by an equivalent aiaOunt as the wells and springs are sup

plied by the s&~ aquifar system. 

Valle Crande 

Chemical analyses of water tram tour teat wells in 

Valle Grande are given in table 5. The water in the Valle 

Grande aren, as indicated by these analysea and the data 
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tor epringa and nrl'ace now. are low 1D 41aao1Ted aolida 

(about 100 - 150 ppm) aDd hardn- (abollt 2S ppm). 'fhe 

silica content 1a high (abcut 60 - 15 ppa) and constitutes 

about halt ot the total aineral cont.eat. !he waters cloaely 

rua:2ble thoae obtained 1a Valle Tolado u:cept that the 

water aa.'IJ)lea from Valle Grande all COJltained ooaaiderably 

le .. than 1.0 ppm of fluoride. there appear to be DO 81~· 

niticant dittarencea between a.pl• troa tile upper and lower 

part ot the water-bearing sou 1n wU 19. !h1a la the onl-7 

well tor vhi'h auch a c~ CaD lHt ..u. 
ltater from the epringa at ~ had Gt now in the East 

?ork or Jemez River closely reaembl .. that obtained trom the 

walls. However. the spring water 4o .. appeu- to be ali&)ltly 

lower in Jiasolved solids eoneentration than that encountered 

in ~oat of the well8. 

Relation ot C~lity of Water to Uae 

The water frO':Jl the Valle Toledo and Valle Grande aroas 

is eansiderably below the limite where dissolved eol1da or 

hardness would be objectionable !or mo.t WJ.ea. Conaiderlnt; 

these co~onents alone the water ahould be af excellent 

quality tor d~eatic or industrial purposea. The large eon

tent of silica however would contribute to scale tor.e tion 

when the water is heated. and would be seriously objection

able in a heavy duty steao power installation. Under aOMe 

conditions the wat~r fro~ thia area ~y be corrosive to metal 
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The fluoride ccmtat or vat.r and tor •omeatic pur

poaea baa receiYed couiderable attent1Gft 1n ncent years. 

It ia generall7 recognised that ater ldlioh c:onta.ina more 

than about l.S ppm or nuoride _,. ..... aoUling or tbe 

enantel ot permanent teeth ot ehil..clftll biJald.Dc auch water 

during the tille the permana~ te•tb an forming. On the 

ether band • ttt. presence ot n.or14e ill • ocmeent.ration o! 

about 1 .. 0 ppm.,." belphllu ~the , •• thor 

children drinking the water. and 111· ~the teeth 1-

eusceptible to decay. 

The concentration o~ tl.aor1cle 1a the Yalle !oledo 

water is so high ae to raiae a aariou. objection to 1ta 

use as the sole aupply to'l! 4omeat1c purpoa•• !be water 

from Valle Grande is tar superior 1n .t.hia rupect. An equal 

::ti.xtun of these twa waters ahould briJ1c the ttouride con

centration n~ar to optimum. 

In ~neral any water aupplf which might be deYeloped 

in -aither Valle Grande or Valle Toledo should 1M& expected 

to have a ehemical quality aimilar to that ot the present 

head water springa diaeharging from thue arne into the 

~st ?ork of James River and the Rito San Antonio. 
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ElSTKRN 8LOPB J.U1 

b£lage !ftter 
Occurrence 

The aurface watera ot the .-tern ·~ area are 

repreaentad by the now or the r- -11 apr1Dp and 

struma on the alope or the Sierra de loa TaU .. , jut 

west or the townaite, aftd that ~tile 'l1o Onnde, ten 

!lUes to the east o~ the t(M'lttih. !be lt1o Cnulde 1a 

the master stream 1n tlw re£ion. I' llu a clraiap area 

or mae tban 14.600 aqua.re Ddlee \0 tile llOI"tb• 1tl zaorth

eentral new !.texico and •ou.th-central Colorado• a1ld the 

avera,ge discharge aver a 411-year per1ocl at Otowi bridge 

At the north end of Vbi te Rock Can.7on 1s 1,682 eubie teet 

per aocond (?aulae:t, 1951, P• 296). na ahd:ry\lcl average 

annual discharge o~ record 1• I2S cubic .teet per aecond 

( 1934) at thia point. The tlov ot the apring1a anct streama 

an the Sierra de lea Valles 1a quite ...U !.n comparison 

to that of tha Rio Grande. The larae-t atrep ot the Sierra., 

in '1uaje Ca.."lyon, bas a drainage area o~ only a rn aqaare 

:!tile& ani a low now or approxtmateb' 200,000 callona per 

day during dry periods. The amall•t apring, A.rr.astead 

";lo. 2 in ~-;;at or .:.a_.,yon' has a now ot about two gallons per 

~in.ute. 
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Availabillty 

The w:ters of the Rio Grande cannot be claimed for 

use by Loa Alanoa. According to the proTiaiona or the 

Rio Grande Compact, a compact b«rtween the Stat.u of 

Colorado• New Mexieo, and Texas and e~~ective by the con

sent ot Congrsaus, the water ~ the Rio Grande (and its 

natural tributaries) were tul17 appropriatecl ~ 40W!Uitream 

users long before the advent or the Loa llewoa project. 

On the other hand. the water ot the ~1 atre ... and apringa 

on tha mountain slope west ot the townsite apparently were 

not considered a part of the Rio Grande watenshed• probably 

because th.e nor:nal nows during historic tilftaa haTe eunk 

into the grouni within a short distance atter paaaing trom 

the Sierra de los Valles to the Pajarito Plateau. Thers!ore. 

these waters were acquirad and the several aoureea ware dev

~loped onn by on~ as the town grew during the war years. 

The total quantity of water available was inadequate long 

before the end of the war. but the conveniently located 

scurcGs have furnished an economical supply and are atill 

in use. They yield from about lQO,OCO to nearly ;co,ooo 
?allons per day Juring the dry months, usually in the fall, 

~nd from about ~00,000 to 1,000,000 gallons per day in the 

late sprinG when 3now is melting on the mountain alopos. 
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The base now in the upper ruches oE thea• canyons 

1a discharged. . tram perched water aonee in the rocka oL the 

Tachic~ group and Bandelier tutt. !he water 18 collected 

by means or •mAll intake structure• and convqe~ thrcuth 

pipe Unea to the townta cli8tr1butJ.ou ~-· Aa all the 

water eergea vitbin or cloee to n.ve Min carqona. it 1a 

convenient tD refer to the Guaj•• Loa ~oa. PaJarito. 

Valle, and Water Canyon eour••· Thua 4luipationa will 

ba uaed 1n individual deacriptioall ~ba~ .tolln. 
_ .... 

Descriptions of SUI"hce louraa UUliaed 

Guaje ~anxon Source 

This is the best or tha ti'fe ~ace NUreaa and 

yields approximately 200,000 gallou per dar clurin.g the 

driest :nonthe or the year. Tlut I!I&X1!mD now t.hat bas been 

collected 1urin& the period ot anowm.lt runott in tha late 

spri~h. is approxi~~tely 500•000 gallons per day. The water 

is !.:ollected at a &Mall concrete dam 25 !Mt long and 11 

feet hit=:h. This atructure 1a at an altitude ot 8•018 teet 

in Guaje :anyon and impounds about 250.000 ;;al.lons ot 'tQlter. 

The d.rainase area above the dam 1a about six and one-half 

square :;,!lee t L"'ld the perennial fiow o! the stream heads at 

t~c springe some two and ona-hal.t !Diles ab~e the etructure. 

3oth springs issue from pumice at the baaa ot the Tahirege 

r::e:rtber of the Bandelier tut!. One ia 1n the main stem of 

the canyon., at an altitude of a,a50 feet and nowa about 25 

~~allons per ~in uta. 'l:'he other 1a in a amall branch e&."lyon a 



short diat.ance aouth, at u altit-11de ot a.~ .teet. It 

nawa about 40 ga11ona per 111Jl1lte. ~ from the 

sprinp there 1a a gradual pin 1n tt. atreaa (rd4 the base 

ot t.alua adjacent to the aouth aid• ot the atrea bed t.o a 

point about one-halt Idle above the intake nrueturo. 

Loa lla!!OJ Ctnxon Sggrce 

lf'ha now in this canyon. 1a 181pounded bT a amall aarth

!111 dats with a ~oncret• core at aa alt1~:ade or 1,6S1 feet 

in Los Alamos Canyon. The atrHt.-11re S.. about '' feet high 

and it2p0unda mora than lO.COO.COO pllou ~water. !he 

drainage area above the ·dam 1a approxiaatelJ five and one-hal..t 

square miles. allloat as large u 'tba~ t4 CuJ• Can,vn. The 

flow that is collected, however, ie conaid.erabl7 1.... The 

~ini.."!~Um ·flow in dry months U about ~0 ,000 pllona per day • 

In tho sprinz, whim snow is melting• it hu exceeded zc-o ,000 

:;allons per day. The low now repree•nta the cl14Jcharp ot 

only two small springe. One 1• adjacet to the Qu.eaasan 

fork or the canyon, at an altitude o:r s.660 .reot. The water 

er:terges fro!'!l talus • arcad the discharge 1a about lS gallona per 

~inuta. The other eprin~ is adjacent to the sain stem or the 

canyon. at a.n altitude ot e.ooo f'eat. where about 20 :;allons 

per ~~nu~e e~er~e· rro~ talus and alluvium. 

E~Jarito ~nyon Source 

Tho now of this canyon 1a diverted by an earth and 

~ock-fill dam at an altitude or 7.920 teet in the canyon. 

~s structure is 6 feet high and 15 feet long. The drainaee 



area behind this intake ia one ancl one-ha.l.r aquare mil•• • 
and the minimum now appeare to be about ).S .ooo gallons 

per day. The now collected durin& the anov-melting period 
- ... 

1n the apring baa been as hip d lSO_.QQO pllcma per day • .. 
The low now 18 ted by a -11 aprhg ana at an altitude 

or a.660 teet when the water emerpa from. alluvium and 

talua 1n the noor oE tho C&l1J'OD• 

!.all! Ctnxon Some 

This 1a the least. ~ of t.lut avtace-water 

80Ureea. 'l'he low now ia onl.J' alMtu.t 10.000 pllons p.r 

Jay. lfaali" or this ia eollectecl beb1»d a 1ft earth and 

rock-till dam about It teet high aDd 1S r .. t long. !his 

sr.mll structure is in Valle Can7on at an altitude or 

g.a40 teet, i==tediately bel.ow a anall aprirlg that 8llcrgea_ 

from alluvilm and talus and which now a'bout tour gallons 

per -.inute. 'l'he drainage area or the canyon above 1a about 

two square !'Idles. The other baU oL the now 1a collected 

rro, a small aprinti on the north well o~ U1e canyon. a rw 
hundred !eet east or the amall dul. Thia aprl.ng aaerges 

fro~ fractures in the Tshirege member or the Bandelier tutt. 

The !!o'lf ot about f"our eallona per •inute 1a collected behind 

a bulkhead. Durinb the spring runcf'.f', u much aa 140,000 

.:;allons or water per day have been collected at both eourcu. 

•Y t "'I 1"1 f.!! 
~• .. er vanro.,. ->OUIJt! 

The ~ter collected 1n this canyon ia ~ the rlow of 

~hreo springs. Direct runotr from precipitation is not 
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collected. The largetrt ot the three spr1np 1a •t an 

altitude or s,ooo teet in a ahort braneh ot Vater Canyon. 

At this point a now ot about 90 gallofta per minute emerge• 

trom tractur.. in the Tahinp mwaber o.r~ Bandelier tut.r 

and 1a collected hehiftd a bulkbead pluecl ... irl the t..tt. The 

other two aprtnga •re both ... 11. ODe• hler1can Sprl.ng, ia 

a ahort cliatance aouth a£ Water CallJOil. a't u altitude or 
8,280 £eat. The water emerpa at the ftlltaet betwen latit.e 

or the rachieoma group and the crnr1T1q !ahirep ..U.r ot 

thfl Sandaller tuf'i'. The tlov ot ~ ft.•• pl.lona per llin

ute is collected in a concrete apriDg Ita ecmatru.ct.t around 

th~ opening. The smallest sprlng• Armatead Ro. 2, 18 adjacent 

to the fioor of Water Canron, at an altitude t4 1!.216 t .. t. 

The flow of about twO gallons per ~· ...-ra .. tro:s frac

tures in latita ot the Tschicoma group and 1a collected in 

a eoncnte spring box. 

In tha tour canyons where intake at.ructuraa are located 

in the atrearn beds, it :say be noted that the water collected 

per unit ot drainage area ia not unif"om.. This 1a primarUy 

t.he reaul t of the small eise o£ the intake atructurea which 

~re not eapable o£ storing the water ot torrential tlowa 

~hat oceu.- L, the summer ~ontha when the precipitation ia 

~latest. Those high dischargee paaa over the anall dau 

~nd are lost to the supply ayat~. Thia bJP&aaing baa been 

considered in the past and thought baa been given to the con

struction or larb"Br impounding structures. However. as 

point3d out in Black and Veatch report• (1946 and 19~) the 
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am>Wlt ~ additional water t,o be pined .trom the ~~mall vat.er-

abed.a doe• not jati.tJ the conatnct1oa coat. or ad.ditiocal 

dams. Also, u pointed out bT Steana (1948. P• 14) • it 

would not be worthwhile to attempt. to increase the apr1nc

tad now or the struma aa the cleq ~ ot the Sierra 

de loa Vallea allow an outlet tor- --' er tba aa.ll parched 

water bodiea of the area. ~ avface aGQrC.. now yield 

a small but 1nexpena1n aupply ~ •ter• nt attempta at 

major ·1mpro1'elU~ would not M juU.tled. 

Gr9S)sl Yl$1£ 

Exp~t_ion 

Following the Cl.i.schar&e t- lA ·\M Vall .. calclera 
., ~-"tl{,. 

and the confirmation that puapage tram that area would 

affect the flow or the aasoeiatad ~. thereb)r inter

ferine with the rights of dOIIft'latream aera. it wae nec .. -

sary that the exploration tor ~ wter be tlhif'ted to 

the eastern slope area. Some knowl.edge or thia area had 

been ;:ained during the Slm!IUr and. fall Of 1949 • and the 

stuJies were intensi.fied during tha !ollawi.nz vinter. 

ryevelcp~ent of additional vella by the .ummer or 1951 

was necessary in order to supply the additional water 

n9ed&J for expansion or the town. 

SO!:le e:xploratory drilling bad been atarted on the 

aastern slopo in tha summer of 1949. Hole Hl9 ... drilled 

in the townsite area at tha.t time to detet"!dne whether 

adequate watar-bearL~g ro~tions axieted at aeonooie depths, 
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and a eeriea ot teat hol .. 1n CODDect1an with~. under

ground moveunt ot wata procbacta had beezt etartad during 

that SWiller. Tb .. e latter bolea funl1a1utd additional data 

on the occurrence fd water. Field oNenatione weN bepm 

in the winter o~ 1949. By the llprinc ot 19SO it ._. decided 

that onl,- the un.ditterent.iatad unit o~ the Santa h group • 

from which vella L1 ~o L6 were ~. could be expect.ed 

to yield eupplemeDtal at.er 1n ur !llportant ..,.t. but 

there wu conaiderable apeculatioa • \o ~ Atiatactory 

water-bearing characteriltica ~ tllia a!.t. It Jaact been 

reported that the water levels ot wU. t1 to L6 had 

declined rapidly aa theao wlla were lJroqb into production• 

and the view was prevalent that th1a rapid decline ot levela 

would continue. However • fiflld atud.i.. 1n41cat.ed that the 

undi!!erentiated unit of the santa Fe· group probably wuld 

support additional wells. and an uploratOJT hole •• 

started at the aite or well Gl. in Oua,je Canyon 1n March o£ 

1950. l'lhile thia hole waa being drUled a pu:ruping teet on 

well L) gave encouraging reaulta. The t .. t. indicated that 

the rapid ieeline of -.ter levela was incident to the tirat 

phases of pu..-ze and had gradully dec:raaaad. Finally, after 

the exploratorr hole at the aite or 01 vae completed aa a 

well and tested • it beca~ evident that additional vall.a 

could be drilled in Gua.Je Ca.'1'JOI1• Th•e wlla. 02 to G5, 

were c~pleted in 1951. 
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Water ot the Various Strat1cftphic Unita 

1peb1c9!1 Oroup 

. The rocks or the Tachicoma group are animportant as 

water-bearinc uter1al.a. t.rhe aNll qun~ity ~ground 

water that aergea natarally 01l the alopea et the Sierra 

de loa van.. izldicat .. that th ... rocb 4o BOt contain 

important bod!•• or perched •tar at k1gb elnat1ona - at 

alt1tud .. above the tloors ~the deep eaDJ'ODII cut in the 

Tachieoma. In Qite ot the cleep ca!1J0U 1ll • outcrop 

area, which would allow reaq outleta to &Jl7 eoctained 

;round water • only minor &'20111'lta are 41acbarpd to· aupport · 

tho low now o£ the a'Mll atream~J 011 the 110mlta1l'l alope. 

Two teet holes tailed to ahow illlportant UOUftd-'Water 

reservoirs at depth. Role Hl9 in Loa. Al.aaoa Can7on round 

tho top or the main sene or aaturatJ.on at a tlepth ot about 

1.200 feet. Between this depth and 2.000 f'eet., the bottom 

of UlQ hole. the drill indicated that the rocka in wieh 

th? water occurs aro conerallT bard ad maaaive. Therefore, 

it was as~e1 that these rocka bATe a low eoet!1c:i.ent or 

pe~ab1lity and \'IOuld not yield large amomtt• of' water to 

r,he 111ell. Hole T4, about one rd.l.e north-t or H19, •s 

Jrillect to a total depth of l~S taet and 21 teet into 

water-bearing breccia in the T8ehicoma group. This bole was 

cased an~ equipped with a ~ tor use in waste disposal 

studies. ~o p~in£ testa run on hole T4 indicated a trana

~issibility of approx:i:-.ately 1.oco tor the aquU'er and show 



that 8Y8Jl brrecciated portiona fd the 'faehiCGII& group are DOt 

bizhly pemea~le. Hen.ce. thU croup 1s unaultable tor the 

development ot large auppl1• ot water. 

l:!ndll~tr TJlU 
The Bandelier tut'~ 11ea •11 above the •in water 

table. HGV8Tezt, SO!Itt perched w:ter 1a prMet. in places 

in th1• ~~~ • u ehawn by one '-t hole ad 1t7 a taw aprings. 

0!' a eeri• or eight holu that. ,_.uatecl ~ laDdeUer • one 

hole (Hl9) • yielded ..-ter. .lt tJl1a ·1oca11t.J perebecl wter 

waa encountered between the depth8 td 450 a4 412 f'Mt 1n 

lump pumice o! the Quaje D~Ulber. r..- apr1Dp eaerp trom 

perched aonea in the Tahirege --..:. • at placu where this 

me;:tber extends to high elevatiou on the alcpea of' the Sierra 

de los Vallea. Two ot th-~ .. GJle llcftd.ng about 25, 

the other about 40 gallons per aillute• emerge troll pumice at 

the baao o£ the Tahirege 'Mmber near the head ot Guaje Canyon. 

'These •pri.~ form the headwatera ~ the atream in thie canyon. 

(See p.131.) Another apring __.ga traa tractuna in wlded 

tuf'! or the Tshirege menber 1D Water Cu.J'orl• This eprin.e; 1a 

at ~, altitude or s .ooo r .. t lJI the c:al1J'Oil and now. about 

70 gallons per minute. l aprin& ytel.d1Da about 4 gallons per 

~ute ia at an alt1t1ude o£ 8•)00 teot in Valle Canyon. 

'!'his spring also amereee fr:.m fractures in welded tuff of the 

Tahirege ~ecbcr. 
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tho main •ter table. but perohed •ter is preaent in 

places in this conglourat•• ad at cme loealitT ~h• 
' -: 

lover part o~ the COAg].cmera.te 11• 'below t.he ain water 

table. 

Three teat holea encountered penhed a:ter in th<t 

Totavi lentU or the Puye. Holea fl., ft• aDd f3 .ucoun

tered water in t.hia lentil at ~ rang!Dg traa 600 to 

goo .reet. All o~ th ... holea wre euecl. eqalPJ*l 1dtb 

P-i1ll punpa. and pumping testa Wl"e run 1D COJmect1on with 
... 

waste disposal atw11e.e. Testa at wll n. th• "eat well 

or the group. ahoved that where the lenti11a relatively 

tree of silt the tranamisaibillty ia about s.ooo. Thia 

1a a fairly high value tor auch a thin sou ~ .. t.uration. 

Aeawdng that tha th!cknaa oE aaturat1oft a about 30 IMt • 

a pe~ability o.r about 170 1a indicated. B•vertheleaa, 

thia water 1a uni'!llportant. Large quantit1e• ot water could 

not be p\m!pe':1 from the lentil becaue the SODe ot aatura

tion is thL"l. 

Two test holes encountered perched wter in the 

fant:lor:terate "!Xltlbttr o£ the Puye. Hole TU encountered 

water between 212 and 215 feet. 1n an internow sone betwae.."l 

!:.\fO basalt nows in the fang~Ol"'Ar&te • Pump1ng testa indicate 

that the permeability of the inter!low sene is low and that 

the water is prasent as a lena. When the lena or water ia 

rjl~tivel:r larcc and is roce!ving rechar:;e !ron s\l!!mler rains, 
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the well will yield three ~o tour &a].l.OJ18 per Jd.nute for 

a aonth or tvc. In the winter and apriD& when the lena of 

water 1a .-n. the well pU!Ipe cl17 after a pumping period 

of about one hour. Hole T2A eDCOliDtered perched water at 

a depth or 110 teet 1ft eoagloaerate 1a the fanclorterate 

member. !'hia local body o£ w.t.er Ti.U. al)oU t1 ve gallorus 

per ainate tor a period ot 10 ld.Jmt• before MiD.& PWIIPed 

<lrr. 
One apriDg nergea from tile ,.,... !h1a apr1q 1a 1D 

Aneba Canyon • about three-qurten ~ a 1111• lfMt ot the 

Rio Grande. The •ter emarpa f:roOI!l a perellecl son• 1D the 

Totavi htntil• and the 41acharge ia abo\tt 50 plloq per 

minute. 

The lower part or tho Puye 1a below the sain water 

table at the aita of Hole H19 in Loa Alamoa Canyon. Here 

the main water table vas encountered at a depth or 1200 

faet, lC feet above the base ot the fanglomerate member. 

Farther down tha bole • below a quarts latite tlow which 

takes the place or the lowest part o1: the fanglomerate 

l!ta.mber in this locality • the Totavi lentil wu encountered 

between the depths or 1480 and 1.490 teet. nearly 300 teet 

below the main water tabla. The hole was not tested !or 

water production • bnt it ia iinprobable that the 20 feet 

or saturation would yield important quantiti .. or water 

to a well. 



8a•a1tic Roekt or Cbino Meta 
'l'he bualtic roca ~ Ch1Do .... an above the 

main water table • and they c!acharp 110 brportant quan

titiea o! perchecl water 1 eTen 11hera t!ae7 are breached by 

White Rock Canyon. Therefore. it cu 'be aaaumed that theae 

roeka contain DO tmportant quantities •t aYailable water. 

One s'Oall aprln1 ia present about :JOO 7arda abOYa well L4 

in Loa ll~ Canyon. Thia Qria&. tlloa.&b ... rgin& trom 

alluvium, muat be ted larplJ' tr. the bual~ that cropa 
l . 

out bmlediately weat.. J.lcma 1fllit.e leek Ce,aJoD. ao•• water 

that. appeara aa aeeps and -11 apr1np acljacent to the 

Rio Grande probably diacharg,a ~ intartlow sone• between 

the basalt nowa expoe.ed in the walla or the eanyon. !be 

water passes downward beneath talus t.o •erp adjacent to 

the strear.1 course. The total now or all the ....U apriage 

and seeps in thia canyon 1• not large. It 11 ot no impor

tance to the Loa Alamos supply. 

Undifferontiated Un~t gf tht santa Ft Grogp 

Occurrence of Water, -- At the root of the eaatern 

slope • adjacent to the Rio Grande • there are expoaurea ot 

tha undi.fferentiated unit or the Santa Fe group. This unit 

composes the bulk of the fill of the Rio Grande depreaaion 

in the a. rea and is of great though unknown thickness. The 

base has not been reached in any ot the aupply walla which 

wero drilled to 2.000 teet. The lateral boundaries or the 

unit are, on the west. faults underlying the central part 
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of the volcanic rocks of the Jemas Jtountairus. and • on the 

east • the fault sona at the western root ~ the Sangn de 

Cristo Mountains. · 

The undir!erentiated unit ia compoaed ot poorly con

solidated silty sandstone and aand7 ailtatona with some 

interbedded baaalt. Thore ia also ao.e conglomerate that 

is important 1n the aubsurf'ace 1n Guaje Canyon, and thin 

bods or elay are not unccmmon. Theae rocb compose the 

aquifer that yields water to the vella in toa Alamos and 

Guaje Canyons. the two groupe ot wU. that supply Loa ll.amoa. 

The study or thn area ha.s ahown that the unditter

entiated unit is almost completely saturated. The thicknesa 

of tmsaturated matarial at the top o£ the unit represents 

only a s~ll fraction of the thickness of the entire fill. 

This unsaturate~ portion is thick~st along the east and 

west margins ot the Rio Grande depression. Alone the 

:nargins or the depression the unsaturated upper part or the 

unit is as much aa 500 £eot thick in places. However, as 

the water ~oves fro= thesa outlying arsaa to the Rio Grande, 

the top or th3 sone or saturation slopes to the river, at a 

lesser rato than that of the general land aur!aeo. At the 

river all beds below stream leTel ara saturated and the 

stream rainn wator from the eround-wator body. 

~'later-table conditions exist near the margins or 
the depression, but ov~r ~st or the valley tho water is 

con.f!.na,j. The pie:onatric sur!' ace • like the water table, 
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elopes to the river. .Along the axi8 of: Cuaje Canyon thia 

surface slopes· eastward at a rate ot about 70 toet per 

mile. East of the Los Alamos area, on the east aide or 
the depr~ssion, ita slope 1a weetward at a rate or about 

65 feet per lltile. (See fig. lJ.) These are pneral 

tigurea, and on both sides of tho river there are local 

11T3gularit.iea in the slope. In plac .. , u between vella 

r.4 and G5 in Ouaje Canyon, the gradient of: the piasometrie 

aurfaee is only 50 feet per 1111•• but between vella G2 and 

GJ it steepens to more than 100 teet per mile, apparently 

bacausa of a buried fault between the latter two wells. 

Several poorly exposed faults have been noted on the sur

face to the west of Otowi bridge. (See pl. 1.) The faults 

probably are the surface expression or a fault sone which 

is more proMinent in the subsurface. 

Although it is convenient to reter to the pieaometric 

snrfac~ as if it were a plane, such a simple condition does 

not ~xist. Bccausa of tbs interlayering or beda ot varying 

perme~bility in tha complex aquifer, each water-bearing bed 

has a pie~ometric surface of ita own, sloping to the river. 

':'h~; vertical spMad of these numerous aur!aeea !or various 

~ones or beds at a given locality probably is not eroat, but 

in outlyinr parts or the valley. as at well 05 in Gaaja 

c.,.nyon, the piezometric surfacea repreaentative or shallow 

watar-bnaring beds ar.(! several. teet higher than those 

.1ncountared at zraat depth. Wat~r !s movinG downward as well 
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------,) aa lat.erall.y 1n thia loca11ty. The reTerae coDdition exiat• 

near the Ji:v.r. Here. the piHOI'Htrie aurtace increaa .. with 

depth. Water ia ruing to the riTer• and th• piuome~c 

aur1"ace repreHUtatiTe or deep btlda 1a abon the lal'ld surface 

1n areas ~ low topography. . Hence, tl.oldllc arte•ian •t•r 

may be obtained tro. dHper wen. 'Which an located at lower 

altitudea near the river. .le exaaplea. vella Ll• L2, and L3 

all n owed when they were eomplete4• ancl bo ..U. at Buckman, 
... 

=irilled to unknown deptha a D'IJ'Iher ol.' ,-.an aco. atW t1ow a 

few gallons per minute. 

Availabilit% or 1fater.J - hrbapa all ot the Tarioua 

types o£ rock 1n the complex afl'l11'v ahould be eouicler.d u 

water bearing. In the long 1"UD, u •tw la witbdravn t'rom 

the ~oro per3eable beda by vella and ~· head iD these beds 

is lowered, s1bllif1cant quantities o~ ater ana obtained 

frcm even the clay beds by leakage into the adjacent acre 

pe~ea ble beda. However • the .... with whieh the clitferent 

types or rock trans~it water--or yiel~ it directly to wells-

varies with the permeability. The moat permeable bed8 trana

~it and yield water most readily. The l ... t perseable beda 

tend to act ~inly as confining or semi-confining beda and 

are of little direct i~ortance in the construction of wells 

.:;,xcept for the placament or screens. 

wncn a well field was first being coneidered in Guaje 

Canyon. 35 sa~lee of the undit£erent1ated unit were tested 

to dete~ine to same extant the variation or perneability 
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o£ the various types or material that crop out on the sur

face. or these 35 samples. 18 were selected from five or 
the ~st permeable type beda that were exposed in tho arsa; 

seven wera sel~cted trom tour beds that aeemed to be worthy 

ot consideration in wal1 construction though leaa permeable 

than the beat type or aandatone; aDd ten •amplea ware 

selected from beds or relatively low permeability. 

The most permeable typaa an piDJd.eh U87 aandatone that 

is very poorly cemented and which ~1 ahowa croaa-bedding. 

This sandstone ia composed or tine to coar•• eand eisea with 

so~e silt. The eoetticients or permeability_/ or the lS 

J -- - . 
Meinzer units, Stearns, 1926. 

snmpl•Js tested ranged from about five to one hunJrecl. with 

rnozt samplas fallinc between ten and ti~ty. Thia type of 

sandstone composes only a amall traction or the unit. pos

sibly five to ten percent. 

~o~ewhat less pe~ablo beds consist or grayish pink 

sanJston~ that is massive to thin-bedded and moderately well 

ccmcnt3d. The seven sa~plea !rom tour different beds showed 

· a ran[e in tho coefficient of permeability from about tivo to 

fifty, and fivo of the seven samples ranged bPtween five and 

thirteen. Such beds are estimated to compose about ten to 

twsnty percent or the formation in tha area. 

Samples from tho mora eommon types ot rock, siltstone, 

vary silty aaan:ist.one, and sandy siltstone ranged in the 10 

samples selected from about one-tenth to five though cost fell 

between one-tenth and one. 
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Samples or the thin elay bada were not tested nor 

the eonglomerata that oeeurs in the subsurface in Guaje 

Canyon. 

'!'hough some o! the per!Nlabilitiea described above can 

be eonsidered moderately high ( 100 gpd. per root) only a 

very small proportion or ths rocks poaaeaaoa what ~ight bo 

eonsiderad moderate values or peruabllit7. Aecoriin.(~Y. 

1 t is impossibls to deTelop vella ot high y!Gld in the 

undifferentiated Santa Fe 1 even when a relat1'Y•lJ' p-eat 

thickness or rock is penetrate~ and the formation eannot 

be consider&j a -high-yielding• aqairar though it is 

dependable. 

Recht1rr:e, Circulation, and Diacha.rge:- 1'he water that 

cecum in the undifferentiated unit enters the ground along 

the ~~r.ins of the ~io Grande depreaaion, alon~ a longitu

iinal strip adjacent to the boundaries or the depression. 

T•'ro~ these areas it moves very slowly through the various 

typas of rock to the ~io Grande. 

The recharee occurs by direct infiltration or precipi

tation and by influent seepage trom small atreau. In the 

Los Alar.1os area there is scm:e :iireet in.f"Utration of pre

cipitation. probably a very small amount, on the steep 

slopes or thg Sierra lo los Val1es and on the tlat-lyin£ 

1nterstream areas or the Pajarito Plateau. Mora important 

quantities probably seep into the ground !rem s~l strsac.s 

and rivulets on tho lo~r slopes or the Sierra and on the 

wostern part of the Platanu. For ex:1mple • the noo:l runoff 
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,_ 
or aueh etrea=a and ri vuleta rarel7 reac.bea the Rio Grande. 

Atter the he•TY thunderstorms (that occur 1~ the •~er 

months}, a great part or the water 1n the small atreama 

seapa into th• &round near the toot or the Sierra and on 

the weatarn part or t.he PaJar1to Plateau. In a few places 

then a:ro blportal\t loaaea u tar eaat aa ta outral part 

ot the Plateau. In Paablo Canyen 1t baa been not~d that 

there are il:lportant loaaae Jut aoutheaet ot \be Otowi 

ruins. at • point where fiood•t•ra reach aD area ander

lain by the Puye conclomsrata &Dd the GuaJ• aeaber or tha 

Bandelier tu.f£. 

A part of the watGr that percolatea downward through 

ths roeka or tho ~ountain and plateau areas torss local 

bo1ies ot perched water 1n ~e rocka overlying the undi!

!nrent!ated Santa Fe. So38 o£ thia percheQ water ia dis

char:.:;ed from these overlying rocks within the mountain and 

r,lateau areas and along ~'hite Rock Canyon. (See p.140.) 

This water dccs not reach the und1£terent1ated Santa Fe. 

:\ l~r~;er fraction of water parcolatea downward to 

r.he zone ot saturation in the undiftarenti~ted Santa Fe. 

H ."2re 1 t bec:>:~es & part of a slowly esov1ng body ot water 

that d isc!'lar~;es to the Rio Grande. The circulation throU[. •. h 

r:h~ flat-lyint: rocks of varying permeability is co:uplex. 

'l~ can:!ral, there is a considerable downward eot'!pon.:!nt ot 

~cv~;..,ent. in the strip ~here the greatest recharge is 

r'"cei v·~j, and th~re is conaiJ.erable upward COl'llponant o! 

~ovo::ent n~ar the riv~r, whare the water is riainc to the 

·..;::rea~ bed fro~ c:rllat depth. {See p.l43.) There is a further 

146 



complication caused by the laJerinc ot beda ot varying · 

permeability. The sore permeable ~eda tran.mit greater 

Tolumee of water: the lese permeable beds tranemit lesser 

Yolumes. But two beds or the same tranamiaaibility. preaent 

at different lavela in the formation• ~ran.mit dit!erent 

quantities because or • dirterence 1D hydraulic gradient at 

the two different leTela. The &rad1ent 1a ateep•at at the 

top of tbe aone or saturation where wat.r particle• are mov

ing in essentially a direct line fro:a t.he r.charge area to 

the discharge area. On the other bnd• the gradient 1e Yery 

low along streamlines thnt eneJld to great ••pth and have a 

pronounced curvilinear trend. 

Tha discharge to the ri Yer tram both a idea of the val

lay contributes water to the atreara. Thia ia indicated by 

past raecrds or muaeura~enta of the riyer tlow at • gaging 

station a.t Otowi Bridge and another station (Cochiti) 21 

miles south. The measurements at the two atationa show that 

there is gain in dry weather of the order o£ SOO or 600 ~al

lons per ~inute per 2ile or river between the two points. 

This L~crease in water is deriTed largely from discharge 
r 

fro~ ~~a undifferentiated Santa Fe though soma smaller 

part is ierived from discharge or overlying units along 

·~;'hit·! ?ock ~nyon. (See p.140 .) 

?u,ping Taats:--A n~~bar of pumping teats were run 

i~ order to dete~ine the production characteristics of 

·,mlls an:i the hydraulic constants of the aquifer. Tho 

first t3st was run in the Los Alamos Canyon well field. 
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the .tield developed under the npen1aion or Black and 

Veatch between 1946 and 1941!. 'ftl1a teat w.u 1"UD 1n the 

spr1n£ ot 1950 when 1ntormat1on we aeeded to 11.1batantiate 

exploration at the aite o£ wll Gl. Later. •• each or t.he 

ti vo Guaje Canyon walla were C031Pl•tad• additional teat a 

wen run at each or thua wells. F1ully • alter the com

pletion or all the Ouaje Can7on •lla, a tiDal tut; .. 

run in thia tiald in the QriDc or 19S2. 

Figure 15 ahowa the plaa .r the aiz wUa in the Loa 

Alamos Canyon t1eld where the tim ten - run 1n April 

and r'TaY o£ 1950. Three ot the •lla (Ll• L2• an4 L)) are 

g70 feet deep and three (L4,. L5• aDd L6) ran.- fl"Oll 1.750 

to 1,965 teet deep. Condition~ tor the ~ were not 1deal 

as it was not possible to shut <!own all wella • ai~ !"or a 

nearly complete recovery, and then pump a a1.Dgle well vhllo 

observing the ertects or ita diacharge, tnaamuch .. it ... 

noeeeaary to supply the town w1t.h water cl11r1ftg the experi

mental J'U."1P&ge. To aeccnrpliah both purpo-. weU. L4, L5, 

and L6, the best wells. were Mlected to aupply the town. 

and wella Ll, l21 and L) 1 the pooreet wlla, were aaed !or 

testing. Tha latter wella f'irat ....-. •hut orr tor two weeks 

to <tllow tho recove.rr or water levels to atabUisa-than well 

L) was purnpod tor two weeks--and finally the pumpi~g •t L3 

~~s stoppad and the water level allowed to recover tor an 

additional two weeks. Water-lovols were meaaured periodi

cally a1: wells Ll. 12, and LJ and at two ahallow teat holes 
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closely adjacent to Ll and L). In add1~1on. a short teat 

was run at wel~ L5 • one ot the deeper well•• Moat water

level measurements during the teating were made vith a 

st~~l tape. 

The teat was not entirelJ auceesatul. In the tirst 

place the rate o£ pumping at well L) waa not constant. 

During the two weeks pumping period o~ well Ll the dis

charge or the pump declined troa 460 ca11ona per minute at 

the beginning to. )00 gallona per wd.mzt• at 'h• end of' the 

test. Further, a vide range of' Yalue• ot tranaJd.aa1bU1 ty 

~re obtained because of the Tariabla peraeability Of the 

aquifar, possibly in part as a conaequenee or 1'ault.e 1n 

the area ot the well~. Because ot the low permeability 

in the locality of wells Ll and L2 the water laval ot Ll 

. anri an ~djacent shallow tast hole showed apparently only 

~ mnall effect or pu:mpage at L), a slight retardation of 

racovery during the six weeks. Leas distinct consequences 

of ~ha faulting i~ tha area may have eauaod in part the 

wido ranre of trans~issibilitiaa cocputad by Theis and 

Conover (Theis. Chas. v •• and Conover. c. s •• 1950) from 

draw1owns and recoveries in the wells. (See tabls 1.) 
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Table 1.- Computed falu• ot ~:1r. ta 
or tranalliaa1h111~t ud It 

tram !~at 1n Loa Ala.os CanJOR Wall P1eld 

MethOd fiiaiijaffi;l•ntli~ii 
Dra.wdown 1D well t2 aa 4.100 ,.p.L; par tt. .0033 

result fd papin& ... u L). 

!ecn~in well L2 after 4.100 • .0033 
pump wll L). 

Recovery 1n nll L:J a.tter 
pumping well t). 

1.400 • -
Recover,' in •hallow tea~ hole 2.900 • -adjacent to well L) after 

pumping vall L). 

Dravdowna in vella L2 and Ll 
at conclusion o£ pumping 

2.600 • .0033 

well L). 

Drawdown in well L5 aa result 6.soo • -ot a brier test on well LS. 

_/ 
Attar Theis. c. v. and Conover. c. s., 1950 

150 



Brie.t pumping testa were ran at each fd the GaJ• 
Canyon wlla (wen. Gl to GS) 1wed1atelt attar each or 

theae wU. had been completed. After caaizlc and •creen 

had been eet and a gravel ~ck aapl.aced ~ the wlla were 

developed with a turbine pump. The clevalopment. coDaiated 

or pumpinc and aurging until the water- elear. cenerally 

ror about 46 hours. Then. when the reeoTeJT ot wter level 

following the denlopunt wu •••.atiallJ' e.plet•• 4&-hour 

pumping testa were run. 1'11'1" 16 ahowa the"lan or t.he 

wells. 

The pumping teata couiated. u1nl7 ot pln!IP1q each 

well at a constant rate ror a period or 48 lloura although 

well 03 wo.s pumped tor eight .. ,... The conatant 41ecbar&• -

in some caaea 500, in aom• ca ... 600"1&1loDa per minute

was !lte&sured with a calibrated or1t1ce. IJv1Dg the period 

of pumping the water level in the wlla _. .... urecl with 

a continuous air-line recorder. Following the period ot 

pumpinL the water levels ware maa.ured with a steel tape. 

'l'he pu."!Sping level at the end o£ then brlet p1111p!ng 

teats indicated that the spec1t1e capac1t1•• ot the tive 

wells ranbed fro~ about 5 to 7 gallon• per. minute per toot 
\, 

of .irawdown. Points taken £rom the air-line recordara and 

plotted on seci-logarithmie paper were erratic• and these 

drawdown curves were or 11 ttla value. The tape :aeuure

~ents of the recovery • however P tell ••rr near a straight 

line ~hen plotted on semi-logarithmic paper. An example 
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o~ one o~ the plota 1a ahOND 1Jl Fipl-a 17. Talus or the 

tranam1aaib1l1ty 1n pllona per cla7 par .toot wre computed 

from the 8trai&bt line plota uing tile method ot Jacob 

(191.6). In moat caa .. the calculation •• corrected to 

take into account a lack o£ cocp~ NCOY817 or the vell 

from the paping during clnelopant. AD exusple or thia 

correction ia giyea 1D Figure 17a. 

The calculated tranacuibW.t7 raDP4 MEt*t rro.a 
well to well - trom a low Y&lua ~ 1.500 at wU G) to a 

hizh Yaltte or 16 .ooo at. well 01. Wa1.la a. 04, ud OS pTe 

values or Io.oco. 12.000. and 11.000, ~cti:nly. In the 

ease or well G)• the low value probably u due to the bound

ary e:rrect or a buried fault 1lfMh apparetl)' exieta between 

wells 2 and ). In the ease o£ well Cl• the high value is 

ths result o£ an 1nconrplate recOTery or the well before the 

pu:::piL :; test was ata.rted and tor lllhieh a eon-eeticn could not 

be ::ade. The values of' transmiaaibilitT that ranced .trcr"' 

1o.coo to 12.000 are believed to represent a cloao appro:xi

!"uat~on of the transm.iuibility of the rain water-bearint; 

beds~ 1. e. the acr;regate o~ about 400 .teet of beda that are 

adjacent to screen in the vella. Thua. these values of trana

~isaibility are not believed to be repre•antative of tho trar4-

~issibility of the entire aquifer. The transmisaibility of the 

entire aquifer probably is between 15.000 and zo.ooo. 
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A 13-day pwapil'l.& teat wu J'UD 1n the Guaje Canyon 

well field 1n 'March or 1950. toll.owin& • ,o-c~a,. ahutdown 

of the Ouaje vella • Walla Gl aDd OS at either end ot the 

tield were pumped COil'timloualy d1lr1Dg tM 1)-4ar period. 

The diecharp at well 1 Yarlecl f'ro. SJ5 to 520 and averaged 

523 gallou per minute. The clf.acharp at well 5 Yarie4 
"t' 

from S4S to S:JS and averaged SJ9 &allcma per a1mlte. Dur-
~ 

ing the period of pu.mp1.'lg, •ter leftla wre '.....-.d ~ 

steel tape at wells G2, 0), and 04J · ud b7' airline recorder 

at wells 01 and 05. Following the l3-cla7 pap1ng period, 

me&aurementa ot the reco~ or water lnet. were ude by 

steel tape at all five wells. 

By the end o! the pu=ping period the water level or 
well Gl was lowered lOS teat • indicatin& a apeci.tic c.paeity 

o.r 4.e .~:allo.."'US per :Unute per root and at well G5 it was 

lowered J9 feet. indicating a apecit1c capacity or 5.4. The 

water level of W&ll 2 declined 1].2 feet; that Of well )• 

5.2 .faet; anJ that or wll 4, 11.6 f'eet. Plota of the draw

down and r~eovery or water levels are shown in Figures 17b 

to 17k !n tha append!:5.t. 

Values of the eoeffieisnta or transoiaaibility and 

storace were c~uted from the straight line portions of 

the s~...i-loe;arith:rlc plots~ uainb the method of Jacob (1946). 

In these eo~utationa it was aaaumed that the e!teeta of 

w~ll ~1 did not extend to well 04 and that the effects of 

:>t~ll G5 .iid net reach as .far east aa well G2. Thie 1a a 



aaf'e anumption aa there 18 DO break 1D the ctrawdown car.,.. 

~ wll• 02 aDd C4 1ddch wou14 1Dd.1eate then effect•• --Computed' ftl.uea or the coe.tt1e1ent• ot trana1!d.aa1bllity 

and atora.ge are ahown 1ft table 2. !he nl:a• or transmiaa1-

bility cover a vicla ranee. troa 7.700 tor one aepent ot ~ 

drawdown eune o~ well as to zs.ooo tw • ncoverr CUM• 

or well G4. '1'be low valu ot 7 i'IOO 1a apvioa. The hpent 

or the cune that yielded thia Yal• pro1aab~ 1a iadicatiTe 

or a bounctary e.ttect. The .......... er tlle ether ftlu•• or 

transmiaaibility g1Yen 1n table 2 1e 16.000. !be coettic1ent 

or atorage ean be cal.culated Cllll.7 tra. the dra1ftlo1m euJ""t'U ot 

walla 02 and G4. Both calcul..Hiou ~ \b.1a eoetticiat 

cheeked cloeely. One eurve yiel4e4 a Talue ot 0.0002. the 

othar 0.0004. Howovor. as will btt po1nta4 out below, leak

age fr'om the eed1manta ot lov permeabU1tT 1a an important 

phonomsnon in the aquU'er. and the true Talu or the ator

abe coefficient of the aquifer probably 1e DOt reali&ed 

unt U a long period c4 pU!!lJ)ing. or maybe yeara 1 baa elapsed. 
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Table 2.--computed Valuu ot Coetficitmu 
or Tranardu1b111tJ an4 .,orap b-ola 13-4&7 

Teat in Guaje Canyon Well Field. 

'' 

Method &;;;ill&tfint§t£i;ii; : - • 

DravdOWD 1n wll Gl U 11.100 ,.p-4. per tt. -a result or pumping 
wll Gl 

Dravdovn in wl1 G2 •• 1s.ooo. • 0.0002 
a result o~ pumpinc 
vell Ql 

Drawdown in ...U 04 u 1? • .500 • 0.0004 
a reeu.l.t ~ pumping 
well 05 

Drawdcnm in woll a; ... 7.700 • -a roaul t or pumping 
well G5 

Recovery ot well Gl after 14.700 • -pumping well Gl 

necovary of vell C2 after 16.500 • -pUMping wall Gl 

Recovery ot well G4. atter 
pw::tping well C 5 

25,000 • 
-

Recovo.ry of: well G5 after 
pu..-.ping well C5 

12,000 • -
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Several d.ravdown and raeovory curves h-ell the 13-day 

test show anomalous Eeaturea which indicate the importance 

ot leakar.e in the aquifer. The drawdown curYes or wells 

Cl, 02, and G5 {figs. 17b, l?e, and 17f) are excellent 

eJ<amples. The drawdown curves or thaae three wells were 

normal only during the tirst 100 hours o.t pumping. During 

this period, the semi-logarith.te plots show an initial 

adjustment in the aquif'or llfhieh 1a followed by a aeries of 

points that lie essentially a1ong a straight line. !hie 

strniJ;ht-line sequence should ha'Ya continued• with the 

water levels declining at a logarithmic rate. lear the 

!CO-hour mark, howaver • the elope or the line through tha 

plotted points decreases. Between the 100~ mark and 

the end of the test (312 hours), tho slope of the line 

contin~d to decrease indicating that a new •ouree ot 

water was available. BetWGen 100 and 312 hours attar 

ptmping bel;an. ir.lportant quantities or water wore leaking 

into the beds from which water vaa being removed directly 

by pu....""ipat:e and the coefficient of storage •• inereasirlb• 

Tha explanation or the l&aka£e involvea tho lithologic 

character or the aquifer and the construction or tho wells. 

7he aquifar ia cornposej of intarbedded sandstone, siltstone, 

and clay. All of these types ot bods transect the sonQ of 

saturation. However, the rnost pe~eable sandstone beds, 

~'fith an :u·.greg"ate thickness or about 400 feet in tho:! 2COQ

root l'lells, are adjacent to screen. Leas pel"'!!!eable sandstone, 
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sil1astone, and clay are adjacent to blank caeing. When 

the wlls are pumped, water 1a finrt reao•ed trom storage 

in the sandstone beds • but after a period or tima theae 

beds act in considerable part ae conduits. ~a the head 

declines 1a thaae aandatOlla beda • wat-er begins to move 

into them tras adjacent lGsa permeablo bede which act aa 

reservoirs. As thia process ot leakage god on. the eo

~f!ic1snt or storage changes. Bane•· T.&luea or thia 

coefficient ara related to time. ,._ coatticient or 

storage 

c.oocJ. The value eomputed lroa the test in tha Loa 

The reason 

for tho difference 1n the two Yaluea 1a not at present 

apparent, but in either case it appe.ara that they can be 

taken as minimum values. 

Doc1ine 2[ Water Levels:-- In .. ny aquitara the rata 

of 'iecline of water levels can be predicted aith accuracy. 

In hcmozenaous aquifars or laree areal extent. or having 

kno~n s~le boundaries, the eoetficienta ot transmissi

bility and storaee can be determined from pumping teats, 

~nJ the rnte or decline or water levels as • re•ult or 
p~a€e can be pr9dicted by the Theis equation (Theis, 

1935- seep. 118). Dif!icultiea in the application or this 

~quation to the decline of levels in the unditterentiated 

unit of the SaRta Fe have been indicated by pumpine tests. 
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lll ot the teata ahaw ~. d1tt1cult1•• ot 4etend.n-

1ng an approximate ftlue o~ the ~t1c1e.d ot traumiaa1-

bility. In acld1t1on. the lJ-<Ia7 tat ahowed that the ette~ 

ot leakage 1ft the aqu.Uer 1a quite ialportant• aDd conn

quentlT the aqu11'er doea not haw a OOft8tUt eoetticient ot 
... .. "\ 

ato~...... llnerthel•••• •• the we1Ji· are pw:~ped and the 

eonea o£ 4epreu1on expr.nd • water w1ll 1Mt ¢raw trom greater 

and ueater diataneea • aDd u a fiiit qprox!mat1on the · 

decline ot lnel.a front year to ,...r v11l tollcrw approximatelr 

a logarithmic rate. 

In the Loa Alamoa Cc\JOD wll t1eld (...Ua Ll to t6) I 

at the beginning or 19SO,. after approxiatel7 two yean ot 

pumpage at an avera.te rate ~a~ SOO ptlona per Jdnute 1 

there ..a a non-pumping water t.vel about )S teet below the 

original piesometrie aurEace. Betwe ~ 1Mgimdng ot 1)50 

and 1953 there was an ad.ditianal decl.iDe ot betlMen 2.5 and 

.30 teet • to a level between 60 and 65 teet below the original 

piezometric aurtace. Thia latter decline accompanied a 

lareer pu..-apa.ge rato averaging about 1.000 gallona per minute, 

a rate that probably w1ll be eont111Ud approxitaatelT in the 

future. !f it could be assumed that all conditione would 

remain si:11ilar to those tram 1950 to 195). a total decline 

of approxil!tately 125 .teet ahculd be exp9cted by 1975. On 

the other hand, pucpage £rom the Guaje nll field (walla 01 

to 05) will eventually affect the trend• and u the pmxpage 

fro.,_ this fie lJ is about equal to tbat or the Loa Alamos 



field• the leYela •hould thereatter clecline at. approxi

mately twice their prnioua rate. T.bere 18 llO meana o~ 

predieting the tiM llhen the er.tect ot dle Gaaje vella will 

reach the Loa llamoa f1ald. .. leakage will retard the a:pan-· 

aion or the cones ot depresaion from the" vella. HovaTer. 

leakage .fro1l the aquUer and tbe eventual nducUon or the 

cliacharge from the aquitv w tbt lio Cl"&Dde w1ll IIIOderate 

tho projected lowerin& with the naul~ ~bat ~be 1over1nc 
It-

probably v1ll be lua than gina b,- the atraJ.Pt. loprithmic 

projection. 

Pumpage or a magnitude wort1t eoulderiJlc lHtpn 1n the 

Guaje field at the beginning ot 1952. DaJ-1Dc tH tirat rear 
tha pumpage rata averaged 660 gallou per ldnute. and the 

nonpumping level declined betwHn 15 aDcl 20 reet. During 

195) and succeedint; yaars. the pumpace probabl.T will increase 

to about 1.000 gallons par minute and the clravdown cum ahould 

ateopen al!rhtly. With no etfect ~ th• Loa Alamos tield 

the levels ahould decline toward 50 teet by 1975. However. 

the effoet or the pu:nping in the Loa Alaoa .field will 

~ventually reach the Guaje wella• and atterwarda t.he lenla 

will decline at about twice their previous rate. It it 1• 

assuned that theao effects will reach the tield at the begin

ning or 1954. the levels should be about 75 feet below the 

ori,::;inal piesometrlc surface by 1975. Tbia would appear to 

be an outside fir,ure as !ncreaaing leakage in the aquifer 

probably will retard th~ declining water levola. 



The abon estlcsatea d l.oMer1ng are giYeD onl.7 to 

indicate the magnitvde to be expected. Beca_. o! the 

many complexit1ee inTolYed in evaluating the long te~ 

lowering. auch anal7aia 1a b.,-oncl the acope or tbi.a report. 

Continuing d.ata an bein& pthered. on the changes 1n water 

lnels in the aapplT •lla along with reeorQ o£ pumpage. 

It is expected that naluation ~ \h1a data w11l permit a 

reuonably accurate predictien ~the expeGte4 decline of 

water l.evels. 

g,beeieal !al!tx g( JUg: 
by J. D. Hem 

S&"!\Plea or water have been obu!NKI from time " time 

trom aach of the Loa Alamos city 8UPPl7 wlla 1n Loa Uamoa 

and Guaje canyons. ·The reault.a o! ~· anal.pea which ill'" 

'"'.b; ~able 5Jahov t.ha quality o.f ,ground. water in the undi!'far

ent iated unit or the santa ,. group which auppliee Ule v.u.. 

Included in the table 1a e anal.yaia for an abencloned rail

road well at Buc~. 

Watar trcm the Loa Alamos Caft7on well t1eld u low to 

~erate in dissolved solida. .Moat ot the wlle cone18tently 

yield water having leas than 250 ppra of diaaolTed aolide • and 

all yield water having less than 50 ppm hardneaa. Except tor 

well L6 ~ those which were sa.'DJ)led ~~are than once ahow little 

change in quality during the period or record. Silica gener

ally ranges between )0 and 40 ppa and is not aa high in the 

WAter fr'm these wells as in most ethers in the region. 



nuoride c012centration 1D watu!"-._t:- well L6 S. acre than 
,, 

2.0 ppm at timea. In all other wlla 1D at. field it ia 

below 1.; and 1n moet or 'tha a 'ba1GW 1.0. The Hat at.er 

ia obtained trom the weet.er.utOat well 1n th1• group. well L4. 

'l'he pr.iominant Dd.neral COD8t1tuauta ot the water from thla 
wll tie~d are •ocliu:a and bicarboaata. ~ tor the 

nuoride or well L6 tbe mineral eoaatitUDY ot •ter troo 

this .. n .tlel.d all are within acceptable 1.1Jdta tor 4oaeatic 

and r:lO&It other aaea. 

Qualit7 f£ wter frc.'l .........:L td the wl18 1ft the Loa 

Alamos Canyon field changes alo1f17 with u.. In order to 

atudy the nature of these c:hanpa~. three ~ t.be wll..8 have 

bean sa-"J)led several ti:les during the 1ftnatigation. l.toat 

of tho changes thus rar obaervod an minor and no det1nita 

pat~ern or fluctuation is apparent. 

The quality or water troa the Buckman well is e1m1lar 

to that or the water from tha Loa Alamos Canyon vella. 

Analyses of samples ot water ~ the !iva Cuaje Canyon 

walla are included in table 5. Water froll the walla 1n thia 

.field has a narrower ~~· ~ ~olTed aollda eoncentration 

than the wells in toe Alamoa Canyon. but the average for both 

fields is nearly the ea.u. The weatertr110at well yields the 

water with the lowest disaolved aolide eonten.t 1n this f'ie.l.cl, 

but this water 1s o£ the ealeium bicarbonate typo and has a 

moderate ha.rcL"lees. Wells farther down Cuaje C'anyon yield 

"tm.tar some-what hi.r;her in dissolved aollda but ao!ter. The 
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•Uica content of tho Guaje CanJ'on .-tva 1a conspan.t1Yel7 

high• .._pec:iall7 that !rca wl1 01 -... one aaaple ahowd 

a concentration or 'e8 ppm ot aillca. the ailiea content. ot 

tha water .t1"'12l thia lMll bu 1Dcftaaed not.abl7 aince it _. 

~1rst put 1n aae. lxeept ~or .. u G1 the ''•olncl _,lida 

content ot water !rom the wella 1n thi8 t!el4 bu ahown a 

tendeney to decreue ainee 1951. 
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~-~,-~ ... ~-, ......,.._,,., __ ............... <'! __ ,,. 
.-.-~\1 ~ ... -~ -~~~ Jilel,..iW. ..;,!~~ 

,:;;,l.asc. rzt-e sem1. ia ~-t: &r.¥1 
~l:l~<1 !!lc. Bl.ae" sllcy ~·· .La 
.;l-~~-:t"t .k..."l t:::e ~ ' i'eet .............. - .............. . 

::!!~! .~ sll cy 1 .,7eyisi:1 oll ve 1 vi til 
:n:.~ :-~J.tic ~s .................................. . 

~..:-u\,t~;.;.., rcre:~~~ to sil ·~.l ~ li,~:.:t ~;:rz;y • 
• :;e ~::!.:..:e tc. .:::.edia::: ~\"Cl !.s ca;~ 

,_n·:: :11.y 0'£ ..l.!G-""t ~r to i:,"P "1 r: :>i.."ll: 
-~~;.:~ r.u:d pu;::teeoua ~· ·Zbe s:;."ld 
.:.;; ·.::c.:...1.~ q~-z a.:n :Bni/'i.oo. ~"!~~ 
.. -;....,.,,..,.,. 1·., ,....t,.._ ~"" ,..,_,_...,.,._..,..:. .;,.t,1"'1"'"J;rl,, • .,,.;. 
.,. ... ~;,_.., " .. I W.........V -e ..t"•-~~·•"" ~!""'~ ...... "' 

~;..~-.; .......................................... . 
-·-~:.-:~-·~-~~, :Al:l.\!:t, ;~~. ?.;.;e ~l;}~ f.c. 
~~ _.::e. il\ll i5 ca::.;o!XY-2. c:f ·;t<.d.ce, 
_ _-,~;;~·~c:~Ul :,l.:lm:, ~'1d ~~_l'r.;l! !;-:;. '~ 

~~ -~~ :·:GJ..::J..;· ~~:: .tt:-:,:i ~~1e. 
"!;!~~.::..""'c·.·t-~~!.~ .. : ... 4. 6 • •••• I-" ••• a ....... . ··- ~ 

• • • .. • • • .. • • , l ...... . 

• """'s.•"o$-o'"'~ __..., ... 
·~ ·-·'-"~-'- ·""'., 

l.~~~ ::C"::.:7~t~.:,:'-:;~ 
- .• .,.;.,_,(,. ~~ .. 
-;.·~-"""-~ .....:--~- t •• 4 •• ..................... , ........ .. 

• ., ... ~.: ~ "f ':~. 
~-. .... 
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A.lti~, ~ l!lU1"1ltcc, a, 763 
1'otaJ. deptb, ~ teet 

. ~1 cy FecJt. Dr:tl, 1ne Co:~ 

r.i..~~ ;.m:ter'J.Oll; 
C'~vo.l., a!.l:x.i~l ·~ .Uty 1 JJ.G::t 

;;t'fJ.::,l. 'l'b! !'.im to ccat'1lle 
;.;ro.vcl La oa:~ •1nl:r r::e 
:n;;o:utc. 1'be B.¥1 1s :N ~, 
qt-;a_-t:?; x.rl. Sl.ni~. Sc.1aa 
s5.lt .is :.~- ~ ............................................ . 

~~~~ ~r.;,t 1 llt:tt ~-. ~'le 
.~'::.00 to cc.o.rDe ~~is~~ 
:c.--<-~· O'f :r~"'llte. ""f';)C ~ 
. .::; q;::.c:-;:, a&'li~, a:i01 
'.:.:~ l-:i.ll t!..e ~~ls • ............................. "' .............. . 

''\..,·~ ... '"' 
-~ ... v; 

~~: • ~~ ~~ ~: coo.:.~~ 
;:c~.~ ~c ca:...~ .of' r~"-i.l...;,t;c 

~.:.:~ _-;~~~:!. ?.:!0 tntii ia &:O ~ ~~1" 

i r:.~ ~cz- ~~~: cu.::li!Ul~. ~:trt :e:t 
:..::.' · . .>:..t:.~~~ ·:..:...~·,.13~~ s.::J.t is ::.re~1:r 
.. "":..-u:;.. --~·;... :;c ~t;:;, l30 ·to l5:i~ 
~;~~ ,J·~r.~• ':-C :.,·;;. Sea! all-: ~~ 

<.:: ~"'::;:::::~:::; .:..:.~""C' • .:;j:!Q!..;.t ~ '.:;;lit ••• 

-- .. -·~:~ -~~;~~~~~ ~;.(} ~~--., ~ -==o:-~

~:::..:..:.:.::.: ';. ~ ~\:.c _);''1.!."\l'tll ~":9Qill.>.: 
·.:. ... - ~~ ... ~:_,-:;.:,:_·tic .~z.e-~,:r..~ 1 :L~::·rt 

..... , ................... , . ., ..... ~ ..... . 

~t-~"'t'":; 
-:..:'~··-r 

.. ~ ..... ·--~ . ---
.., ·-·~ ... .J.. 

--.. ~:Jo"- .... 

· _:_~.:..L~. ,.~~ cni.Yl .:.s :IJ1·-r.:.:~~ 
~ -··~ ... -·- .... . ~ :-'~7'1 ; :~""' ..... _.P!\. ......... "'a'"'-
. ---~ i>•.J ...... ..,._,, :.:Jit,._.q..._....,.._ ~. "" .. ....... 

_ .. c • .,- ......... . .. ~···"'·~· ... , ............. .. 

1 7 4 

Je?'~l 
(:.'oc-',;.) 

~~'!"eel ~ 

:..oo 

'')) 

·' 



.:k~=t:~a ~~!:lite. 'TI¥3 "·~~lt 
a.~;oce.:..~c ~ c.::c .;,...""'aieJ. !'!Cnf.ooed 
~~ cf ~.Cif! ...................................... . 

~~ ~I ~ r;ra.y to ;.;tO¥ • 
·7"'oo ~...no to cc:a..~ <.Jl.T.V'fll iG ~ 
at ,PW.ice, ;.nJoec-.ur ~~ s:d. 
:,;y;,'Clite. '!'-'~ SBDd 18 min.l.;r qtim"t~ 
a-n :ntUd!..-::c. axe bl'ow:li.s!: ~r 
•.:ltV~· s!!t a ~ 1:1etuoen ~75 
:~~ l~:J(J. ~ ... ~l::l7. ................................. . 

.. - ' . ~ .. 
..6---- .. ,,~ •. --c.: 

···-. 
-~ 

1 75 

,..., ... .. . ........ . 



Uti~,~~# 3168li.(;) 
Zcta.l ae-~. !t44 feet 

!lrilJ.oJ. uy ~ !lr1l.l.i;oc Oa:qs~,r 

~~~~~ nl.:.;...-viuw.; 
'1rc"1t"!ll., .:tine ":!;0 oca...-se, ~t 
~., ~ 111 th ":..~ pebUJ..ea CCC• 
;zoned a£ rl~tol.i to and ®Gidiac.,. ••••• ~ • - ••••• 

~'il"Jl, ~ to allty, ll.r;..-t 
.:;;"C:.J'. '!'~ ._r-val is cc::.:q~ 
::~ a£ ~'ti!.ite. 'rile ~ 
-Zi ;"'C,•-·ll~/ q..n..."'"t~ au:i ~d:Lle. 
-~l·n..:rl.a.:-~ ""..l.i vc ~w a!.l t itl 
.::.~sour. C."'"C::l J..5 to 30 a..."Jd t!x? 
:~:.:i: :..r: di~' ~c.;; sU~ ~ 

---=-

. .. . . . . . . . . 

-:-c .... ,F • .............................. 

·······#·- ... ·~···~· .. ····"·· ... ·········.-········ 
. -~"!--.....-... ·'· 
----\.-~~ ......... , --·t ~ ,; . ............._ . .,,. 

,.,. ···-·· 
-- l"''"':.;v.. *;---:< • 

~ £; ~~:::~;- ~~.:~z ~1£! S'l.:~~::~ • 
.. ~~ .. :.:~ .:.-~~ ~3 ':JOT:.- g~--c-.t I::~:.. 

~2£'+~:-:!: .. ~ ---· ""/;· ~ .... ··' 
'-..... - ,_,... • .... " ............. s • tl ......... "' ................................ . ---

. : ·~ ·;~:.::. : .:;:--~~-~ ·' :.::.,_:·!'f. ..:_:.4Q.: .• 
.... ~ - -~~ ~ ~~~ :;:.'SVcl 

·'~: ... ~_'.:J...~~~-~-~e -~~33 ·.7 .... ~:t ~c 

.~-: ~_. .. ~::..:..: ~~o :.--Al ~10 i£t 2..a:tl ~ • 
- .... ~ ... :.. ._..(,. ~-- ' 

.._.,';,.~ ... ....:. 

... , 'll.~"' -, -·\. · •.. -· ....... __ ., 

_ .. - .:; .. , 

• ._.._~ -· ""> ~ .• , .......... ~_...,...7? -· _,.~: 
.. .,;~~· 'l.~_....,.da ... Mo.~. 

.·~:C..te.:..~•t_£~-:-r:i.~ .. ~ ~ ... . ...... 

....... -! •• 'J, 

.; ·, jt.· -~ -; • - ... -...,. 
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.>:."' , ... .....,..... ;:-\··. c::') ........ • '.::,.., ·..,,... , ... :t' l.' t" ... 
-"~ __ ._.... ~- ~ ~~ ...na4tW .........,. --.. 

:.r.·;;;c:·::.:.J. -JC;;,:;i.r.S ~ a~~~ :x:t.::. 
in ~ .:"be (.'l.Uwl. aod send 
slzcs ~ld ;.t !llc-~a Vita 
~1r...!:. ....................... . ....................... & • ' ...... 

~t: .-eco.~l: 

·.,,_: 

:. ... -;·}. ... "1 ~ ~1:.; ~ted to •JO feet.. 
22·:!.:.-:c:1 ~-Si:.'\U to 395 !'eet, ilit?.l fiw l.O

::oot sc...~ seet:ialS set ln ::lot in'te.rvuJ..a 
·..et~.ICOl: }'.X} and 595 foot. l2·iDch •ai.na 
·-e~~"l t:x! ::'i\1-e :sc...~ aeetic:!la ~ 

~~~:J.. 

. ., __ ~, ·.~::. 

....... ...-& ----

.. -··,;._:,, __ 

-··· .· r• ;....,.;,._;,,...,..... .. 

.. _,.. ~-"; -

., 
·:.:·t..LttJ.d..e, ~~.:!:ad zur1'ace, J,;O'S 

·~~1 Je:~ .. ~~ m reet 

:._,.. :- t :::::..;...::!!; 3 --~~:=:.~;.o_ ;;'~~~I ~, ~:),__ 

,:·:Jta: ~v~~:., ~~)5 :;'oot • 
.. ~::_..:.....::..~~ ;~~:-· :-L~se~~.. -~ ~ ~. i;,;:~ :~~;_.ll..~r 

178 
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EQl.e 3 lO, Valle Gnmd.e 

.IUtitudc, J'OUDd a-"1:'ace, a,~, 
Total depth, 50) .teet 

J'rll.l.ed by ?e~~ ~ CQ:lrau,y 

·:,;.;a-ca.:--~· c.ll.t:vi~lt:l.: 

~~ vit!l saae ~' 
erA clay 1 ll~lt 'br.:f: • 
i'ir..e to ~sc: sand is CCI!l

?O&...">d o:r 7.ltlioeatus ij.l..aas, ~...-cz 
a.nd 3UU.id1ne. !!be 1'4-De vr&-veJ. 
:..o ;:; ;:::w:r.:.ll tic ~~"'l!. 'te tl.4ld 
cb::ti.~!. !1o::rt ct: t!le un1 t is 
z.l.l·:=,j,.. ~l.d -;;~;~ ~~ twu teeT; 
: . .:.a.s ~ s-il t--J cl.a.J•. • • • • • . • • • . ........................ .. 

.:::.-zvel, sc;::J.!::;l to ~"'l..B;i-ey, ;.,.,::~:·. 
:.:'1~ .:.'!...'&.! to ;~i.:l G-'"'B.Vel ::_o 
::o:::.:.c:;e-3.. .;;:t£ ~"'.lite o.nd 
'.3t-s.::J.ia..l.. ·..:--r sa..."ld. is q~""'t:::;, 
ro:" i ~anc.. ~ .:.-cyoli tic ue'b::."i!i. 
-~:.:_\lfJ•C~tO...~ ~'C'J" Gil~t iS 

"' ....................... .,. ........ . 

~~.l-:l:· 1 3w.\;.:.- ~ silt, ~: a~'e(i, 
"2.i.'J.ta:r"--C1."Xr".:l.S1 cliv~. 3::-e 
~1i~ ~n .llit~;;r~r m~-l~~~ ~:~ 

;en;;.:..::;::~ .:z. :ittle ~vel. 
__ ·:.~: _-.;. .... ~ :;o X) .............................................. ~ .... , .. 

...... -,.~ 
~~ -"''"'"-~ :z:~:;t~, ~.;i;.t :.:;::a:; -;;c 

· :!~ t'illC to coa.rso 
.~:~;rc_~.. :;c;:"«)j ;;-::; of r~~ tc 
t;·;,;:l .. ~i.t:::!.CC •.ri t~'! t1Je :;r..c.i~ 
.... ~::_~~.: ci.:..:~;; \C. ~l de7vl:.. ·=~ 
-:.s~'!~J-- -~~:.::::iecc"'.J..G ~00 1 

r:·: ~:. Y-t .(: ' ·:u.!d s..qn..!_iJ..L~ • :'::r! 
• ••••. T ~· ~ -...-"• .....,..,.) 

:2.: ~:.t·~- ;:::eJ:.-~ ~? "je ::3-:.~~:..-.:.-~t .. ~ 
..;~_;_ ... ::-~·- ·~:t.:~ :~e2.cr5.r ~c:d..s. 

................... ~ ...................... . 

... 
:.~.r-:... ~·-w• 
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Jc·:rtl-:: 
(::.ve:..) 

~cr:; .. ~0 

; · •. J 

.z-·-



·:orr-...ce :::::rta..""1al.: 
:bne. am ~, 1~ ~ 

to li.;;lt bu:tt. ~ ~...no 
to oc-d.is ,sravel sat f'i:le 
tc -~ sand consist 
':.tli.::..L:.· of :cdcc and 
:.~ :::zj ~ ..;;;l.as2. l"iJe >mi. t 
_;,~ -:.:.r.:··t:/ ~li ~'! s:t.: t ~ )) to .. ,~ 
( .- ....... t ................................................ . 

'«"!nq· ~ld ~ . ..-!:1;.!:. GC:7".e ;:.,_'Tav;:--1. 
~::':!: ~~ ~~ .c:e~ci a! '-a .~~1. z t .l::"' 
-~-~:J.C.~ ~ ~}t"=.i~OL.!l -~i\SS ~ • 

--~;~:.~-~~, ~-"}.!;;·i~.,. ~ rr.J.1.~~: 'li..:,:;;.'l.t 
__ r-~,!- 1;C li_,]ht. "'Qui~~. ~ ..:;.~~r-1 
::;~:1-:~:; ~~ ~r o-£ :;: n-Jioo- ~~ 

• • 41 ...... & •••••••••••••• 

--,-:•l-',1-f"" ._,._, • .,......,.,....,,(!' ... ,~ ...... t'!l'"D,.;.. .. 
-~-.....-.._. ..... '1 ....: . ._. ............. ...,.....-~ ~WUJ ·i""~- ..... kf 

~L~~.i ~~~le. J-:~ -~.:,:it -~~ t:i~~-
- • -. --~ •'j .... 

........ "'~....:.- ~ .. --..,: • 1 • • • • • • 'II a • • • • .:. a • • • • • • "' • • • • • • • • a ,. • .,. a " " • • • • • • • 

__ ., ... ~--
-........~- ·.r._: 1 

~ "! 

··; .. " ......... • .......... ll ..................... .. 

_ ..... ~ ... ,.':"~- ~ ~--~ .. :.;_/ :;(~- cil t:t, :l~;~t. -~-:.J:J. 
_ .. ~2- --~: ::.c ~~~;.;.z..=! :~"Vt!.!. ::'!f.J. .... .:.Siz~n 

_:~~-·~:...; .• ~~, ~~ ~ ..!_e::.c~-~s ~hso, u.:;:l:! 
~c;:;-~ ~ ... ~~:Jooo.J..~ ~. ~~ ~'il 2.z, 
~::~;.;.::~.:t~.~c ~~~, q~-r:.~, x-:6. 

. ' ' ·~ .~ . 

.-. ........ l.o'••••••••c••,••••• .. ·•,. .. ••••••••-••"• 

t • :' • ,_ ... " • • • " t l ... I ¥ • •• r. • ...... • ... 1i ,_ 
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' "!1 ....... , 

~"eval., s-J....lty1 ll.:_..:;.t ~ to 
;.;::c;.; • 2l:le i'ine tc coo...~ 
.~--a.·,-r~ :::cc.sists of .?t~:i oocus 
..; ass a.ud rl~'Ol.i te. Cla.yoy 
::.....:. :,; :!.s )l"e se:n. ~"""''U,:t::; .!t 

... _....._,:..). 
.. -.........~ .............. .a ................................... . 

~'UV'cl, ~ 1 l.ii;bt ~ to 
:~"O..Y • ~ ;:.r-.'"8\l'el COI18ists 
~~' ~ ~ceous ~· 
::x: sa-'1.\l is ~ceaua ;;lass, 
·~;.·..::..:.--:::=, ~~ cbcid:ian, 
~-r1. :::'i'l;} 'C.!.l te. 'WQ. ter-l.Jea...-Ll1.<; • • • • ••••••••.•••••••••••••• 

~::...:. ~, :l.a":t•'::::/; oJ..i ve; \d. t.ll ~ 
::"'.:...:.:_:c.l..l ~:.lc . .:~..:.vul. ........................................... . 

. l ~..1."\."~.!. ) ~"l'...tf 1 J.i;:ll-,; .::;1-'a{ tQ 
. __ :.~-.~·-. -:~ r~ to :xy,llt;:i~ 
.. ~::~-l'ci C;..'"!!1SistC ~' :;n..:::iec!; 
-~~--!:...~~C>~c ~~ ~~,;-~n!l, 

~u~r:L :·---':.#~~' .. ~tt:! tJit.l~ _J'.,~doo 

~.:::.c:~~L~: Lr.t ~x.t tt'ltb. a.c~: .. :..:.l. 
-.~::.;; ::;:.::C.. ~ n ::\'1. ~ -.J.:;r :-L~::i.oe a;;.xl 

~·-!~~~; ................................... ' ... 
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Zl5 

Dent. a 
(fee~) 

·..-t .. ~ .;.v 

) -.~-_ _, .., -. 
.:.. ·-~ . 



Altitude, Gl'OUild aurtace, 3,545 
'l'otnJ. depth, 634 teet 

. Drilled by \llheel.e:r ~ C<xlponj~ 

::e..:·. t.Ce .:a~"'ial ; 
O:r&wl., aa.ndy, l:4;ht ~. 
~ ~ and aDd cws1st 
::11.1 nJ...l· of ~c=! .......................................... .. 

.lilt' ~""ey to cl&y 1 sllt:f 1 

.iiato:!JJ.cOOt!!Z, alive; v1 t!! 
:;~~~s .;;;i"* .:;-~ ~~ • • • • • .. • • ............ • ••• • ......... . 

.:::~-v ... d, 
za.txl. 
~~~ 

~~ . 
lJ.i:¢t ~; v.Lth $DC 

~ a0-""C.vel. eonsiS"i..'".s 
of :runiee a.nd ~ 
~--~ sa:.A is ~ 

. ).=o.n~ji qr.~-..,:;z-1 a;;:d. sauidin:!. 
2JC.:.~~ !);:!)S.~"tl..'.t iS SI:X3e si.:"t 
:.:a::;;ooed. r.£ !'L""le ,;;.tn.ssy dei::r::.;;:;. 
Ja.~r-:.~ .... ~: .................................................. . 

~~~~1.~, ~~ .. tc oilt;r1 .lisirt. __ ;ra.::l' 
~ __ :~~. ~c ~~.:.w"::l co:w,i;:;-;~ ot: 
_-:-~:~:ic::: ~~ti ="~o.l!te. ~if-a ~ 

:_:;; ]"c:.;:.::_~~ ,_~I :;iQ.!l!:l.:L~' 
,-;:..-;.. __ ,.., 
~-·~ J"_, t .:-oicl. ®c"irij an. 
.. :;; :~-:;; :..~::r~; z.ll.;):.!t::; ::ri1.l~:/. 
:-=z.~?- ·.r.1o·n±l- ·-
------· --·~ ....... -·-~ • • "' • • • .. • • .. .. • • • • • <I • • Ill • • • • • • •· • .. • • • • • .. •••••• 

~-~-l/~:..:.. ~ :;:.~ _;.~: , :..-:..:;:~t;, ~J.--o.;i. ~i.C 

; .. ~~~:.:. .;Q"!;";si~~ ~ll.:,- cf iJ.t::::·~ Ci: 

-~ .. _-.::.:...:.cca.:.s ~. :.-~..£! ~~ 
~...... .;.t~~~il2 :.,;.lo.GZ, ~li~lC, 
~~~;:"'.:~.' ::;.·~~ .,:;.i;c;_i~~1. '~!:t~~~~i_··:. • 9" •••••••• 4 '5 ••• 9 I 

. ·~.' ~ ... '--.~ - -
~·~ ... ·- .. _. 

·-#·I 
...,...., .... -· -.... ,-........... '"' .... :.'.; 

~ ~ ~· :; .. 

-- ... -;.;-· .. ._~ ~"""" ..... 

.. t..;: ...... ~.. ..~ 

........ 
"'""' l-

..,.,...... . 
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:;;ept!l 
(feet) 

:·~.:.~.!..i !0 

':""""l'·'"' ··., .J 

-y~r . 
... I'-' 

;c 

"1 -~ -...... 



_:.-c.~~t!~ .... r:ll:: 
:.:::;:ouve.t, :..i£nt ;.;t"~-. ::oo 

..:.~ v.LC;.;.u _:Jioces a..-e 
:n~nJ~ li.:;.=lt ;;ray ;u:::.:tce, 
;;-~ t. 9tX~ are obs.i!lla.:l a.rzd 
scr..;e a..'""(; ;a...-t ia.U.y .:;:;1 a sc:,· 

-··~"···~--·-&·······~·-·-·~··· 

-· .. -,--., 
--~- ...... 

. -:n·\re~ ..:~,.. ~~:/-:.~~:a~st ic J.c t~~~ s t 
·.J •. l. '~~~ ~~ ~-~)liJ ,;:~ .. J·. '=~ 
.:::ntc:.~::...:fi :;o: ::~..re esaentia.l.l;; 
L"~ -;r:: . .::;.. t.c tv l.i~&;..~t, ~~w\1· 

·"'"~"!--""'{-
~- \,J"-.0,. .-a..,.- 6 • " • • • ·• • • w • I ~ ~ • ._ • II • ~ • • • 4 • • .,. ' .. ~ • .._ • e • • • • 
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;o 

.-~-e~-~-1 
! ..~~~~ ....... 
\ ;..~,, .. ~; 

:\ .. '0 -. ..:;...•. 



1l"ave.l, licnt ~· ~lbe 
i..u<i!.·nw.& ;i.eccs are 
_..,.~dee irlnrl ;a.."'tia.U.r 
..).D..s.lr.; :~'O.li te. Sc::le 
~1 cl!iefl;r :;-..mliceou.s 
.. ) a..l!3, a..-::d. SCil.l:e ail -t, 
.~.--......,.._.~ 01/1 ,~, "' ... <Cr". ,~.,..h·p-; ... 
'~t""~~w. .L ~~~ ~~ ... -"-M-t 

4s.t:· i!-~.z> i;;re&e:n:. ,.. .......... ~ ••. , ........ ., .................. . 

·-.:.~!"i~ll o:: ~~cl ~'!:;t:!.o ~ii!bri.s,. 

:...:..:_:~t '"'"..t'":l;f. :r.;0 ::.e~~ials 
·• ,_. __ :t;;,mi ........ , _.,..., .................... ,.., ;:;;Jr;,;-;~ 
·- ·~· ~· ~ ~lo.,....;.,&..'w'"'---...---.a : . ..1 

Xlc. ~:-:!J..~ia.l.:~: ,~33"'.{ :'~~'"ol.i~~. 
-.~::z ·~J. .o..'ld. sil·~·EJlze ~,.~·c..-u;.tic 

....... "" ., ............................... "' 

~ .. ~~ \~2. cr ~-y;:cc.!Lt.stic d:.a~ris, 

_:-... ~'j. =~ .:¥ltorials 3.l'C :.a.t.i te' 
_·:l:2~:.ic-::: ~ :F~:C:i.;::eC"'J.S :~. !here 
i..;2 JC:Je :.:an.d.-si::2 __ 'C.-:cr~ eo.~~~~ 

-~::.."' -~ cc ·' - ....:.':iet::t~·~ uJ.a~s: ::~nidine, 

2~:J ·cJ.. __ ;;.o ~ can.sis-c.L·l;;;; 
:li-~!3 \7:i ~:i :~•;.e;:lCC.:~'OtD 

:)~:::tiCOOl:s 

oo;_ti,<l:i.r;£ I 
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J( 

.!' 
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Alti ~ ~ ,;;routd IU1"tace, a,m 
Total depth, 600 teet 

;b:;', "'ed ::r.,~ Wheeler Dril.J.1:ls 0 Gi*l;f 

--:.At;e.rna ... -:..· ::"::in : 
~.!"'tl.\"e.l., ~ to silt;,.·, ~ ~. 'l'be 
=-:a~"ni s a..--e ~~us sJ,a.aa, ~ 
"";!..~:· ~te, ar..d. o:bcidia..~ •••••••••••••••••••. 

-:; "J.dc..-:J. r-'...;..]2. : 
Sil~, ~:·~~ecrs -~1a~~~ ~~~ ••••••••••••••••••••••• 

::~'.<li!., ~~.-.: ~"t :;::tl;J. ;;-.;." t"f-ne 
tc !:ndl.Ui:i1 zra,veJ. is cceposed ms.tnJ.y of 
;; -~ oo &1d p~-Q.coo:.;:,s ~s. '2he sand 
is ~eecru.s ;;1.as81 qtal"tz and 

l£~ -·~ .. ···i .. tl~ .............................. . 

:.Ut, ~,"'\;''~~(.''",~ d!a.ta::ncec~s clive. The..""'e 
!.s -~ saOO. :J.I'Xi f'1....nc ~vel ecmpoaed 
~:J.... ... ,.. or ~~ ~"ld ?.m:.ieecri.!s SLasa .................. . 

.:::-ave.!.,. aru::dy., l.."bi tc to llL:;lt ~. The 
~~v-el .:-..'1<1 SD.l::d at-e ~sed ·m.·f ... JJ of 
::·- ..;.;:·.;;.ce U:,"' ' :r::.i¢r)-:rt:_.<J :J.r.'1.SS • ~ter-

......................... ., .............. C' ••• 

•. .,. ..... r, 
, ... _,, .. -..:: 

., .... 
....l..t;...,. •• _ 

.: ....... .,. ..... ................ ~ .. 

.)_::~!;. Jo :Jb...i ~ ;A; .:.i~~T~ :_:..-a;;r • T!x! 
.a ~1 ~J..y ~~ ·~ .::m. :!:::JC sa.."'ld .!.s 
~l'..,;,~ ._ .. ,...,., ... ,T'j ............... ,_ .. ,......... ..._~ 

.: ... ~_...,. ~ J .......... , .... ~ '~· ~ 
-~:!i:ll.l;::s .:a::;cre a ~::c.::~;:, of tbe 

. ............... . ............ ~- ......... 

~r:::.. .. ~,..~_·. ;; ~'OC.::.~rr:;:!.c 2t~:Jl!f::.s 1 ~:~~ ~I. 

_.. ....... ~ 
··-··-..;-

;;:,: .. ~: ·w·-.:.:_--:',.~ . ..:a:.:.:li::rc:.:: ·.:Ji~ -~~.:tlic-a ::u.:.C. 
. l ---~.; _, -·-- ........ --... 
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~'t?l 
{:feet) 

:·:-o.;: :SO· 

15 

. .. ~.. , ·-, 

.:,') 

.-. 
••. • . ..i 

. ·--·~ 



.Utitude, .:;round surt"aee, ;)1 )05 
l'cir;.l depth, 112'.39 teet 

. J:::--.:.lled -'-1'..;' :"'ec.:t ~.; ~~~' 

~£~:.- ~!i ~.z~ ~u-t·z, .:·!:i!..:l.A..~-_.,-a ~'be:: 

.:1:.!~~ I ~J., ~-i~ • • .............................. 
~:~·"lJ ; :.:J:' ~~, ;;--..d..irfe:-entiLt&'J: 

~:},.:.:f:, :ot.:.~ co::ms • ll.:;b:t (.;r'!'J:;;f 
.;,c.. ~";1..:.1':-' ...................... .. . ... " .......................... . 

~~::~~~CCL-~""! ~~~;. .~ ~ -~~e....--cnt!.at.cd. ~:!!.. t: 
... .it..-...,.;· 1 ---~-~, "!;.c ~:ra;;ri&:l ~~, 

·lt>~~- :·:~: .. x~:;~:S";!i.C'~i..~ -~~10(!!-~~ts 

~:: .. __ -:..:::., ·i .. ~ ::;;~ as =w.~ as J... ·~.:..! 

· - · : ~~J.~ -~i!l;'>' :?l>Jt!Ot:r:,rsts o!: 

:.,.. .. ,~---~--~~ _::~=\.~ , ~.:-..: ::_j ·:c::gp~:c~~-:~z 

·;:-::; ;:;i.• ... '"i:";._:_;i~ ~:: :..:..:::~ tlC . ··· . .-::.,. ... ,. . ..,, .. -~ ~· 

,,. ........... ~ ............. .- ................ .... 
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r, 
; 

.:.:C)t..~ 
~ :...-.:x-~; 
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) 

• 



JaJ.e :r :7, 1tUle de los ?oecs 

Altitude, ::;_~1And surt"ace, ),2?i[ 
:'o1Ml de-1_..-t.h, ~:s teet 

:X .1lled b;y ;h:~ol.cr DrillinG ~"::,XU:'/ 

::.rt ~~d.-~ i:1.L-r:f • • • • • • • • • • • ~ • ~ • .. • 

:C.:~~,.c.:~c_:,.· ~~.r 1 :s:u~(}! ~:.. .. : 
'u.;_'f I ~J!; :..•:iw.l, :;xt.).e ~· 

........,..~ ... 
·_s..lr "'""'' • • • • • • • 4 4 • • .. ~ • • 6 • • • .. • .. • e • .. ,. It '" • C • • 6 • • • • e .. • • ,.. • • a 41 e • C 

·..,._,;.<"'II _.,........__; 
... :.s•-:~ .,.,';·~ 

-~· .. --- ~- .... ;. 

-. ,'1-:: .. ,.----, 

..... ~ 4o, ... II WI 9 •. e • 4 • • ~ ••••• " • W t, ... * ••• e • ••••• e 

l.i~t ~··· 

c~in,_ 
~:.7.u~c- ,;: .l.a;'-:.:1 ~ic ~ 

,,.. ..... 
• ,·~-~" -~ .. ,q., r-· ... ~· ..... .. 
·-~.-~....,·--- ..... \;:.;,1 ...... ..~ .. 

. '"\'' ._., 

........... , .......................... . 

~:J.L':. ... ~i~.~~ a:::. 
:c.::~~ ~.Ji ~ji:'!:~-~ 

~-:: -;:~·~:1e; ~; :~ .. .: t:. -:;c ' 
rq..,.__..__:_.,._. ft • II > olo •• 0 • 6 <f • _. ..... ' ill ••• .. • ....... •• •• C .. ., .... '0. 

187 

. .....--.·• 
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Altitude, ~surface, "!,lTd 
'11ota.l depth. 2. 000 feet 

Dr-f, 1 ed by Jenitirul Drillinb ~ 

Qmtar.Jll.r"'J a,~ :~-,r-l:.c.: 
Gravel 3l.lC. SWJd, ;;re;;y. 'l'lle 

.:;ra·i'C.l is !'inc to cca...-se ~ 
!s ~ ot ~a of latit:e 
;;o..~.r IWd ve.1.ded tuff. ?.oo 
~ :.s ::csrse a.cd ca:llJCGe'.l. :>2 
;!:W::tz--: .. ':l~ 3l.Xi e...7s-w&l f'rt4.e_~~:1tz 

of' q~a.."'tz e.nd sanid!::e. A z.onc 
~;c;~;cd US.~ ·OCC!.d.r$ :X:"c.-~'U'~ 

..... ,., ~~ Tf !'eet . . . .. . . • .. • • . . . . . . . ..... ~ • • • • • • . • . • • .. . •••.. 

·z..;J.cl.:..:.:.... -~u:.·r, Ts!li-~~ ~r: 
: ... ~~: '! :.:.-~~::.'1·0}'•~" I il041.,?0rf;~ I· 
:~l..~~. • .. It • "" • * • .. • • .. • • • • • • .. " ... 

--

·~..,., ·w,£1{ ...... ~.. ... - \ ; . 
:...o ~i.~t~:- .lctr:o; ~1d a;,:r ... ::Ilf~1.t 
_'l.~~ .. :;~J.1"tC -:n_~ C~Si:"1jn~--.i 1 -~3-i!..:· 

. "" "' ...................... . 

. . . .. . . . . . . .. . .. . . . . . . . . . . . . .. . . .. ~ . 
T"; • • • 
.;. ............ 

................. 

·.,..,~-: 

•-r~A •• .a.,- ~ ... ~- . ... . ' 
~""' ;,.. .<#~ ... - ••• ,. •••••• "" ........ " "' •••• 

~ ... ~ ••••• ,. ................ ~, ............................ J .. ~'"' 

' J 

-."'~ ....... ·.·-r ......... -·-- """" 
: ... :._·· .... ·: .. ~ ............ . 

.rae 

c 

_ _,'. .... 



.::sc.::.:..ca:n ::-;:-c-.:.:;;1 .:;:v... ... , .. ..cne ancleGite ;mit: 

-. .. , ., 

~.:.:rlasi. tot :im-1~ _,:ro:,y; vi th a few tiny 
~x.:e:aoc... ..... ,;.c~z of .~J ae ~ 
.:!S :_/.~, .. ;.,;-.c..-: :;:~:...:.; a:-..d ~-rc·~~'¥!1 aD 
o:mc . .'1 a.o 1/.l. .... ._il...'C!:l la:l.e1 1!l a ~ 
~~s ~c.;:; ct• ll!:'.l.cb iG finely 
vcai.C"~ ......... -............. " • .,. .......................... . 

,\o:~ni.tc-, ~; ~' to ~ouv·; Wi.t:l 
~~::C.'::.:c.::'..r~sts u.s f'ra: ~72 to ~4ls 

~·}~_~\.."'C 1 3:);! ~...d. ~1\J!IUI:t~ ............................... . 

..::.1.,';.::!:;.:I. tc, ..;.~,1~ ~ 1 ot1Je..-,.yj.se 
~:..:.:~:~:..,.:..c.J..l vl:t:..l c-ve.L.~- a!':'t ~F·lf.~~t~ 
.--cc.::. ~ .!l.!'Oba.'!ily 1s tl!e ''tops'' 

j...,.8 · .... = .... ~.r:·~t~ :?l.c--.; •• " .............................. . 

. . 

~~:l --:;~ £t r~.~ ~i.:::--.; .. 
-~ioc.lax ~"1;3. 

3./ ~= .. ;·-L~c::J. lc:.t:._~ 
~ l .~-··:~;c-~"a~~.!~ ~&:.ZZ ~y_:: 

--...,.i;.,... ... .:_::: ~::...:.:,:;:~ :l:.ld. ... ~:i ~Ql'lC • • • • ;, ... + .. • • • • • • • • 

-~..;c.;..::~ ~:_:.:.:t-::.~.:.e::~il.se !cie!lt.i.c.~ 

~;~~-~~~ .x:.-~~~ .. ~i.:.l i~~ ~; ·:c ~~:.; 

............... , ~ ...... 
- .... _. .~ 

·-· · . .--.:.-+.· 
...... ,. ........ _ t._ ............... ..., : 

,.. r-~~.- ·"':ft-. .. ..~-~ 

-· .... ----- ..;....:.,.-...,_ 

.,..,., ... _.~: ,. _ __..,.. __ 
• ~) "; ' .... J .. -~ ........ ~;- -·-·" "' ................ " .. " .. " .. 
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JeiJt.:l 
(feet) 

,;, rca.~ ::o 

541 



'.:sC.::li~ zrot;:",::l, '!..midi~remtia.tcd unit: 
;~";x:'tz 1Atite1 llg!:t ;;ray to 5l"8i'f; V!t!l 

cac:r;icuous pbet-.ocr:,~ of pl~oclase, Q4 

~ iJ.S l--:L..-..c1 ac...~, a:xllecs ~ic-J.OUS 
llbe..''loc..-~~ ot ~~ in a gl.asq 
~~~.s tllo.t ~ to 1JimrlCOOWJ ~- •••••••• 

~a~z l::LtitG1 ~ to ~ ~; with 
ca:umi.~ ~ cd ,?let;loclaae, 

- l as :.u:!l sa ;··i."l.cil ISC:'OSD1 and leu cell• 
EJ?iCUOUS ~~"'Sta of 7-J~""''l, lxJrnhl..endc 1 

"b.io't!. t;e. ~ c;.a..~ ......................... •· •••••••••• 

-~·cto.Vi len:::Ll. ot• .?tzye CO\"~te: 
:::o:.::._-:i..::::~vc, :;ray 1 ~ ::-.a.-~ n4" at ~bblcs 

'J:f q~!:'"t.::.i 'te •••••••••••••••••••••••••••••••••••••••••• 

;~~(~_::,:;. -:~:.~.;~~;, ~-~.lt;lif~tia:tad ~t: 

.}·.-.:,t,:--t;:;:. J.ut.::!.te1 ~1.-en,der ~r to~ ;;r&;~; 

·.;-.i. -~ ~l.tip.iCUOU.S ~-.,{fl'ts of ~ocJ..aae 
:::;.1J:i :::'C."D.cr !..'l.:cr.lS!?iC'.!CUS Jller~...a at 
q:-.~tzs ::~lblc:n<:l.e~ biati~ o.nd :.:u~ •••••.•••.•.••. 

··• -'~·~ ""r:.::_·• '"/.'• ._,, __ ., ~ .. .._ -~-~ "i-.,.., ."T"-"-·"'""h '!"11'""":".,~ ~ '-..:.. --~ ._,._~ ~..-.;,.._.~ ....... ~~ ...,..,., ~-w-.........6l ...,.. ...... :;,.r,;; 

·., ... 

:,r, :::~:t:.:; •,r.r.t:: .)l~:-J,T;r.; o.s i'ra:1 .:,.490 to. 
-: .. -~ .. -:: ,. ~:a:a ~t:;!' ~ J ~L·:.zel.;,' 'txrccc:ia !reaM 
- ~ .~ • .A.} :-;o :., ·t:;.o, .J.r.i£'l 1-:. is aJ.!. bre=ta f'.rtr. 

: .·;t,... 
~· j , . ~ W ..:.,.!l"'··i4r\..t • • • • • • • • • • • • • • • • r • • • • • • • • • • • • • • • • • • • • " • • 

--:..:::.r;.:_;.:....J.., 2...L~;.:::; ._;.~- ·~:.o ttt:.l!~· :.~ !Bve...~r 

:""...;..~ ~, _;::::~.:.. t.i~. 3.lZ: .zc.:~ :.s c~~ ~ calor less 
~:~·· "'~;!:i t::.3-.1 .}··,:,;:ice.:;,l!l ._'J.;.;.:Js ::1..'1..:! ~~1ar ~-
;:;.~.1 ~::; ··X.' J...i.;;i~ .:;:c.:/ "U> .:..i~t lc,1;~ .~ 1 

..=:_~j_ -~ :" J.:~ti to ~'D.~ ~~,.-:!.c%3 conspicuouS 
~-.ce:t";:,~c-: · ... .:_:.l.a;:.;ioc::~-..... ; ~ .incow;l)iC:UV..u3 

. . . . . . . . . . . . . . ... . . . . . . 
·-<'J- ~ . 
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Dcj!""..h 
(f"oct) 

~ ·.:t 

l ·:.,;.;..-. , ... -· 

'·"\ .... . 
/ ........ . 



~ AI~< 

.:::C.:t•-ic 1 ; ~r •;:u:J:~ 1 C'tovi. .?a:her: 
::::.::..--:I :..!.jil.:, • :,.X.~ll~.JS I "-eJ..c _..,.....:. .......................... .. 

_:a~·:~ t--.u~ ~ ·Juajc ;'f'dl>Or: 
.-4 ''U CC ~ t.e-:i te 1 .ul J;..;o-J,N !l.C ~.U::,~ ~ 

~---~::,C:.: .:.....~ d.i...:lr;E-~ .••••• '" ......... " ....................... . 

~~;:.;::c-~o .:.oo:L.;:r.-.;;;.-u:.:.~, :lll.r~ 

vl:i;:.: ~ to lm-... ~ ~:eno
~le ~ jO 

Thin ~t ~laool to 
~~a ~tJ.~~~ --~ : . .a .i? -. ~u t. • .. • • • • • • . • • • • • • • • • • • • • • • • • • • • .. • • • • • • 

-" 

H-~~~.::;~.:. ~ ; 
., ... ~~~~ .. x::e~<t:.::.c, ;;.:;.:~_~'.r J~~/. _;~~=~x)S:¥..! 01• ~ 

.·. ;-~:::;s..:~;.}·.l~r ~:'::-:::.,:~rr~s: •::<" ::.c.t;;:tic ::oc!-cs 
~ ,... -:.~.,."'~-.~ ..... 

,...,w!...:.,. ~ .... ,_ !..- ....... II • r •• e & ..... f + ... 6 • • • • •• .,: •• S II •••• e ...... e .. 

,,... .. _ 

........ -,--~--~ ... : t ...... ... --,-~~~o.+ ..... _, 
.,..,..,..:..:. 

...... ..;<.,---
....... ----·. _...,..:_c.,~ ....................... , 

............. - : 

-~ --~ ... ' .... ... ~-- -·-
•&" 'T ,.....· ,_.. ~·"' ..,__., 
...r"Uor._....;;J_..:il,.-""'- .. 

. ..,,--;.·· ·- --~ -""j"'l.. ··-·- ... -~ 

,_ ............ ..... 
-~ - - -"~-- ... l .•• • 

-·--or ... -. .......... -- ... ..--.. ::.~-· -~- ~ 
.. ~ ... - ,':1.,... -~ ·- .,...,., t ,._<40- ...... ~.· • ._y .... ..,;. 

,. ~ ~ - . . -~ ....... -~ .. 

.... '-:"•; .. -o.···-"'1' 
__ .,. ....-~ ~ ~-.... .. """ .... t 

. ........ ._. ~ ........ -.1-

• e.·,.':"' ' . .., ... ..., • ·~ ...... .,~ . .~ 
__,_. ~- ~ .. ~ .wt.J.,- \,1' • 

... .;..; .:,-:;., ·~~J·.~., . 
. ,.'l;--ll.--."""1: ........... -.; .... 

.. -~ -~c:.. --· .. - --.~;,.;.. 
•• .- J -~ ,_,. 

~··--·- ........ - ---· .., ............... ' ,. . 

............... ~ 

. ....... 
-~ 

3C 

·-···.,r 

·-' ... 



--zs~t.,. .~~~sitic, ve:-~'" !~-~1~cu. 
....... ,: . ...,._., ... , "•• _,., .... .,..~ """"'"'""_,, .... .......... . -.. ... ~ ~·, .. .._ ........ ~, 
-~:. '~'-;i_~ !lm;, tenta\".ive4" 
cor::-cJ.c.~..l vit."-1 t.be TC;P. ::ap unit, 
co:::t::U."1S ~ted ,¢bbles ~ 
l..t:!.Cite 1:11.i ~z la.tite ............................... .. 

. ~,·· ,.... . .. ~--:l.'.·'",;-'. _1 ·a-:.~· A·-r~r... ~r~~l~'\._,..._.,"1. \ • 
......... ~~-...:.. - ., \. - •l..ftlt,J'\; 'W'~~J· 

·.(,~_l;;J.c;~~te: ~ .. to sllt:y, ~:it!! 

~ ~~-. 'Zbe ~ s:izes a.re 
-n.:.:·• :.' s-~tbrou..oded ~es of q..-rt
·;:.:;.·~ .l..."'ti .::.T.mitic roe.:uz. ·.~ su.;od 

:. a ~--:.c-cic. SaJe :?11~ ~~· OCC\l.l'B 
~~:.:.--c;,::~: ";ja ~. 7;k;;.c.;· ::.:::.countered 

. _, .. 
···••••ilt.fl_. .......................... .., 

:.!:l:s.::::..: ·to ., .. ;.._ 
:z:zL1:.: ~ 3~ l 

.i..--.-:s. 
•'!""'"' ...... y 

~ . ..,_.,-,.~~., 
-:...~!.....__ 

.......... 
~ •-'• 



,;:;_;ata:."":"l.?.L~ :JJ..:.-..'Vim: 
G...~w_ll ~ ~ silt-'.{ 1 ;;rtr\j • The ~ ia 

!'1no to ~ 33l ccripOGO<l aZ :;d.eces of 
q.JC-~Z J..s:'"~tQ and ~te 'tu..:tt. ~ f'ine 
to coo...-se ~ is cccposed r:Jljnl~ or cr.rs
..... ., .. r: .:md c...-,..S'ttll ~s a£ quarts mJd 
s:#'i'U'le. The s:Ut 1s r.ae -.terlal ...................... 

-··~~lL.~c.:..- -;~ 1 :tmzi :x::r~r: 
':':.U:'f.t :do~ .. pt.Ci~, pale 1Jutt. CQnta1na 

:t :rm: ~to of !'ine-::;:·u.1·m JJ.atxt ~ 
:;'::~ ~ i:A':! .............................................. 4 

~~-1.(~-:.o~~ -;-~~·~:·, :=t13ja ·:~r: 
.r'~!!icc' 'f /-~:1 t.c ~ :!.:.:. l·~s as ::~~c..;.l aD l i.'le..'l. 

~.::vn::; ................................................... . 

~'?.= :!Ctl.~.!:t.:;~~::lW: 
.:~!~,~~~r~te, s;::.r~~~ ::.:O:.l· '~ ~vel. 31ZC:u, 

_.._:;·.:.:~;!:.:.._: _·:.:~ :':L.Je to ~, 3..."'e ~ 
. --~.: _.,, .• -~•"' _........,_..,.,.'i··~ ....,...-:-... ~~~-;.;.~ .... _ ___.. .. _.......... ... -~ -..~_ .... ~~ -~-~--iot-.it."'W' ~u.t:OI 
_..-:. ;;::. ·.:c. .2::c sru::d is la:ti ~iz deris. Si1.::. 

;C:l,~:~-:_1~~ ~ 1 VC~"' g--: 1·~r ~ _;~~~ bt:f::: • ~~ 
:.-:::J':!.'-:- .:u::l ocr• r1n:- :d::e.c. :.!.l"' tXCpOse<! .::£ 

2~~::.::.t :...:; ic~-rl~. ~ ~~.,~rtt t3n s:i.l.t !.s 
~_.:c.;..-c::·~ ~- ~~ Jnns:l ~~Jwer-i;1J. and c:on.Ta.ius 
-!~.::~:.~~~:.; : ... ln.J:.cs CJ!: bict! ~ ~ld. saxe ~ 

.. ~""::.:__2~::.:;;:.:~~-.:-:;c, ~~-~,. -~:.~.:;;..r.. ;J,~) :-..atc.:~nJ ~ arc 
-~"!:~.: ~:.:..~ ·:e~S·: ~lC.:~d-!..!1._:. :xr~ Dicti·!;e .. 
)0:.:..~~ . ..:~--- :-:~c~e :~:.::~.::r:::i. ~:c..-!:~:."' :.~~-:.t ::...:! 

........ - ...................... .. 
-~· ··"' "':"""'l ..... • 

. .......'"''";..f 
·--\o . .-, ,.. '.... ... .............. ~. 

•• '_._.. .... J ......... ,. ---· .... ;. 

0 

ll 

:C~t'~l 
(~'eet) 

"'·-r .• · 



: .. ~-''{! ~:;!.u:£:r.J.te.....:a·.::t. 'ti 

- ... ~ .. '"! ~ .. ~ ...... :--~ .. 

:O::,:;laJ;."\.""C.te1 ~· t.o s-'...l.ty, ~r • 
';'\]!"" :.one i.e ~~"'Sed r:.l)j•ll.y of &aW''A""' 
tc ..;..;..JC,<·j., .. :n1A- __;.-a.vel &:.Ai "»lldcrs vith 
le~:."' ~"lts .:Jf sand end sUt. :rcv
eva:-, ac::me tc>..in !JeWJ a..---e ~ ail.ty 
t.i..'i.U ~ tbrlt f2"a.ll.O;.i to llO. lh:! 
~::;:uvo.l a..'ld. bo' 1 der sizes are Q.Ct:2pQ8e d '% 
Jzt:.·tio roc::ks. T!Je ~n ani silt are 
.r::;.-x; :.X:.ti tic dcb:'ia, i.tl :;.n..-t ;ert.1.ally 
.:.._~,. :x::t:te.."":l:~ "'! ..................... • • • ............. • ••• 

:.:.,.;2.~-':: J ~-::;_:;_ te ::.0 .:.J,_;::.t .::;::z::; I 'ill. t!l tJCDe 
_:;~V~-::.1 :l:!.::es ~-::osed ct .. latitie 
.r••._• ,., __ P ,.~.,... )"Jil~~_,. .._J-.;., '"\'i<~A 
-"'--~-J· ~ ¥~""'""' .... -..... ~J ..... 
-;;: bict:ttc, ;.J.acicc'Lr::x,.., and cpA.-tz 1a 
;~/ ;::.;: tho r·,n...: ':J. ea:.sti·:..:-.n.."'t of the an1t 
_;;-.,d CC':!UrS 1::! l1..."!!?C .:1.!: :''C:tl as l•incll 
. :.c.:-cs:;. ~ :!zt! tie '-'~~~-l OCClU"'$ in. 
::-a·:~ tf~!:t~ .. ·:::=~~;; :~~ell a£ the unit, 
__ ;:.,o. ...:.::. ~ ~.:i:. ~~ .;.".; !a ::.s ~t 

_ .. i~ ~~t ....-:-.; ....... . . ............................ ,.,. .... 

....-... ~l ,.:.~;::~:~ ... ;.C I .tle:.r·. :.:..i 1 \.t! ~ ...... :"" :,?. t.,.~ ~~ ;::..~ . ..:I 

._-~~~~:..··. ·.~ r:L~~ "':.0 cco.:.·na ~~~ is 
;.::~ ~-=~--~-.. .. ~~~:-:i == :r..l!..~~"tJ:l!2cti ·~ ~ 

--::!".:!.:: .;;...· ;.:r~----~z., ~;z-.:.tc, ~~-i""te 

~: -~ _;:-:.: "~ ~ .. ;.:~ , :'~ :te.;~ r 1 u.:·d .. rc; 1 c:\;a"!!.C ~=-= 

·.~~ _--:-!.: .... ::c &~:~ a..~. ·=~ Stl.t'.ii is su.b-

. . ~ .................... . ............. " ......... " 

.. .;.. .... ~--- .. •. -·-~~:;.. ....... _ ~c· I · ... ':::c\.: . 
-~ ..... ~~--

Ll"'L. .. ' i'\J~ --~ .. .:..... ~ - . I " • .. .. -1~.cL:. .... ~; -.... .~--~~·:. • 
~ ~· ... l-· -~~~~f.:<:;. • ......... ·.,~- ...... ~·--

' .......... . 
·~ - ... . 

193 

:trYth 
(i.'~t) 

~- .,.... ..... _~ -~ 

............. 



_- ·•nL.r.ll: ~n· tu:":: 1 _;w.;:;. ~:L'<Cl": 
"::ui~ I :.ti~,r ~Jlt;~i cca..!Jll :pe.f r; ~~j ~"it!! 
~ ~ !"'::"U.~ts or .:.::..-utc ~ 
:."'~-;.: cl!. t:.e. • .,. .................. It ••••••••••••• "' ............... . 

·--:>··-~· .., ..... _ .... , _;...,., .... ................ 
. ~ ... : ~:::: x J ~.~~:1. ~; tc ~::_:.:.rt; ~;.,."' 1 ~l :-~~-a 

~~ ""-:,::;,._~::.. :.::..~ .l ~~l ~C:rc)SS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

...... , 1 ---·"""-..,, ...... > 
~~ ............. v ..... . 

.::c~ ~J.c:: .. c.::ett:: 1 ~~ • 
~~~.:· .. ~~~-~~tel 

£lllt;:· 1 ~ • 1'be 
~'lOOOd z:ni."ll:r 

~- ~::.ec:::n ')f bti 'tic ~-J;.~-::-"J 1 bu't tbe!"8 
.:~~ ·;.::-:.c:c:1 ;Ji"' ~t1tic ,::n:~:.i.ce a:.~ ~ 

-~~ · ~~~:.·tc. ::lJ z:lr.c!. cc=~~~i:ls tlle 

.- .. ~- ... -
--~c.--.._ .......... l 

.. _._,..., 

;..) 

., ...... ' ..... ~ : 
- ··• $. 

~:w ;;::-c:v".!.:.. ~ s:Ut, 
--· ~F;'t.: ~h:l; :;ec!c_, 

'~ •.• "'t'-
-~·- ~ • ~ ... • .. • • • ~ " • • ,. ll • • • • • • • • • • .. .. • " • .. • • • • • ... 

................................................. 
~"'::-(~:._ 

::--,:lJ • . :&::.£? ~'"'lit ..... " ................. . 

_;:.-:J.:,-, ;rJ.·t..:. ~ ~....-c.: ::izcs 
~t~ ::!.c ...,x;;::-:-~·~ . .rr-~./. ·::1-e 
~ ~-· ~ ~ ·n.it~. ZO:i;~ i tt.;errt 

. ... . ' .. . . . . . . .. . ... .. . .. .. .. . ~ . 

194 

-·~ .. : 

140 

.. , 



::io.le 1 31 1os .Al:l::loa ~. --caatimled 

?t~-e CO~!."'.ta•-~cnt. 'c!. 
:oucla.zr..lte1 ~ to sllty 1 r;r&'¥. Gra.vel 

aod OC7ulder :~i=es &.""e cc:.t::tpOOCd. at latitic 
~. ~ saud ia quartz, !)l&&foelase, 
Ol:ld J.a~i t1c debris. T!Je. sU t is per-
t~,. ~ ::a.."te....-.iaJ. •••••••••• a. ..................... . 

~?o-<-...o.vi :!.e::1tll (Of l"u:toe calGla:2rate) : 
·Xn.:~=-a.te, sa.."ldy to allty, with -=e c.l.l\Y, 

f7'0i:J.. The c;ravel. aizea 1 as :mch u 3 
~C.:.1es in ~ter 1 consist ch1e~ o£ 
;;-~'Lrr.ru::1iled to ::c-.mded :pU!oes ot qaart;:, ~-t
ti~, ~tic rocks, &1ld volc«mlc 1'0Ck8 
.:.·::.....~ :~. -:.:J. to tbc a. ""ea. ~ aJ.nd is ar!u:)a1c. 
~ ;..ul;·; ... 1;;.y is ~·J.y diatributed 
:_:~ ~ !Jcds. ~uter encounte-~ at 790 
.;;e.::t .......................... , ••••••••••••••••••••••.••• 

L.~. ::.rJ..~~cc c:l.Gin.~: ·:;o 33 feet. 
--·-·· :~~i:.1<~ tc JU feet. 
;:.;f :..::.:::.'1;c 3C::"CCr. 00;;; ~.-et-' .. "Cell X>) 

-...... "" ...... 
~ _ .. _ '". 

195 

Jepth 
(feet) 

Fra:. :'c 

TJ: 

753 



~ '+. -:.OC-s o£ ·.ells aDd. test boles. 
Bole T 4, Pajarito Pl.&teau 

SE Sec. 91 T. 19 3., R. 6 E • 
.uti tude, sraund. SUl'ftce, 7,24 3 

Tota.l depth, 1,2)5 1"eet 
~:!.llcd by ~-ne-tJestern ~ 

Ja...~l!er ~~ Tcbi..~c;e ~= 
~r, \lel...d.ed,. li..::..~t. to redi~ i;r'&i¥ •••• •••••••••••••••••• 

~OOOUG, -:J'.J£f 1 vitll 3a:le ~ta 
:.e.tite and ~i.~t :;rtii:'J ri;)"'lite •••••..• ........... 4r ••• 

:~;~ ~Ti~~, pale~~~ •••••••••••.•••••••.••• 

·~ ~ ~~-:es ill ~~~- ......... , ••.•••••••••••••••••• 

_ilt"~~;-e ~!·.::~· :l~~~cc : 
_;~-~-.:l~'C~tc, L~~r. =~ ~;t·t:f.t ~~ C~sed 

·~-·- ~...:-:~ ... v~l a;::! ~~cldet~ Of '.!Cr!CI)iC~~ 

-.~.,. .. '1_: .... ~-r:~.:~.i.~ \!1~-tz :!.Utite ..... ~ .......... . 

'~_, .. .:Z.. .. ~- --~ · .. -:;a 1 ·.;ctl~.JiC~·::" ·~-:..::--~- .. ~~.:.-:;:l~~ri ~i(! :~ 
..:..3.\~..::~=~.-~.. ~-;,.--~~-:-. !::i.J : .:.;:. .. ~·- C;J.."r'·!.·ics 

., ---\ --
-'1~ ••-"·.·~·---,..,.__ ---..t 

...,) ,_ ... __ .,... 
-··-- -u;...,, 

~ ;~~i.cc.l.a.&:! ~l~i..'l:; tc 
C..'::'.d. :a:t~l ~~C.":?'3tS 

····~··········· .. ····•il•••"'••'•"···· 

."":.=oc:·::.·c:.~ ......... , .............. ,. .......... . 

-......-:~~ ... ""'l.-~ ., 
-J .... . ._. ..... -~ .... 

. -. 

.·•"'! .-.1'~ _..~·,·r-,"tT-A .. -- ~' ·--·· ...... " "- . 
-~.t--..1~ -~~-:!:.'!.:.., .......... . 

.. ..-,., ,.... ~ .. ' ' _.._..,_...;_....:...:_ 

·- .. ~ -.-,.. 

\.96 

,,; 

1 -.--·-

., 
~··'\..' 

395 

., ......... 



•mte~· a:u~'Vi'Ut'l: 

Bole '1 5, Paj&rito C&;ayon 
Al.tituda, S1"0'lll4 surhce, 6,592 

Total depth, al3 teet 
Drilled by Jenkina DrUl.1.:ag ~r 

!)lnd 3lld gavel, silty, sr:s;y. Tbe medium 
to ca:1rse sand is ecuposed of quartz 
.:!Jld se.nidine. The fine to mec!ium gravel 
is ec::I?Csed of latitie 1"'<!U and wlded 

?:.w s:llt is f'1ne debris dart 'Ved 
~ .. '! t':.:!.fi • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • .. • • • • • 

_,_;-;...;;~L.:::- c-~:t:-:::; :'s..'ll.....oe:;e ~'ber: 
·~r, :iUl:iceous, o~ll-~"'!' •••.•••••••••••••••••••••••• 

-~!!.:.~..i... .. _er ::~u ... i.',. otcvi 4:.lel~be.r: 

-
1-.l..:..";:' 2li.;:!:J.::.r pt:ricea:..:.s, ~ 1 no 'Ct.tff • • • • • • • • • • • • • • • • • • • • • • • 

·~ :~::.:!.i c~, !i~b:'~ ~t to ~.rlll. ta, 
:._·:;:uC:: ~S 1 i.!~C.~ 3C.~SS ••••• ......................... 

-~~-~!.~::, ~:..:-~\lccit:.c,. fi::~-w .t~d.illi~~-::ratn....6fi1 dark ~ 
~ri~; ti:·r/ ~..~~~!1.0C!':/O:s of o..li".·ine, pyroxene,. 
-l:::;l .'l.:l. -~:!.cr1 r.Ls-~. :\n :!.ntc.rl"lO".r ZO!'le present 

:::!Gee :t'lcvs ":)clc~; to TQb,_ :a:;;> 
~ -....... ' ..................... ,. .............. . 

__ .. :.c .. 

. ...... 7 
i '.:! : 

0 

2' 
l;.C 

1:.:.o 

171 

Depth 
{feet) 

To 

":)~ 
-~ 

-+0 

., ... ("' ....... ...: 



ilole ~ 6 # PaJa,r:lto C&D.Yan 
Altitude, ground eurfta.ce, 6. 705 

Total depth, 300 teet 
Drilled by Jcmf;1 na Dril.l.:1ng Crz:r[tmy 

~ a..'ld .:;ravel r s1J. ty 1 SJ."'S.,Y • 'l"1lc: fine to 
~ se.nd is ~ ~ qua.rtz azxl ami• 
di.'le. T!!e f~ to oca..-se ~ 18 
cccposcd. at la.ti tic l"'O!w 8lld vd ded t.l.1fi". 
:'he sil-c izs !'1:le d.e~!s derived fran 
~~ld.e~ ;-~ .......................... " .................... . 

_;.;:~-~-l~~.;· -~-\.~~·, :=nhi:-cs~ ~.itx!r: 

·~~, ~.J.i ... ~tJ~t ])C::-oUS1 ~d..1 ll~t gr&;y • ••••• • • ••• • • • • 

. .,__ ~~~~ 
. ~---, 

.~~-.::.:-.: ... ~:..:..~:. .. t:.:_:"'.=~, -.:~~:,:e _:~~:-: 

:--:~-:::ic-:1 1 ~:::i·:..~ -:.c :.:r.._-..:1t ~J"; :..:.~ :·~.mrps as 
... _--.,.- .-.. ~· '<r"-n~-~ ., .. ~--""*""-~ 

·-~ --- ............ -- ---- _...__ ·- ...,,;.:) . . . . . . .. ... . . ...... ., .. 
. !~~·;_-:_ ____ : ..... ·-;-~ .. -:!.::~: 

~lG:::e~<V;.-:(::, _;r~~-·. ~:~e: .~:r:_t,".:ci ~ci. 

~-:·:.-.:...:..· .... .::;;-:""_:; ~ ~~; .-:::.:: .... -c~~-::. o::, .b'ti tic 
................................ ._, ........... --

198 

.Dent:: 
(r~t) 

0 

25 50 

50 35 

J5 -,--::-
-·-~·;) 

'· . :. ~;; 
., .. _,_.,.__.. 



ilole ·~ 1, Az1cllo ~ 
AltitudD1 ~ surface, o,224 

l'ota.l depth, 55 teet 
l}r...lled b'J ~:ina ~~ Cmre~ 

;;~tei'!'lO...~' ·1.1.-: 'nriur::: 
sane. &lcl. ;;ravel., ~. "'""oe :Mium to 

COQ..."'Se 3l.!.ld is ~sed or q..artz az::d 
oo..""lh'i-i {'P• The nne ~ medium ~v-....1 
ia ~~or latitic rocAS •••••••••••••••••••••••••• 

~."1:l...:!~~cr ~;J;t.~~~ C~-.!. ~e:: 

~).ff, ~.J.;:.:.:J.:!' ~ceous, ::r!J,..e 1.:A.l:f'f ••••••••••••••••••••••• 

~~ut ............. ., ........... ~··········· 

-~:~:, ~~~~.,.,,;:.~, r~~'lC-:;;...:.:rai~'""<i, .. Z::-: ~~ 
~r!..~~.:..:. ~ :o-rr -:~~ )~~~:;···~~ ~f" O:Uv1ne 

.............. 

. . . . . . . . . . . . . . . . . . . . . . . 
~,r-.-:-·· 
~- ... -· . 

199 

lO 

10 

51 

51 , ~ ... . - ..... . 



~t.er.n..-.r aJJ.~ilvium: 
3ou.l..d.ers, cobbles, ~vel. IIIOd, 8Dd. aut. 

7!Je oocrae si2cs a.re ~'ritic lat:lte. 
!'ln settxi is caua-~z ana. !e.ldJt.tS.r •••••••••••••.•••.•••.• 

~"C eoncla'!.erate: 
~~ (!IJ..~ to silt~t; ~· ~ 
~vel ~ld oobhlcs are ~ or par-
;.:~r:--:t W.c .lc.t! "!ie. 7!-JC aa..'"ld is qpa.rt.z# 
.rc.U:.n~ ~ a..'"Xl lati tie debris ••.•••.••.•...•.. 

.:0-te.Yi l::;mi;il; 

~~..e, ~~ ~· ~~'Vel is 
:;-;ru:::ttc, ;e~t.:!.tie ::ntc...~n-1, lli::ld (Jlart%ite. 
~-:.,. ~n is ~!:os.ie ........................... . 

-~.:..~c!."Cr.t.t:!.terl '~1.-;i:; a:;~to, ?·e oraap: 
'h.~.;anc, n.r...c-to OCO.::."Se-C!"Q-1 rv¥1., s:Ut:;, 

.?i:•?-;"1 sh ..;:.ey; ID.t~1 s. ·ood of ellty clay 
:;~~lt.:. ll5 to .Ll. .. s.... '~!\! $w:.~ !s arkosie ••••• •. 

_·<:.::~C.ZC>.'l:C ~ ::'in.'-'-tc cca!"!::C•;..--~ined, ~"""nt:.c, 
)i;;··:c.: _:::.cy. :':;c :n.."Xi i!J ~~. Tbe ~"'n"'l'el 

.:-;:::. .. r;c tl;-e :::c:..-::l~:.~ti::! ~:t:!te, quartz, ~~zi~~ 
·.!..I~ ~:e: ... :3 .. s-;~ ............................ · .......... . 

• • • • • + ............ 6 ••• 

·.::;.~-~·.:c 1 .. :·~:.c-..,:::--~t.!: .. !£:~1 ~.:~~~~ ~ to 
.r-...~~- c~;.:t 1 .~;::1-j-"'i ~~ :U;:---..... Z:e ~ 1.s 

...................... ., ................ ~~.."" ... .. 
_,C:.~ __ $:-c;::~-::.; :i:~--;N :::E..~J..l:.=.·~:;:'Q,i:lCd, sil.~ .. , 

__ ..iO---p..;,·::.=~: ··-1::.:-:. :::~ ~ld. :..s -:u~~:nc. ~Ja:te~-
;_·:c.:,---:-:·_: _ _., ,. ... _. __ ,,..., 
_.,e 

..... ·-: -:-- ..;. __ 
.......... •J. .·--;~ ... _ •"ti'· ... ·J 

.... '" •••••••• .,. ..................... 4 ,. ........ . 

i.~ c2.:.!.cfl:.:t -~:c~--:~-~~~1. t.i c 
r.:::{~ ~~ .:.z 8 •. ;:·:;os1c ••••• & 

-.-·'"1. ,; .. ,.t. -·-·- ._, . ... .. .. ~ . .,. .,. . . .. . . . . . .. . ~ . . . "' .. . . .. .. .. . ~ ... . .. 

0 12 

l2 

... .. _.f..; 

-~ .... j-·-- ... 

,.....,:, ..... 
,:.;:,:•,.-..... _ ... ! -:-· 



t 

..., 

}~ ~ ·~. 1:·!! f,' ;::t~: .. 
1 j1! 
i -

WeU Depth 
(tt) 

~ 

llate 
at 

C:llertioa 

tear liS - ~ 97~ Jul :, 6, 194-9 
ll 478 do 

~;I··· ·'~ j 

{_i ~ . 
( 

Table 5.-cmxtCJ\L QUALI'fi uif ~,~II 
1 (ana~ea in parts per all.l.!~ except. 

·, 

·.\, 

1 . 
~~~ Al..AMOS AREA 

__ ;cr~ 1aldloat~td) 

~ 
'i 
:J 

.. ''"' ··~· '""'' . ····~. ,.. ~, '1:. ,: I' .of..,.~ ·.,.~ -t,~ .... · ._.,,_~;.,..-/ 
~. \~~·· "\'"'_". ; ;,£ .:·~ :c. .... < 4 

. _,. ·I "'· · ·, r· · 
. ~'; ':~:' :· ~ , ,:··' .Jl J~.; _I 

., '~-..!) :' i 
·1' i'·t ~ -

.. . . _,. :- r .. 
I . ! 

-~ 

; ~' I 
t ~ 

) ~ J ~i_. 

THMP. l111ea Iron Calcium ll~·;:nc• SU.U.u+Pot.Qz ... Bicatbtn- Sulfatq Chloride Fluori.U lt\rate 
(••) (Si~) (Fe) (Ca) s:!.um (Na) Bit.ll . ftt.. (S·J4), (Cl) (F) (~,> .. 

50 --62n 0.01 5.1 
55 59 .01 6.0 

(M;;) (K) (IlCX>-) l . ·"· 

VALLS TOLlm 
1.2 l 

·9 9.4 

1~ 
7\ 

2. 
.2.6 

• • 1 .... 

I 
I 

I 
I 

'f 
r 

I 

.1 
79-6 

lb 652 lul: ?7, 1~9 62 59 .()9 11 2.; 
1.8 

19 

•2 ' 
40: 
68; 
42 
1;8 

13 4., 
,.7 
2.9 
3.!) 
2.7 
;.5 
3·3 
2.5 
2,1 

.s 
l.S 
2 2.4 ,.6 ,.6 

,.6 
2.8 ,.6 
2.0 
1.6 
2.0 
2.4 

., -~ ., ,,• ' ···; 

'18 
,a 
26 
24 
26 
42 

122 
9)..0 J)) 8ep ~J, 1~9 64 S7 .err 

112 6t' ag. Oct 1:5, 1949 - ~~ 1.6 
~ 2'' cag. do - .03 
B3 6" eeg. do -- ... , .08 
Do a·· eag. do - '' .19 
Jl!;. 6" ctag. do - :S9 2.1 
a·.i 6'" oag. do - S4 .02 
1b a·· esg. do -- 59. .02 

.p::-tDg JUl.) t), lgt9 - 55 .Ol 
belw r .. 
!)) OCt ·11.~, 19:~9 56 57 .• 01 
Do Oct., h•, l9J0 -- 54 ---
Do Jtanei 11, 19}2 -- ·- --' 

irr . I. 9li Xcv. : l2, l 9 t)J- - -- 72- -:26 
~ June:'.20, 1950 -- 71 ---as 2" eag. Oct. 21'), 1~9 -- 70 .02 
H9 6" oag. Oct.:a6, 1~9 - 7'l .53 
Do 2'' csg. Oet. l·5, 1949 - 66 .02 
B:lO 6'' esg. rOC". ?.0, l~)it.·) -- 7'5 .57 
ll-1 July U, 1.949 st. 53 .02 

·~ Spring 
~ Jtu)c~ ao, 1 'T.tl - 6o ---
:)o Oet. 10, 19-10 -- 59 
De _J\.!UC _:l.L '!.9 i2 -- ... ·--~"------

1_11·-
'"' .... :! ..,; ; ~ .j 

10 .4 a., ·9 
10 .1&. 
15 :·1.1 
10 ·1 
10 1.6 
10 1 .. 9 
8.) 1 .. 4 
6.0 .9 

8.2 l.:.i 

·-- ------ ---
6 . .? q .. 
6.0 2.1 

10 2.7 
6.0 2.2 
8.0 l.•) 
1~ 2.4. 
6. 5 1 •. 3 

;),0 2.::) 

---

l2 
15 
ll 
lc: 
11 
1 .e. 

lb 
l2 
u 

43 
a 77 

~~-, 

42 
70 
51 
,a 

g.i.l. : . l~) -- ~ 
~~....___ - -----~' 

¥· 
2.9 ------

2 
2 
2 
1 
1 

' 2 
2 
2.0 

2 ---
1.5 

1.8 
2.4 ---

·T J 
,, :1: .e -'1 
.s f 

•• ~J r 
.2 ''· 

·' ·' ., -

~as 
~ 

' '" 27 
10 

21 
•• 

86.3 ' 
87.7 

c 107 

I a, .. , 
85.2 

100 
i 
I 91,0 

80.4 

ao.:J. 
80.;~ 

. 84 , --- ..... -- ..... ------- ___ ..........._ -~ 

• l . ... 'Afi* JT'.t'..~ ~-- -· - ... "'t. ·- }. :!!" r"" • _J - · ,; ":.u L .> .Ji .;, 5 19 89.u 
11 ~9 :l.4- 1.5 .2 a.lt. f!l 24 9,.a 

ll 

l~; c 75 :J.l 2 ,4 ·' lJ-2 8.6 109 
19 73 2.5 1 . ;6 ·' . ~£ 2f.l. lli 
113 €4 &.;; 2 . A .2 (, 26 llO 
19 8'l 9. ,; 2 ... a . ' ~ 42 157 

, . c ~ '" 1 .. 8 .~ ..... 4'Yl> 90 .. .;...) 4 ... 1 ... 1 • .J . • .u ,...r ~ .l; 

11 48 2.1 L3 .13 .5 101 23 8;: .. 7 
...... 
..... 47 --- --- .8 -- -- -- f3~ s . ... . ~ 

1-'}._ --- 1.:'? --- ·-- -- -- ~·l 
I ·'•'-· 

-~-

. (._} "-~~: ~;] r~.-- ..... ( r. 
-~---~--- - .. ----"'- .. -= -· - ... - --. -· •••• ---·- -- < ... . -·. -· ~~- ·- -~-·- ·------ -· 

-· 
, ;I 

.. ~ \' ·r r 



~il.ld.ifterentiated unit, santa Fe ~·ct. 
~~~ .. ~ to~~ pinldab ~· 

The 1'1ne :;rsveJ. .ia caagoaed ot pplvr:S.tic 
~~ lat1to. J~?e aaad ia ~c ••••••••••••.•.....• 

~ .. tine-to :mcU~, aUt7, 
~'"iah l)ink. 1bs srmd ia arkOaic. 'fmcn 
cf ~ are ;aoeaa::rt. ater-~ ................. . 

AD !rae ~5 to 538, but ~···••••••••·••••••••••••••• 

~~tiDe-to~.~~ 
ciJ.t::r1 J.i n1·;1 sa .:;ro;y. l'.be SBCd ie &J.11::Ds:lc. 
-:ne :tine sravel is cc:mpcaed ar 'ftu\1011dc telzr:f.8. 

.k~""'"!rle 1 fiLe-crru-"lCd, sllt;r ~ ~~ 
::::u.yi .. ~ Ji:"..k. !'1;e Slr.d. is ~k.oa:Lc ••••••••••••••••••••• 

:£.:~W;Co!-;a 1 f""..:.!le•:WO ~~-,_;ra.~ .. ned, ailty1 
_:r~:ri~: :;i!!l:.. :r,lC Stl!:ld is m-~. Water-
::..:~i:t.: .................................................. . 

........ ~ ..... • ......... . 

.. ,...,.._. __ --~"')-· 
~ .. · ...... ~-~-~y· ............. . 

.. ; ~ .!.~ .. 
, .. _'-~~•) to lt::ite ••• 

.:.:;..~ .•. ~-~-:2- .. :·~ ~-:_;;: .• ;:.o ."xe=~·:._'X'U~"'d., sil:cy1 
:.:. ... ...>.:;:.:.C~ _:_:::.: ... ;. '.:.':~~ ~...:t ~o ~~ie. i-later-

.................................. ,. ................. ... 

:· .... , . ..;......;._.,:_· 

;:.:.:.r:~~·':',_.,:..;.::.;: ···-:;~-~ ;;L..a.i~·~;:'tli:-~ ?....~. zs:·r~: 

-·-" ·:...:..:...:_ :•:;-,- ~'ilttrtc .. "}J, ~ ~ter~, .;r.:lYisn 
, __ .• ~::c .~Ji !s (l::~os:!.a. ~3 =.f ~lC 

·· •· ·-~-~:..-4:~~: ~-lf~t.~r .. :~:o~~~:.~; . ., ~c ~'oi.4.c-.vs:---

.. _, 

. . . .. . .. . . . ' .... 

-~J ........................................... . 

:Depth 
(feet) 

Fran ·:;,.~ 

.,::;:; 

570 

iTO 

7
,.,-
l.N 

'77 
. .,...,,. 
I i .J 

--~_.·. ·-
~ :..' ·-

'·1 .-
.. .,.; 

,.i .,.· ,.,··"".•' 



:.."nd.tffa.......:mtia.U.:od unit, santa. ~ ~'d. 
Slltr...cne, ~'e"J to ~. ~ 
~~ ................................................... . 
~. f'111e-to cca.rae-~, .U't\r, 
~ _pintt. 'l'!le SJd 1& a.rkoa1c. 
~:t;ezt,~ ••••••••••••••••••••••••••••••••••••• 

:D.cdstaae, tim-to tedium-~ atlty 
to clayey, ~ pink. The an !a 
az-korlic ••••••••.•••••••••••• • • • • • • • • •• • • • • • • • •••.• • • • • • • 

.larli'ctanc, !'inc-to coa.rse-!7.....1ned., ~ 
_pi!ll';. '?.1e sa.nd ill o.rkosic. water-
~:!.11{,;?· •••••••••••••••••••••••••••••••••••••••••••••• 

~'"";..lt::r..ooe, ~- to ~"eY; ~ 
J.il~ .................................................. . 

:?.:lr~....o!le:! .:'1.~-to ::edium-_;rfl.ined, ~ah 
;i:~t. 7!-;e Sll.l!d ia ~l:csic. 1·/ater-
.. e.a,.;.-i:::...~ ~ • - ... • • • • • • • • • • • .. • • • • • .......... 9 ................. . 

.............................................. " . 
::;.._,_~~~} .:.·1no-oo coo...-oo-;;,.~, ~'"ish 

:;l!...i:Jl.. ·~ san;i is :lr>:.csic. water-
.~-..:..:1.~ ................................. . . . . . . . . . . . . . .. . . . 

. ~·L!.!.: • .................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

~ ... , , _ ___ .._. 

..... _., 
-.--,..-.,&...-;. 

!'irlC• t;c c<Xl.rre- :.,;rc.iZed~ .:;ra:--;"i zh 
:iat.er ~ 

• a ........ • •• • •••••• -. ..... ._ II 

·:.:--::-c sa.r~ !s ~·::c~i:! ............. . . .............. . 

202 

l,Q20 

l,llO 

~,2lO 

l,250 
~ :,z.:o 

l,M 

... · ....... .1.,-.,.. .. f,..j :,;20 

_, .-lC 



~atea. uru.t, Srmta re ~·a. 
JlL.® '! t "Jreceill, ;;:vv to ~i:l sra:s 

'to ~sb. 'l::ll-cul. • • • • • • • • • • • •••••••••••••••••••••••••• 

!3Q.&~t. t"i.re-~# &.~ ~- ......................... . 

:lr:J..f.fl\lt. "bz'ecc.1a., ~ ~ •••••••••• ., .................... . 

Ja3al~J :~~~, d$rk ~························· 

·~za.J.;;;ic :":.ibble :J...~ ·1-e..,.:t ~1s" ;;1C'J 
~ ...................................................... . 

e • • • • • • • • • • • • • • • • • a .. • • • • • • • • • • • • 

203 

~.?th 
(!eet} 

?:at: ':0 

... :::~ ... ,>J l 1 7l0 

l.,TlO 1,735 

1,735 , '790 -· .;' 

1,m l,Jl.o 

1~3l.o 1,338 



C:UO.ternar"J al.luv1um: 
3oul.d.ero, cobbles, gravel, aDi S8Di. The 

tJBUd 1s ~, feldspar, 8Dl J.at1t1c 
de~...a. 'l'be coa..,a,r a1::es ant ~tic 
latite and ~z latite •••••••••••••••••••••••••••••. 

~-~-rc co..~:lcce.rnte: 
;ont;la:s;:ra.te, as&ldy to aUt,y, ;;nq. !be 

_;ravel. ~ cobbles a..~ CW!!JOSed at ~ · 
. .:.~itic: latite a.nd quartz l.a.tite. IJ.'be 
nud 1s (11A.-tz, ~c:1stsr, a.r.d laUt.ic 
..i.eoris. 'l'he silt ia ~to~ 

-
··.·1 ............ .......,..,_.,......,, 
~ ~~ ....................................................... . 

.~::t,;:~"'tl.te, 
=~a:::.::x;ZCC. o£' 

~~;e i;r:svel. 1s 
r~!als derived ~ ~

-~i:r::--l.Z'1 .SCU..""CCS •. ~ sa.."ld !.s arkosie ••• 

·.::::...!..~'.1.-·-~~:rt.io.~~ -;.l.~t1 :h.~ta Ee c,:.~.Jl): 

.. . . . . . . . . . . . . 

~:.z.l!:;ta~, ~ .... '1e.;c cca.-sa-v--ained, ~ 
:~:ru:tic:, ~ut:,·, ::i.n::ish vo::1. T!::c sand is 
:::.:.csi~. 'l'!x! ::::awl :;izoo :;...~ c< .,~ of' 

J.£ti"tc ............................ . 

. c::..·~J..:-z_-:o:.~-=c, smr~ ~o sil.t.y 1 2inld.ah ~Y. 
:.::~:::::! _:r~vci s.i::cs C::...""'e .:a.ute, ~zite, 
·-e.~~i-~ic ::.n-tm~i.'ll, ~ ,;re.nite. T!lc ~ 

.:..~ ..:.::.;~~:otic ........................................ . 

~.lll!;".;~~.:.c, :~-:;o c.-a~."~·:;:al."AA9d.1 si.lt;r, 
~~Ji~..;:.: :;i.:·:l;. ·.:..~ ~ld !.s :.:nilll.¥ artooic 

::~inc-i;o ~ca.Tse--:~-c..;--~, ec::'"'~:lal• 
.......... ';- ... ,4.: .. .. ..... _ .... ..., ......... ; _ ;~sh :_--ra,y. ::.""be re..."1d. is a.. ... !:on:i.c • 

~-UJ.:.Cr- .~.:L.~::- •••••••••••••••••••••• 

. :::.:.;.:..::.E.:~:.-tc, ~r :lnd sUt:;, .;i..'"ll>!:Jh ~:."· 
-···- :..:.:';a! _ _;;-osv-cl .!..::i ::a:-...._?Csed •Ji' ?0%7.l~"r'i t!c 
· .-.:1. .... s."::.:· . ..:-:!.·::..~ ~u ~:t.~ ~~~::tee. ·'":-.:.:.a ~~ .!.a 

··- ;.. ........ 

204 

~ ... ·· 
' .,;.·-. -_, .... 

:.e~t~ 
{~t) 

?o 

l.5 

;o 

195 



:.Jndifferenti:l.t.eu mlit, 9lLtlta Pe croup-Cant 'cl. 
~a:.em.te, FJaDI!:I, pJ.nkish gr8:¥. Tbe 

!ine ~vel ia ~tic quartz latite 
and ,7..zm:ice. The sand is s.rkoaie. water-
"'-"'"- ... ,-
~~· ••••••••••••••••••••••••••••••••••••••••••••• * 

•'m:;1.a::lcrate, ~ to sllgbtl.y a:Uty, 
.Dinkinh i!):'8i'J. ~setJtjnJ Jy ~ Vith 
unit £'ran 333 to ;9~ but lea aUt. Uiater-
1:el.::-i.ng • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. ,. • .. 

;~-ate,~·, .U~·, and~. 
~'ish ?ink• ~ fine GESvel. 1a latit1c 
.det4~. ~ saDd is arkosic •••••••••••••••••••••••••• 

_;~t;~~tel ~ 1 pUiLd.ah ~ • 1'J3e f'iDe 
:;."tl.vcl is lD.titit: debrta. The .m 1a 

'Wa."tel.-- 1Jea.za':tllt~ • • • • • • • .. • • • • • • • • .. • • • • • • • • • • • • • • 

:~cr-..;:,;,..la:e....~te J ~·, ail.ty and ~' p1nk1ah 
~-. '1".~ fiDe .;ravel is ~ of -ml-

Tho~ i~ ar~ ••..•.•.....••.••••. 

. Ja::'ci.s'"...o."'le, t'ine-to CQB.l"se•:.;rai.'led., sJ.i{;btl.y 
;;l.l~~p. ?.:a sa.r:.d is sr::;osic. water-~ .......... ., 

......................................................... 
;~.£.:rt:one 1 :'~-oo ~t:::1-c;ra.ined, silty, 
~;1~ _;i;.l.L;.. ~ sand is 4rlwsi.c. water -
:~~.: ............................................... . 

.::C..;:r.r.~s~, fine•tc f!Ct'l.rSe-~, a1l.t;y1 

:;:;:'Uj·"ia.."l ;L"""lit. '~ sand is JJ.r~stc. water. 
~~;.~-:~~- ..... ,. ....................... -........................ . -- ........ 

..::i..:..·:;,.u;:.c~:C 2 :;3.~ I ~~l l:~i.....-u~ .. • • • • • • • • • • • • • • • • • • • • • • • • • 

.:;~;:.a:;;;-;:czlo 1 ::il.e•to :::c-.litn-~;rtt.i:x.od, ~· 
~u t~··, ~~J -:iS:: ·~~·iZ'l!:.. :lJe aa.rJd is !lrl:oaie. 

-·= ... __ ~:_.1 ~'Q.?'"t, 1t:~:tc~~~~-: •••.•• IIi ••••••• 

--:·•· ·--.;; 

··----
..................................... & •••• 
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393 

576 

719 

950 

~,000 

1,rro 

... ~ ......... -. ' . .... ,~-..ii 

576 

1,0;6 



\Jlldifferentiated. unit, Sf.m1a Fe ~·d. 
Sa.ndsto:le, :f'i:le-to medium-~ a;ad ~ 

alltatales, interbedded; v:Lth 8CIIe tb1n 
clay bed&. Tbe -.a:t s.a a:-kosic. Unit 1a 
water .. ~~ l.,;A5 ~ 1,31.5 iii! l'i?50 
-to l,~o ............................................. . 

Semdsta:la, n...-to mdtum-graiDed, &mJ'ish 
:,!r...t;;. ~....e saod !s a.~c. W&ter-be!riDs·· .••. ·~ •... 

to 1,;60 
to l,.Jo5 
to 1,.;55 
to l, .~~9) ......................................... . 

:.r.:.t.s"t..."'UC, L.:rav'"i:ili .?inki U'itb. ~ thin 
-...:~~ o:· ~:J~. • • .. • • • • .. • • • • • .. • • ......................... . 

~:;;U:,Stonc I £i."W•t.o :.Iedi'Ul:l•~l sUty I 
~"i.e:'! ~b.k. ':'":1e sand ::!.s o.rkosie. 

.................................. 

• • • • • a • • • • • • • • • • • .,. • " • • • • tt • • • .., • • • a • • • .., 

~ . ..; -·~ 
.;.""'~ ••••••••••• II' ..................... . 

~~.:Yt:.cce 1 .::'!ne-l~o ~~:L::'!•:.;:a~'lad, ollty, 
,:i.:-?.~:r:.~ -~~i:l.li. ~~ sa.rrii. ls !i.!'~c • 

. la. te ::•-:~a.rin.~ • .. . .. . . .. . . ... . . . . . . . • . • • . . • . .. . . . .. . . .. .. . . . . . . . 

'::.!.::C..~oc~, :"ine•to :~.i.:-~--r.l-1.~ e.nd. 
~:;.(.!..--~·' ziltntc:lcG, in~:·bccltled, ~sll 
.. -: .l::~~~~ _; ~;:~ !;:1 sa:e ~~~1 'Oed..s of ~Y. t:r'!.2c 
~:;;l.l:t!. ..: .. :; ·~.~~cn.ic •• ~ ..... ~ ..•. ~ .. , .......... . 
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1,475 

l, TiC 

Del)t!: 
{feet) 

1,530 

1,760 



c;ua,ternArj alluviu:l: 
3ou.lders, cobbles, srsveJ., sand, and s.Ut. 
~coarse si::es are pcr~tic latite 
rmd q.w.rtz Jatite. Tte sand 1S CJllll.l:'tz1 
~, a...""ld. · !,a.1j.1 tic ~1s ................ · •••••••••••• 

:':.'cj'"e {!C"'~te : 

.;a~~"'Gt..e, ~ to silty, :;r:'fS¥· !he 
:::c:Dbles atn ~ are ~ at 
:U.titc a."1d. qtL-t:: latite. :bl .m. 1& 
r~""1#Z1 fnl~J and ~.{ to ~ 
~z-.,.!" .rltJb.-ia .................... • • ........ • ••••• • • • •••• 

,;cnc:J..r..:a!:;:a~~ ~ ~,. J 

_:ro.vrcl ::.t!':! ~":l..;.i te • 
~ae sand is ar~sic ...• ~············· 

.:.!.:i~~::: .. c:~~io.~::. ~mt, 3l.nt;:l ::'c blV"'J?: 
--~·~tc:!::, :~~-to eoa.t-so-~, aa16lcmeratic, 

:ir..tisl:! ~-a.;:. 'Z."Je G:md. is !l.rl:ooic. 1!be 
~"':1. ~"'C.l. .:_o l .. C:l..!. t.ic r:le ~i G • • • • • • • • • • • • ... • • • • • ••••••• • • • • ., 

.... 
....... t -J-- ..... , _,ir.J.: ... . -..... ·.v 

~~~.t.zt.o:::-r:, .. :.i;j-~~ zcr .. ~cce..~tic~ pi!lJtitk.~ 
.. n~ • .-~:.; sa..~ .:.~ ;.u:-~.:osic. ·::.oe : .. inc 
.. :: .. CrVt:~ 1 .~c.!:! c:.-. ~~i.ci.:: iS :'JltC"J =e 1 !:; 
~\;! !;..!.c : :a::c.~; ~ ................. . . ......... ' ........ . 

-..z ~~- :. . 7 :;c ;~ ~01..lt CC.""lt-:.i:l!;Jt; ~l~ 
.::-. .!.:L:.:.. t.~,; ,:;:=;. . .l:t. ............................. 11 • . .. . . . . . . . .. . . .. . . .. .. 

. ~~~ .-~~~::-:1, t:.:!! ~ld;;" to ail.-t:r, .:.~ 1 n~:,1 s.'l ~-r.l\>' • 
-:-=·.D _'J.::.e ·,;c -.edi'IZl ,;ro.\"t!l :..:; 3licl.y la.ti-:;ic 
_ ·_-;.:1.ic-:! ~-r-l.t:.: rnfoo~1at.e ~-;c~~;l~!'n tie 1.£\ti. ~. 
_.:.::J . --- ~~ ..... ~sic .......................... "' .... . 

~.:~,~~·t.c:·!~; .:.~r:~--~c ~ .. :JC·:;:-a:ined, sli,wt...w.~ 

~.:.-:.~~, .:::!.:rJ.cl~ .;;!~; ~dt.::. .a, ~--ace of ~tie 

~-: ... :.;_ .. ._ ~~r:.·.~ --------·--.....4 
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~pte 
(;;~t) 

.·:.~..n ~ 

0 

11 

llO 

llO 

··10 

-_,· ... 



l; ... JUffe....""CD.tia"t.cd unit, Santa Fe ~t'd. 
~na.1 f'1l:le-to medium-:..;rained, 81l.t7 to 
~y, ~ p:i:lk. b -.n4 1a vko81c ........... . 

CCngl.cDerate, IIEt.l1d;y to aUt;(, p:Jntd ab sra7; 
~~same 'ink~··································· 

2and.stoae, ~tic, pinkJfJb i/PiiY• 
l!:c tine to carne aDd 1s ~. 
~ ;;r:.neJ. sizes are volc&n1ca. *ter-
~~~- .............. t .................................... . 

:~Je aaaa is arkosic •••••••••••••••••••••••••••• 

1f'nd">t.cn!!1 f'ir.c-to eon...-ae-~'led, C!Jt'DS'aner&t1c, 
·_;;i.a,i~ ;;ray. The sand 1.:; ~·l;osic. b 
~wl si~s are vo.lcanic debris. tlater-
~i:t;.:-7. ................................................. . 

3llt.ztcrlc, ~ to e.l.aye'<J, e;rtlYish pink •••••••••••••••• 

-t·-~ ·r.Ja~~-~· •• • • • • • • • •• 

.:ar.d.z""~, ::-ine-·to eoarso-~, pinkish 
_-:::a;,{. :i::c ZWJd is o.rl<;OSic. \.J&ter-iJC~L.":i!!G •••••••••••• 

.:c;:-~:im:cne1 :"-4ne-to ~!.=•.'.::;rained., sil.ty 
-:;..'J ,z1z~'Cy J cra;rit.ll'l :~ir.Jt. ~ sand is 
.:l..i.-. :osic .................................................... . 

~:J.:::s.:~~1C, ;:"me-to ecarse-;;;:ra.i.."led, zrayish 
_::l~:.. ~ 3a:ld !G e.r.l:;osic. ~ater-"aea...~ ... 

. i?.r: . .::;.1·;;c;.tc, f'! r.c-to coo....-.ozc-~, :W"Jdsh 
..::-:.;.". =::e ~ .!.a ar~sic. ~ter-oear ... nr-:. 

;ink ........... . 
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Depth 
(feet} 

?ra::l To 

'·7l ...,. 

:;OJ. 

655 
.~ ....... 
·:v+ 

719 

77:. ... 

.00 



""CJI'ilt, ~ ~ •••t• ,., .. "'.... ... .. . . . . 921 

81uadat:cDt, 11M-to ..a.t--.,eld-\ltaMliJ' 
sil.'Q', ~ pSJtt; wJ.'U:l ..... . ...... 
~ td&* o:bQ-. tbe _. I.IJ ad j ••· -. _ 
~·· ................ ······~f··········· ... ;.......... 936 

- •l• 

c:l.EQ" 1 ~ ptDk, ~ to eaalr• • • •• • • •• • • • • ••• •• • • • • 1,000 
~ ?.' • ' . 

JllaJl:t bl:ecc:1a, reNI.ttib lrrcM:1 to ,-Hf. 
r;re;r; With acae .a4m1'!"'4 JaD4 ••••••••••••••• •.•.. • • • •• • • 1,012 

Cla;.y 1 ;r&i71ah p1nk, 1111- to ~ • • • • • • • • • • • • •• • • • • • • • • 1.,-CJ!)O 

Cl..s7 1 ai.l:ty to ~ 1 ~sh p:int. • • • • • • • • • • • • • • • • • • • • • 1,.1~ 

Sr.udstcD.e, ttne-to ~s;ra1nec1. -a:nv. 
~ ptnk. b GaiJd 18 arkoato. 
11ate.l..'-~ ••••••••••.••••••••••••••••• ~............. 1.,141 1.176 

~, ~. ~ pfak ••••••••••••••••••••••••••••••• l,3l2 1,~-

~~ rim-to 1E41um-grs1ne41 ...,. 
vbat ailty, grayUh pink. 4l!J:a .,s. 1a 
&r"koai.C. 11a.te:P-1Jee:ria§. • • • • • • • • • • • • · ... • • • • • • • • • • • • • • • • 1,.~ 1,365 

~. ~. em_.,. aut-
8teae, ~ p1Dk. 'ale 1111111 ill ark:JS1c. • • • • • • • • • • • • 1, ,:)5 l, ~ 

Sl.ndata:l&, nz.-to .a.i~, 1'71• 
'Wt:at ailt;y, ~~ pink. 1!le --.1 ill 
arkceic. later~~······························· 1~391 11 426 

209 



::ia.rldsta~e, £'1ne•c;r&illeci, Gilt)", arld silt;y 
~st.ooe, interbedded, ~tl.lt ~; 
v1 tll sc:ce thin beds or pink <:.1.q. 1'ba 
sar.d !.9 armsie. ?arts or ~ •cpme! 
~ 1m.ter -"bear...n;:;-:, !!. roilows: 

:..,461 to l,599 
..:, T5C W l., ITO • • • • • • • • • • • • • • • • ... • * • • • • a • • • ,.. 1t • • • • • • l, ~7 

210 



~~ a.l.ll...'Viuc: 

Well Ci 4# OU&Je CluQml 
!at Sec. S, T. l9 11., B. 7 &. 

Altitude, grouad .urtace, 6,229 
Tcta.l depth, 2,002 teet 

. Dril..led by Texaa arte:- Vella, tnc. 

.aoulders, cobbles, ~:vel, sand., azd a:U.t. 
m =teri:lla are of lati tic cc:m;pos1tiaa •••••••••••••••• 

::---::yo ~l;.;.:J.cDera.te : 
;;o:::...::.lcr.e:ra~e, ~· to sllty1 ~1"3\1·· ,.,~ 

::cs.:.::-oo aizee { ,;..-avel1 ccbb.l.e3, a:J.d.\tew 
.;;o':l':'"'-.:-s) a...-.oe or ;c...~itic: l&tito. 'llle 
.~ .:.G ~....:a..-tz, .teldspa..;."1 &.-.d la.t1tic deOris .. 
::~ ~!.!t l.s .;less:,· to ;a..~:taP,y Jl,.us-.r 
.. · .. ;z,:~2:...o.i~ ............................................... . 

;or~_:.l.cr.:e.mte, ~ :~ ~.. T1le e;nnel ai:ea 
.l.rt! :.nL.~~ ster...al..s f:."''%1 ~~ 

·-nr-a ~~ .J...s a.:-l~sic •••••••••••••••••••••••••• 

·:ld.i:;~1\~re..."ltia.ted unit_, santa ?e gl."'C'Up: 

":?ni"lC.sta:>..e, fine-co cce.rse-~-.e<i, ~mtic, 
:_:;:I '11:! s.n :;:::.:r. f"7:r G30d is arl.osic. The 
.. :~\"!!1 ~izcs :1re ~ ... ~Tit!.c la.tito •..•. ., .............. . 

:S.J .. :·~c-~::.n I 'lS .. CJ:"""~ 1~2 ·to lA .......•.................... 

:.0z1.::1.~2ro.tc 1 ~~- "Vv ail t::f 1 .:_;:.!..iJld.s!;l ~r • 
-=~ ;~!:aa to :led:!.:.;:;. ~:r:r.V'tll sizca a...-.oe caa
_::x-;re--..:. .::· __,:xr_;_:;.ll;',Tit:!.~ .la:tite aud ~ce. 'i"Je 
,•··~~,d ~ ~ ,~:~.-. .... ; r- : -...... + ~ .,. ~ ... ..~-~-~ ---....... .............. ....., -~ ....... ~w ....... • .. ~ • .a.;...., -i.iit iJiiilllo~- =.:::::slli ,.._-~ 

~,)..--.,. -- .__. 
~ -~ .N t ...... J..~~ • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • • • • ,_ ....... ~-~ 

k:L.::Ct1:1 1 ... ~l:~·~C C~O.~•t_.ra.i&~, ~an-

_,:-.;;:::,:..:, i..:~:i;:-..;~ .. xu-./• :I:c sand is a..."":kosic:. 
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...... 

15 

l,.;."lQ 
.. 

l.J,:· 

lU-3 1.30 

l:'C ~~1 

2J.l 'X)? 
'--'"' 



::":ld.ii'i'e......-entiatcd 1m1-;, :lint& Fe ~'d. 
Si.ltStOlle, ~ to and;y 1 aDi v;i,th 8QDe 

.:.-re.·W"t:.i., -~aa _;.)i:lk:. 1'be c;:sve.l a1:es 
are~~ materiala •.•.•.•• ~··············-·····~·· 

............. 
&S 'fran .5 ;i6: '"to 5 ,51 •.. • • • • • • • • • • • • • • • • • • • • • • • • • 

·_a""lastane, ~tic, Yith SCl1ll tb1D 
"':.;eM...s at si.ltrwCDS, ~sh zt:'&7. b n. 
:;o cc:xsr::;e sand is ar~ic. Tbe t1DI ;nwal. 
.:.s ·:cl cacic J:D.ter...al.. water~- .•.•.....•....... 

,?a::"-..d.t:rll!:'-!lfl, !"::i.rle-to coa..--se-e;rained, ~ 
::ilt:t.~ :;;i!~nll ~· '~re is a Utt.l.e 
.·_;..""avel, eomposed. of volc:snic:a.P lnclu!Jed 
,.!1 tbe :J.rko::;ie Sll:ld. ~ter-~-.;ng ........ ~ .. 

::c.t::~tc.r:e: t!.;;lc-to .::oa.r:re-::;r.!.ir:.ed, sl18htl:r 
:lilt:t: ~~·~{i~ pj..n.'t. 1"111-e S&Ud is arkosic. 

··~······ .. ····························· 
................................. 

. =..v-~C1't.t-~, ~~::;.c,.tc ccn~~ .. -~~i:-1~...1, sl~.!ltJ.)~" 

::n.lt·!; .:;:-n.:,ri~ ='inlt. -~~ sand :!.a ar=osic. 
. !a~:--:.-,::~~~ ............. .,. ......................... ,. ............ . -----"' 

-· _,.. ....... -
,_. ~ ••....J "'I' ·• • ,..,_ ' 

·~.l -·"') 4 ·""\ ··--.o.--t.,..U 
... ·-. 

..................... ,.. •• 1111 ......... . 

e • e I .... e • •• t • a • e " a .... " .. • • • " •• _, I a t 

. . . .. . . . . .. . . .. . . .. . . . ,. .... 
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i.e~ 
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551 
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551 
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~nc.~r-Zere.u1.:oia·~J ..mit, .3Gtlt.a .?e ~-cant'd. 
·~t.ic .:-.. ;.:dW.c, "td:tll :sax: :.iih::ti:ZK.l 5lOd. ~ 

;:,lx~- ....... "' ..................... "' ............... . 

-c·"'lz""..oa·~::· 1 ::.ne-co 3!Yli;..:::l•;;;ra.i :Jed~ al.i£....""-'tl;,•· 
silty, ~ ?ink• ~ SQ.nd. is ar!waic. 
:.8 "tor- 1:x..~1.!1$; • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

·.:lo;;h sU;;;,r ':a ~ slltstCXlC, With acz:e 
:"2l....r:C., :.:;z:u.~sll ~"llt ....... • • • " • • • • e • • •••• 4 • .. e • • •• II e. e •••• 

:;i::.~:.rt.."!!O and ~!..1C•7....i:led ca..~, irrt"Ar
:~2>i, ;,:itb .3Q;~ ·~ ~J;s.y Oe-Js, ~ 
_,::..:.:;~. 3~ uni:: 1D ~"¥;[ ·.ater-bee.ring .-..------ - -.. :-a~~ ~~--~1 :o l' ~~"...) .............................. - •.••.•.• --

.:~_·. ·:o:::~c. 

- ........ ~ ..... ---- -. -•t-'"-'- • • .. ,. .. • ~ • • • .. • • " • • • ,. • • • • .. • ... • • .. • • .. • • ; .\ • ... • 

:1. ~ .. ,,; :·- :.f ~ .. ~: .· ~ .... ----·-----

..... -

' ... --
._ .... ~- .·. 

' ................................. ..- .............. . 

.... .,_ . ., .. ,., 
·~-- .... -' 

· ·c.-~~0r-:~:..:1. ~ ..... ~ . , .... ~ .. . 
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l,OOl 

l,105 

l,l~ 

:,:.~51 



<;:J.iAlt;Or..:m"'"J a.l...ll..."lf!.'..i:l.i: 
~~ cobhlesJ ~~~ IJIDl, azl4 sllt. 

All ~ a..--e af lAtiUc eoepoaltiall .............. . 

~:,clarm:&.te : 
~~tu.'C'IL'tlO, -....&:/ to i.'d.l:t¥, {;"!"'Q'. ~ 

;xa.-oo 3i.:rim {~ a.n4 ~) ... 
. ,:Xt.;~~ ~~tic latite 
~""Jfl I'Z'~~ lAUte ¥1-th ~ 
·::o.::;:ul~ c£ lat1t1c puc1ce. 'l'11D .. 
-~ ru-e !!-1At"""..Z• i"cldapar ~ au4 laUUc 
~:a-zc:'..;.QJ.s. ~:e $1l.t 1a ~ cfebr1a • ...•..•.....• 

~-p! 

... 
~~- ........................ ~ ... 

-~~;a,~ 1 z:1AbJ.e1 !"1:x.:..atQ aca,..-=e-~1 
:;:x;x..--~v ~!·.c•tie, ~/. :'he s=xl 
:;:-:~:z -.Z.:"C •!.:a;.~::.. eoli:'.le-'"....0 ~ ;l~ 

:r- ~ r~ .7-.:a;;·, :::;.;-yJ. ::;i.::::.k to ;r~llow' ;-:?lill,ceda.tie 
-~ '1 ~ ....... ...,_ 
-~-"'·"-· ,~., .. •~oa.•••····· .. ·····"····· .. ········-.. --····~·· 

c..? ~~ ~:if.;h :.u.:lk, v.tth 
.~";'S'-K:l. ~Xi3&.! 0::: l:lt1 tic 

-f''!l- .. ry· .,......: - 1 t~ 
...-...:\r..,.,__ ... ~ ~ ...... 't + ......... s ....... * ..................... ., • "' ••• 

. -~~~~:.::..~ . .!.~1~~;:-a.·~~~ .• · .. 1i:~~;ieh crw. .:'"..:s ::w.:ae :r;o 
~i!: .. .::.: ... ~'J'!'!l. si~e a.."'' ~~ at l&t1t1.e 
:.:;.::!.;;:~ .:.c:~ ~-..ui.""Dto pcrr~Tit.ic lat1te. 
~ .. ::n~-t -c!: ar~a Ga."'ld Us ;:-ezmt .. 

_·::.·:.:.~l.:l::t!:.~~, ~::b~1nh .~~!'- !be ~...net to 
:s::-:~_::_;;:: ·_;::tt,.-el ~i::O.S .::W."e CW!l()aed of ':;a::'
-~~~:.:~~ic ~-;.:.·~ ·~~ :lU~~ lat1tic 

-~t>o'\.J~' ... ~ 
_..,_..~.-;,.J.a •~•"'••••"•••••a•~t••_.,.,..,...., • .,. ... 

. ,._,...,.,:.... 
... ~--~ •••••• ~ .... W • "' • ., .. <0. ......................... A .. 
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:..~!'.t"'eren'tie.ted. unit, 31.i:rta fe ~·d. 
::lAY 1 ;~ri:lh ~, cc:rt.oJ.:l1ng :JCI..II!! lati tic 

~"Ve'l ................ - ................................. . 

~~"Ute, sa.'Xly to allGhtlY a1l:ty ~ ~11:'-"i oh 
[;rsy. TZ f'i.":le enwel sizes are ••n1~ 
!At1t1c ~. 'b SI!Wd is arla:l81c. water-
~ .... !..n.t.T' - .. • • • • • • • • • • • • ... • .. .. • • • • • • • • • • • • • • .. • • • • • • • • • • • • • • 

-~.a ~-..koi$ic ............................................... . 

_j;~l;~ :"1:~-~; rla:"lt ~·· ~ Vjpll8r' 
:.:ci .!.a.'nr 5 ~t ot t-~ t".l..\1 azoe h1Shl7 
· .. :e-.Gic:t~ .. • • • .. • • • .......................................... . 

~~:!.~:lr::~r~-tc, ~·1 _:;!::.~:i~.!! :.;,...~.,· b t1DEt 
-;otl,.-el. si::~a a.."'C '.~Clc:~.."':ic :-c.~..al.s, ~~~ 
.:i..o!-i Yt."tl ::~an a nea..-!;~· source • The sand is 

....................... '"' . " 

3-~·.;,;,;;;r • .. • • • • • • • • • • • .. ... ., ..... ~ ........... . 

' ·::(_~~~;.... . ' . . ... . ... . . . . . ~ . . . . ~ .. . ~ .. . .. . . . . . . . .. . .. . . . . .. ... ... . .. ., . . . 
~:..'ll;;la:-.c~~·t.:"";!: t..~~ tc wJ: . .:·t;::.~~ ~~.L.~:lh z:o~l • 

.. :-:e f'!:.Y::! .~:.-u. ... "'C.l sl.::~z ~~ ~T~~sed c:zf 
-·"':;] .. ~~::.~ ._n·~: ... 11 ~1 .o. -~;e Z%1:..~ is ari.:oGie •• 

• ~--!.· ----.-l 
4....:·.#1- .. -~ i pink ••. 

~'!.;!C-i£· ~O?.~G·-~---~~-:e'J.., :>illld~ 
~-::..i ::.c ~ .. ~~CC~:! • "~t.cr_;.-:ea;r~ ~. 

.. -~:-'"" .................. • ....... ... 
. ,...., .. ,., ... 

__ ,...,._ . 
... -, 

-~.!.'1 • 

' ·~ .. 
"'~-~ 

t·•·-· 
~ ... :! :.) 

.. ~.,/::.. f_ . ...,,. ,-.. ., 
j.)f 

-

D.· 

-! _._:1 



·~.:Jd..i!"'t';)ro.i~-d 1:Jlit, a-mti&l'e ~~t'd. 
2·"'lt=£L:..-tt., ::·!:.:le·~~ c1ar-k .:;::'C;i· ••••••••• " •••••••••••••• 

J.~~~ :.r-a-cci41 lWI?taO ~ ............................. . 

~, tiae~, sUty to cla;ve71 
~ .. ;1Ilk. ·:m ~ ill arl";.Zl81.o ............... ........ . 

~to ~:cia, rl&rk ~, to ~. S!D 
lolcr .lO i"eet ccmtas,. ::u:.ll !a11d. aac. 
-~-..... ., .............................................. . 

·~~~r -l"l'-c +""' --~~J" --.,.c..,)oo ..... _ .... 
~ l ......,.•-r:./ '-"-' _.......~I ~~ ............ ~· • • • • • • ~ • • • • • • • • • • • • • • 

.,....f'+-.r ·-ron:•.,.ll!!h -..r ... t• 
'.J ... ~ # ~.r· -.J 4...,... ..;,/ ... ~. 

.a~cr _: :·~.!.n~ . ............. ., .•• a • •• * ............... . - .. ·-----.... 

~ • a • • • • • • • • • • • • • • • • • • • • • • • • • • • .- • • ........... 

:l:l~·--; ~ ·~- ·.::-.. .::·~~Ul .... #I~ ................ " ...... " ................ 'I ... .. 

........... ·- .-.. 

~·~~-......... .. 

............ • ................ " .............. "' .. 

. . . . .. .. . . . . . . . . . . . . . . . . . 
. ....................... . 
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·.:~~;.:-entiated ~.mit, SD.nia ~ ~'d • 
. ~ a..--.1 sU't3'toae, iaterbeclded, u 

tlle fU!e :..~ um.ta, aa4 ~ 
:1 rev thin beds ot ~ clay.. ~ ..m 
is arkOaic. 2!, .:?!!! !:!:! ,.ter-li'!aSJJg, 
~ f'allavs: 

1,491 to 1,510 
1,5}5 to 1,546 
l,55J. to 1,56£ 
1,659 to 1,.09~ 
l, 7C6 to 1, ~· 

:eyth . 
(!'eet) 

!"rem To 

l,3lo to 1,331·-·················~··············· 1,491 1,997 t.D. 

218 


