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LPE 3

GEOLOGY AND WATER RESOURCES OF THE SANTA F

AREA, NEW MEXICO ECH
By Zawx. Srrors. and Brywsrrn Batowne ey

Anmc‘r . ,}
he Santa Fe aren, n 15minute quedmngle of 243 square miles tn NOFthe. :}.
centenl Nanta Fe County, N, Mex, wan tnvestignted to determine the genera) - §
geologic nnd hydmiogic conditionk.  Santa Fe, eapitnl and ascond Inexmt c,,,!*
jn New Mexico, In act the west base of the Sangre de Cristo Mountains, ip, |
the portheastern part of the area. ‘The population of the arer in nhout 30,000,
pe principal nATUFR] renoureen of the region nre rapgrinnds, timber, water,!
pase metnls, turguoise, ANG construction materiala, Intaagible resources el 1
elude the varled acencry, the salubrious climate, nud the numerous polnts o:’;. :a
archeotogicn! and historieal interest, 4. -__1
The map aree in divided (nto four principsl mubarenn: (A) the timbered' 7
toothllin In the eustern part, a¢ altitudes of 7.000 to 0,000 feet, underiain}- 0’
principally by Precambrian rocka that extend upward to nearhy alpine peaks| ‘14
more thap 12000 feet high: (b) mn extenalve mminrld gramsland pledmont’ &
slope At aititudes af 6,000 to 7,000 feet, developed on downfaulted blocks of 7%
nediments of the Santa Fe group, of Iate Cenosalc agn: (¢) the Cerrillox, al 'r
tanited Ixneoun complex intruded iInto Mmozolc—enrly Tartiary sediments! n
snd middle Tertiary voleanos, forming low hilia in the southwest corner; anal- &
(d} A Iava nienn op the west aide, underinin by Qunternary(?) baaalt flows,!
tn pact uplifted by normal favlta _ ’ t
The Precambrinn rocks consist of & mequence of sehint and gneiss fntrudadi. -+
muccranively Dy gray granite, amphidolite, and red granite. Prr-Carbonferousy. X
brecciated rones are ahundant. Limestone, mhale, and sandatone, meatly of'. ijj.
Pennsylennian age (Magdalens group) crop out In mwall arens In the foote)
hilla near Ranta Fe, HSedimentary rocks of Cratanmaus age am the oldest! |
rocks exposed In the southwestarn cortier, whers they represent the upper's
part of a aequence of upper Pnleozole to middle Tertinry rocka more than 2 f}'
miles thick. The overlyinic rocks are the Gnlisteo formatten, A conglomeratic 5 .}
to ality sandstone of Eacene nnd Qligncens(?) age. nbout 1,300 feel thick {n 4. 3
the mnp aren, and flaws and Intruslye centers af intnrmedints componition - i
and of Oligocene and Mlocenn(?) nge. A few scnttared exporuren of the ' -
imeous rockn oceur along the mountaln front mouth of Santa Me, %
The Santa Fe group cansists of alluvin] frns, river channe) deponlts, and .-
Interbedded voleanic rcka of middlet?) Miocenn to Pisintocenn(?) age, pre. ..
servad In a complex of dapremsed fault blocks within the Mo Grands depren- |
ron. The group containa the Teaugque formation (nrwly named), whieh is
~quivalent to the Santn Fe Formation of some reperts: the Ancha formatien
{newly named), which Includes severa] remnant graded murfacen focally

buried by gyavel deponits, hitherto designnted an “the Ortix rurince,” and
basalt flown,
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9 GEOLOGT AND WATER RESOUNCES, BANTA FL AREA, NTW MT0IC0

The Tesugne formatiof, best €xponed north of the Santa Fe River, conxinta
Ny of peveral thousand feet of mream-deponited pinkiahtap soft
principa aandstone and minar ailtxtone and conglomeratn. It In correlative
"“":.mmmﬂ 10 tbe north that bear the clamsic Santa Fe fauna of late
Alocons and eArly Pllocene aga  Interbedded near the bame of the Temgue
formation Aare the Bixhopr Lodpe member (newly named), conkiniing of
50510 feet of locally tuZaceoun volcanioderived sediments, and thin faws
of olivine basall. The Bishoiw Lodre member wan formed largely of debris
from the Oligocens and Miocene(?) volcanie recks but In part from the
products of CORIEMPOrANCOUN volennism; 1t in tentatively eorrelated north.
ward with the Abiquit tuff of Smith, The arkosic sedimentn of the Terugue
formation were derived from the Precambrianh rocka to the eaxt. Paulting
angd westward titlag of the Temque formation sccompanied the lant wtage
of uplifr, Subsequent eroslon removed the Tesuque formation from the mouth
ern part of the area,

"Thn Ancha formation, conniating of allt, mavd, And gravel, forma a blanket
100-300 fret thick over two-thirds of the area, The Ancha Termation a ine
forred to be of Iate Pliocens or early DMcintocede age. It restn on & wesnts
WwARd.lODINE CTORION RUTZACE that beveln bedn of the Tesugue formation. A
wcond westward-aloping fraded surface was buried by a layer of bamalt
lapiill tuff which blankets the Ancha.Tesuque coniact Inh the northwestern
part of the aroa. The tuff is overlain by uaternars(?) fowa af basalt,
which Intertongue with grave! of the Ancha formaton. The ancestra] Santa
Fo River wan diveried monthiward by tbe bamalt Sows 1o Clabegn at the Junc-
tion of banalt flown from the porthwest and south, Duriag the existence of
% J0cal bame jove] 0n 1he Damall, Lhe Ranta Fe River cut and partly refilled &
wide valley in the pledmont mlope. Lenmen of pumlice, which correlate with
the pumice of the early stapma of volcnahism !0 the VTalles Moudtains 35
milox to the went, are interbedded In the upper 50 fral of the Ancha forma.
tion In the centrn! add eaxtern parts of the Santa Fe area,

Downfanlting during wbe Pleimocene epoch mouthwest of the arma Dermits
ted active eronion And eventun! lowering of the 1oeal bane Jevel at Clenegn,
whercupod the Dresent sronlob of the Santa Fe nren begnn, The cbaonal of
the Santa Fe River, faaked by terraces, bow ia Dorth of apd' 60 feet below
ita former gravel-flied course, ’

A structural basin In the basement (Precambrian(?)) rocks Ix Zrom 7,000
to 14,000 fret deep and trends north-narthwert, necording to gwophyateal
studien.  The basin and the rocka preserved In It are Aivided INto two emxts
weext atructural blocks by the Senta Fe river fault, which trendn west-southe
wost througd Santa Feo South of the Ranta Fe River, aubparallel faulta
bouncing the eant side of the basin trend northunarthwent And have wartieal
displacement totaling 3,000-0.000 feet nlong a zone 115 milen wide. North of
the Santa Feo River, the faulta east of the hasin trend horth, The west gide
of the banin {a formed hy faultn trending north-northwent, PreSanta Fe
recka are expased west of the fault zone in the mouthwoest part of the area.
The wrdge of Temuque formatiop premerved In the hanin thickens northward,
The fauiting was pesteTerugue in part, bHut it may have occurred douring the
deponition of the Tesuque formintion, The Ancha formntion haa apparentiy
pot bean faulted algnificantly in the map ares, Although elncwhere equivas
- lent beda were faulted apprecindly.

fndian pueblor were Jocated at mprings And mArahy plness hefore the Spane
iah colonization In 150R, By the mid-1700' the mnin springe and perennial
sreama were used for Irrigation by Spabiah settlerx. Wells were uned 7or
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'n, best exponed north of the Santa Fe River, consinta
thotisand feet of stream-isponiiad pinkiahetan soft

minor aiitstone and conglomarate, It In correlative
north that besr the clamaic Santa Fe faune of Iate
‘ene age, Interbedded near the bnse of the Teruque
‘ops Lodge member (newly aamed), connisting of
uffacroun voleanie-derived sediments, nnd thin flowns
fUrhops Louge member wan formed lacgely of debein
! Mloernr(?) voleanle rockm but in part from the
woun volcnniam; It in (anintively correlated nosth.
uff of Smith. The arkonic sedithents of the Tevuque
from the Preeambrian rocks to the enst, Faulting
the Trsuque formation asecompanied the Inst atagn
slon removed the Tesugue formation from the noyth.

wonsisting of miit, aand, and genvel,
wothirda of the aren. The Ancha
wne or early leistocene age,
1ee that bevels beds of the
srnded surtace sepn buried
4;!\« AnehaTesuque contac
AT In overiain by Quaternar-
ivel of the Ancha formntion, ’ !th’n 2::1«::1 h':::::
.L::urd by the haralt down o Clrtiexn ny the Junes
‘e northwent and south, Durlng the existence of
:::n:; the .‘;:.nu Fo Rlver cut ang partly refllled a
4tumptf "aes of pumice, which carvelate with
Md volennlam in the Vallen Mountains 35
. o3 18 the upper 50 fre! of the Anehr forma-
B paria of the Santa Fe aren, )
Plaintocene epoen ROuthwent of the arep parmite
unl lawerlog of the loenl base level nt Clenegn
on of the Santa Pe neon begnn, The ehanne) of'
‘! by tereaces, now in norty 07 and 00 feet below

basement (Preen mhrin
‘ends harth-northweat,

formms n bianker
formation i in.
It resta on a west.
Tesuque formation, A
by a Iayer of basnit
U In the northwestern

(D) rocke In from 7,000

according to feaphysicn)
fockn prewerved in ¢ are divided into two rasts

» Sagta Pe plver Iauiz, which trenga west-nouthe
A 0B of the Santn Fe River, rudbparnlle] faults
;;)a;ln irend North-northwest nnd hnve eertten]

~ "m {nlomt D z0ne 14 miles wide, North of
; At of the basin teang DOrth, The west nign
‘aults teenging horth-northwent, DrmSanta Fe
:’ Rl zone In the Mouthwest part of the nren.
"o'n fresetyed i the bhnaln thickwens northward,
. n ourz.'bur It may have necuresd during the
rr::u:):; The Anehn {ormation ham npmmm:;

iy, * map aren, althoygh clnewhers mquiva.
nt wpringw and marshy plares hetorn the Kpan.

the mid.1700's the maln springs nnd p-rv:nnlnl
‘on by Spantsh settleen, Wells ware used for
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or ahd concurrent Croughta after World War IT neconsltnted develpy
¢ ‘ground water to supplement surface supplien. At the same thindy,
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~atic and stock mupplies after 1716 The Hanta Fe River dratns moat&
Taa and the MOUNLAIDK to the east. WHLF fFOm the upper canyoa)
o maln river Is stored for municipal uw by Santa Fe, Increased §981

{

und whnter for irrigntion was devolaped in the aren of the city well neidy;
nd water levels declined loeally as A rewult of heavy pumping during 1_0!0'5

4p50-51 dronght

~

» Yognrithm of the preciph:
linear relation waa formed In graphing the
u;?on againat altituden raDgIng from 5000 to 10000 feet in north-centeal

New Mrxico,

The nvernge ARRURL totnl water yield of the Santa ¥Fe ard.

sangoen froto about 0.5 inch (4 percent of the Drecipitation) on the pledmont

ulope to 8.9 inchen (29

percent of the precipitation) in the upper cnnyon of

the Santa Fe River. The annual water yleld averages about 10,000 nemhd
in the piedmont aren and About 12000 acrefeet In the mountalos. . N
. Water yield from the mountald Aren conalste of rnowmelt, storm ™

agd ground water from gincinl sediments, atluvium, and fractured l'r;;:‘ng
prian rocks, Strenmflow and precipitation pecliarge the aguifers of the Santg

Fe Kroup.

|n dlscharged naturmily 1o tributarien of Gallsteo Creek, tributaries offm_q
aaota Fe River in the vicalty ot Cletegn, tie Rio Tesuque, and the iRlo

orantie,

|
i o
The preSanta Fa rocks may be connldered the “bedrock floor® of ;the

Water in these extensive aquifers moven generally wentward .anl

)
b4

benring formations In the aren. Nmall supplien of £TOURG WAtRTIATS
::::.l;:n fro; the Precnmbrian rocks In the larger valleys and at depths of
jeax than 100 feet. Fowever, dry holem or welln affording Insuficient yillq
for domestle RUDDIy nre commen even In these arean.  Diacontinuous Mmes
atone heds of the Magdalear group in the larger arens of outcrop looally

yield Gmall water nupplies,

Cretacroun rocks in the vicinity of the Carrillm

are geoernlly fine grained, have low permeahllity, And generally cotitaln

water high In sulfate,

¢ the nrea,
byt may yield small supplies in the motithern part o
nnd intrusive Tartinry rocks genernlly yield very ninall supplien.

salisteo formation niso han A low permeability
The Gal bgrd

’
a i

The Tesuque formation s geaeraily tavorable an a nource of domﬂtijc,cr
Ineger supplies of water, excepl locnlly near the base of the formntion’ and

near the mountninm.

Moderate to large yields are obtalned from the Testque

formation withtn the corporate limits of Santa ¥o, and aimilnr yields age
probably nvailablie southwest, west, and northwent of Santa Fe, nnd loﬂlb

in Tesuque.

i T

In the southerh pArt of the area the Anchn tormation Ia geperally under

Intn by preSantn Fe

rocks nt deptha of about 200 fret] D the temainder

of lta extent the Ancha formntion oterilen the Tesuque formntion. E:sc’t
1n n few places the Ancha (s nnt antuented, i

menta along the Nanta
m:fi"\::tc;; mﬂ;‘wmnr frorp the river wis diverted for public ume, .
mperineable rocks in mountain valleys ad |
itiem of ground water of good qunlity, ‘Wast
rynoft rendily and ram

which In underialn by nenrly |
nene Clenegn, yields amnll quant
of the mountains, allurium In the arroyos Ahsarba
mitn the water downwnred to underlying nguifern,

Slope wash and eoligs

aediments probably nre not saturnted anywhere In the nrea, but they &6

recharge by nbsorbing orecipitntion e
Ground water south of the Hanta ¥» R
Gallinn Afroyo dischnrges In the Clenegn sren and Is rep
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" 4 . GEOLOGY AND WATER RESOTRCES, SANTA FE AREA, NTW MIXIC0

bane fiow of the Ranta Fe River below Clonegn. The aznual natura) dis
charge of the Clenern ares ! about 4,700 acremfeet, 2000 of which I8 Dow
used consumptively above the tempOTATY Raging point. The Average unit
water rield for the 131 aquare miles tributary to the Cleners diacharge arva
In about O inch, Of thix, & mountain drainape arva of T8 AJUATe milen
contrihutex about LGMO nere-feet.  The piedmont slope contributes the remaln.
g 3100 ncrefeet, mamly as ground water, ocorresponding 1o an average
anaual grounc.-water gincharge of 0.5 inch,

The medlan dincharge of 1he Ranta Fe River nesr Ronta Pw for the hrvar
poriod of record- through 151 I about 5,800 were-feet, The avernpe anpual
mupply eapturadle by starage and use from abave Santa Fe, under 1051 con-
ditionn, ix about 4,800 nerefret,  Ar the rUBOl ID sotne wel years {n mare
that the mun of CUTTPNT Use ANG FXINUDNE WUTTACE MOFRRR, there abould be
orcanionn! periods of mplll. The weater wuppl) from the Santa Fe rienr mumt
be aupplemented by ground water in many dry Years, and 17 e demand
Incrensen na much nx 15 poreent, suphlamentnl supplion of frouné water will
be required in mont yeats, Waierleve) and pumpage data for the eity well
fleld mugpent interfarence among welln, amplifind by boundarien Ircemxive
Ceclinen af water lees] In the eanternmont wolls are due 0 boundary offectn
and to acerpumping of individus) welln, Therefore, the gurnlua mrfnce Sow
In wot yenrn might advantageounrlt be uvmsed 10 repleniad the ground.water
ruDplios withdrawn in Ory Yeara. The eapacity of exirting wells in ang noar
Santa Fe nlready oxeesds the annual aversge pecharpe and ground.veater
fnfiow, but the actunl average withdrawal may be len than the avarape
aphun) Inflow and recharee for mane Feare to come,

The water {n al]l aguifers {n the Santa Fe area In of good to frIF chemiea)
QUAlILY for most usen. The hardnens penerally runges from 8 to 220 PP
© (parte per million): the hardnesk of the ground water used Tor auxtlinry
municipal mupply at Santn Fe averages 150 ppm. The hardness of wurface
water In the Sangre de Crixto Mountalnk varies with the discharge but Ia
kenerally Jesn than 30 ppm,

Gravimetrie, magnetic, cloctrienl-rerintivity, and refraction selnic methoda
Wern used 1o confirm mhwurface featuten inferred from the geologie and hy
drologic data,  Although the hydrologic mtudy war found to furniab the best
dntn, mevernl featufes were delibeated mare Dreciselr by appiving one or
more of the atandard peophyrion] methodn. The Precamhrian recks have an
rvernge bulk denalty of 27 grAme per Cublc eentimeter, renixtivity of ahout
1.000 ohmefeet, and selamic veincition hatwren 13,700 And 16,000 Yect Dot mees
ond, The rocka of Menozole age have an average butk density of 255 prama
PeT cuble oentimeter and resistivitien of 50 to 1.000 ohm-faet, The Jower and
middle Tertlary rocks have hulk densilien eanging from 218 to 308 (aver
age 2.04), resintivition snoging from 400 th 31,000 ohnnfeel, and weirmie velod
tien of K000-1T000 feet per mecond, The Tesuque formation ham an ewtis
mated averape bulk density of 21 grame per cuhic centimeter, Terixtivition of
30-000 ahmefret dry and I0-500 ohm.faet wot, And meinmic voloeitinn of 7,000«
K300 feet per ascand. The Ancha formntlen and aluvium have avernped
bulk densitien of 17 gramn per cuhlie centimater, resintivitien of 3002000
ahmsfeet dry wnd ARSON ohmelnet wet, and melsmic velocitian of 003,600
faet Dot mecond dry and about G000 fent per srcand wel.  Volume runceptls
hillties and mognetizntion are sseentlally were for alluvium, the Ancha and
Tesugue formationa, and the rockr of Mesozsic Rp, hut they vary conrider
ably for the Tortiary voleanic and Intrusive rocke,
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