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AN INVENTORY AND CLASSIFICATION OF SURFACE WATER RESOURCES 
IN C R..:\..~D CANYON NATIONAL P,\IZK , AR IZONA 1 

B.T. 
') 

B rO\m i... , K.A. But terfield J, R. R • . 1 hn s o r/, and 

Data were ga thered on the locatioll, history, permanence, 
and quality of surface water resourc " within a 1,881 square 
mile area in northern Arizona. The availability of surface 
water was found to be primarily related to geologic struc­
ture, aquifer mechanics" and annual precipitation. The HUHV 

Limestone is the rna.jor geologic formation in which perennial 
sVi: ings arise, whi.le locally other formations may y1eld 
su~ller quantities of water. Ephemeral and intermittent 
water sources predominate in the region, with the few peren-· 
nial streams (excepting the Colorado River) being related to 
large perennial spring systems on both the north and south 
sides of the Colorado River. A classification system for 
surface waters in the southwestern United States is presented. 

INTRODUCTION 

T ~l ' ~ · ':1(.· onaLi ry and limited [;lvailability of water in a prl tMi · ,.' 
r : ~ : O!\ t-;uch as Grand Canyon National Park di.ctate the fact that ,-rater 
L ; ,Ci p rec iaus c OITImc d i ty, much in dem.and by Tn.:ln and the biota. A 

,.', .. -aj f irst ste p i n the roanagement of arid lands natural areas .... ;cou ld 
b ' .a ron;pI"ehensiv e' 1 nventory of the surface lHater resources. GenC?t'al­
i . .... J ·· .... lt t'l re source J. nventor:i.es cov€!ri ng large geographies 1. areas 

Xi :iL «(. .)1 i~·C' ll 1()6 B . t\rcnal 1969, Quc c' shl 1975, Qureshi ~.978), 

Ct , l\l : lllgh dc-ta i i ~ i~1v(>llt o r'ie:;; of arid lands natlJr a l areas ar e I tng .. ly 
1::.1v,d ] aLle . 1 • ~),)p t'r pr >s ents info rmat1on on the methodology ;Jrld 

((·sutts uf an in ven tory o f su rface wat : l'r"S Otlr L ::: ~;; In the Grand CRLyo n 
rcgioIl of nor thern ArizoDn, with a class i1 ication system for surfnc e 
t,' :lL t? r:::, 1p pltc a I e to the s Ollt.hwestern Uni ted States. 

'"i' - - - - - '-------'--.•... - .• ,---.---,,------~-.. ----

.l Ftlnd l! J by the Nati.onal Park Service to meet provisions of Section 208 
of the Federal \~a ter Pollutton Control Act Amen dments of 1972 (Public 
Law 92-·500). 

~! : . o. perattve Nation":11 Park Sqrvice ReSOllr Cf.'S Studies Unit t Universi ty 
of Arizona, Tucson, AZ. 857 : 1 

)!i' vision of Resource Hanagement, Grand Canyon Nattonal Park, Grclnd 
Canyon J l·.Z. Sh023 



.. 

Previous water resour c e s rcse;u'ch in the Grand Canyon region, wht I.e 
provid i:1[; .1 wC3. 1th ()f informati.on on vario w; topics pertaining to the' 
availability and location of local water sources, has not produced all 

oq;~nized systf:~m of infonnat:i.on on regIonal hydrology. No scienti.fic. 
i n f() rm .. ')tion on Grand Canyon was available until publication of "Report 
l.l pOr the Colorado River of the West" (Ives ]861) t which contained some 
mention 'if local water sources and availability. Powell explored the 
length [the Grand Canyon in 1869 and noted the presence of water 
sout'c:es in his journal, "Exploration of the Colorado River of the 
West ll (Powell 1875). The "Tertiary His tory of the Grand Canyon Di.strict" 
(Dutton 1882) was In t e r published by the U.S. Geological Survey (USGS), 
outlining reg ional spring locations and other exact water resource 
info ,::-klt ion. The USGS gathered the majori ty of water resource inform<Jl-
liun urt~r j including a synopsis of tributary flow into the 
;· ;rd(l( Ido RivCl. uy LaRue (1925) and Johnson and Sanderson (1968) 1\: 

lfl '- lr.<1j rH~ ty of tll\! r g. .i.o n is extremely arid, much work hEW 

CD d (, fi at' the gec1l ol,ic occurrence of ground water surpl ies I ]!: 

lCh.:ace pot,-;} :fally productive drilLing sites (}1etzger 19' ,l" 

,; .'~'). HI ' : 'n t \.(';,> ~t reb . n to r l..~ gional hydrology includes karst hydrology 
: : ;1' 'e: l'I()R ~ 1.(1 4) , hyJr o~~me chanics of local ground-water s y ~tcrn~3 

,: l l "I.~ n 19 70). and "The Re I a t. t o nship Be l.we en Tee tCHll.c St rue. t u re a ne 
. i ;· . ;- k.::hanic:; in the West e r n Grand Can yon District, Ar i zona" 

l h.Il~O(jll 1q 77). A ' "'L ies of USGS maps sl, wing local ground--water 
:und.ition:':;b~.: (J i,. par t Ially published (Farrar 1979). 

STUDY AREJ\ 

'11.. ,,' , I,: ;1 (:1 encoOlil .. 'ss cS 1 ,881 squan: milc's within Coconino and 
.... ..... ' l.' V.· :ll[i~' 'i bet\h'C!n lati tude 36° () , anJ 1f,028' and betwe e n longi-
t tl l" : i L .· CI:,:) , <.1iI d .11 2 ,? 4 :5 '. Th e G r i1 n d Can yon reg ion is a n are a 0 f 
ti~:!ll ~:;cmiarid plateaus diss.('ctE~d by dC l' fJ ly entr'enched drainages 

j rfl;cd "by the Colorada Rive r and its tr ibutaries. Elevations in the 
rt.·gion rf.:lnge from I e . s than 300m to 2850m , creating a mosaie of pri-· 
:r..i.lrlly non-forested habitats. The enti r e region is characterized by a 
r eJ3ti; scarcity of open or flowing wa te r sources and minimal 
;: :.(. t; , pi t at ion (25-76 cm/y r) which may vary greatly from year to year. 

HETHODOLOC: Y 

D ... 1 ttl 't.r r 'l g:.1 thered on the lOCH ti..on, h 1s t'o ry, permanence, and qua 1 . t.y 0 f 
surfac' ~·.lte rs tn the study area. Inform:lt iOll was stored on i nven tory 
ficdd cards dev(·loped s pe c i.fically for that purpose. Site numhers 
\.'c'r(' plotted 01\ correspondtng rnaps, and locati.ons noted in mercator 

r i.d coo rei i na t es on field cards to aid in cornpu ter-loea t ion and frulpp i n g. 
~.: 1;-"- and fi'l l d ~.jrJ s Llre on permr.u .ent fIle with the Division o f Resource 
~1.a .. ;)gi.!mC'n~ , (; rand Canyon Na tional Park. 

A pr:() j '_' Cl i,II Io~ ity ' ... ·3S to compile a list of' k n own perennicll water 
'::' 1.. 'l,. rCj , ~ • .. .tllhin r-h ::~ t\lJy 3rea .. Sourc. cs ,.,rere c.lassiftf.:':d as perenn:l.::ll 
"rl till" ) ;L;j~; of d ( ·t~til('(l rr cords l.ndicat.Lnr. the source had not gone 
Jr~ ....... 1.rhin llis:.<.)ri _ li~i(~~'; , or th e pr('~ ('nce of pl.ants :indicat ir! g 
'·· rl': .. I~:,"ll " (" '01' I ' \.; -:- r,'r;. }1a.:idenh;lir fern Ci~ -::. (P:~-U"'l t..:l!r-tZlu.G-uen ?, ' : g) 
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was Ll ~ ;(' d as an indicator of perennial surface 'Ymters 1.n areas below 
the r 1m (rlPP roxima te ly 21S0m) 0 f Grand en nyon. Three 0 ther hyd rophy t ic 
cjpec iL:~ exist ·""jthin the area \vhose presence requires moist mud or 
rtch, moist soil, but whose relationship to perennial surface waters 
wn~; not understood completely enough or early enough in the inventory 
t G h \..~ useful. Columhine (/1qui:Zeg-£a cln"u r: ([ ~1th(l), cri.mson monkeyflower 
U·!"~ .'~d!w (! a )):lin lll:D), and helleborine orchid (Ep-irr.(! ti:a fdgtV1l;eo,) all 
re('}u .tre cois t mud or mf~sic habitats (Kearney and Peebles 1951). lrlc 

. ! )'J v (~-m(>ntio ned s pecies all have shallow root systems which would 
ll ' : ,' ar to b : an adaptation to wetter condition s . No published 

.·I' dr-e ll W<lS found to justify the use of any of the four ab o vG pl 2. l ~ t .,: 

;l:, .1.ndi.c .. tor:, of per.ennial surface wat r . Prominent phreato pllyte 
C~t : ; lI~c l uding co tt onwood ( f'o pu.l.u.s fPc 'l l0 1!t; .i.£) J willow ( Sa!. 'l:;;'; 

::;'lj; , l , m(.' qq u ite ( .Pt·\:) .. op':~s ,iutiflopa), .and t he introduced salt c '" 1 ~H 

" \ ;} ' 1.':;": ('irt r1 t~'i'~:J7:c) h <lvc~ not been found t o i ndicate perennial surface 
\,.',l c ,_ r .. 

:-lo IP ii fo rnlate c lD.s s if:Lcation scheme for the ~;OUtl1\] t! S t at the level (If 

d"tail need ed was available. Inventory si.tes were classified accCtt-dil: f, 
!. O the sys t e m devi!=\\:'d spec ifieally for the project (Table 1). Thi.s 
.: y ' ; ' com addrQs~>e s biological concerns, endangered and threatened species, 
,1' ) L L . cal conc~rns) limnolog1.c:al . concerns, and public health . and . 
,.1 \ ' , tiS . The classi fication is a hierarchical system (from . g~neral tq 
; ! It c :!. f:ic) designed to emphasiz:e the public health aspects 0fsurJ8ice ! 
~a[ : r for the park visitor, especially the backcountryu~er.To .' 
... !(! r i ve the classification and the code, numbers from ,e.a.ch hferarchic41 
1 . '~ l nre cmnbined in sequence to yield an Il-digitnumber. ". · Thi~ ; 
1l\1 ~e r icalcl.assi ficatiot1 has the advantage of pennitt.:~ng ; the me~~i,ngful 
t,roup :ing of surface wa ters and. a secondary advantageof .permitti9g 
easy computer storage and mapping of data gather.ed. A zero can .. be: 
inse r ted at <'lny level where. ?ppropriatt~ information ts lacking • . The 
terms acre .... ftOot (aefft), cubic. feet per second (cfs1, and gallons :per 
minute (gpm) Hrc used throughout. 

Wh e re: 

A Digitized Hierarchy for The 
Classif "cation of Surface Water Resources 

10 ) 000 permatl(~nce 

11 , 000 continuity in space 
11,100 origin 

11,110 vo lume and TH ttH'e of s Oli n . 

11,111 ne.are s t p 'ren nial sourc (' 
11~ 111.1 1 ' gaI l y t hreatened 3!ld endangered biota 

11,111.11 p r l:na ry value o!" 1I:, e 
11,111. i. 1 t.; (' conda ry valu (~ o r US(~ 

11,111.1111 water Quality (w.q.) 
11,111.11111 source of W.Q. prob lem 

11,111.111111 nature of w.q. problem 



De.f Ini t ions 

~i<;t e:..:IE~. is a larg(~ receptacle for storing water; especi.ally, a tank, 
usually underground, in which rain water is collected for use. 
For this classification, the term cistern includes its intake 
(catchment) area. 

C~!.!...t inuous stre,am 'is one that does not }Javcinterruptions in space. 
It does not have wet and dry stretches (Meinzer 1923). 

Deve~ope~ __ ~l)ring is a spring that has be e n dug, piped, pumped, and/or 
complet:ely contained in order to obtain max i.mum discharge for 
human u!::.e of somp sort. The term f'developed" does not includ e 
those sprin r,s of which a portion has be en diverted (wi th pip (> :, '. 
ditches , o r other method); ,1 developed spring is one in wh1ch t.he 
entir 0 dis charge i s being utilized. 

E~J_~~lZ.£.red SlH''Ic ie s means any l>pecies whichi ~) in cin Ilge r of ('xt i n c ti.on 
throughout aLl o r a s::Lgnficant portion of its range (U.S. FLsh and 
Wildlife Servi ~c 1978). 

J:l'i"-~:!!~~~_-?l. '.; tream is l)l1C t hn t flows only in din.'c t l 'esponsc to precl'-' 
p i lotion. It r c c e lvl'c; no water from s pl'ir f',s and no long-cont i ntl e d 
SUi)pl)" from melting sno\<.1 or other surf a ce source. Its stream 
channel :is at: all times :above the water table. The term may br-' 
arbitrarily rQstricted to streams or stretches of streams thnt do 
not flow during periods of as much as one month (Meinzer 1923). '* 

Intermittent stream flows only at certain times when it receives water 
from springs or runoff. If it is spring fed, the intermittent 
Ch2 '3cter of the stream is generally due to fluctuations of the 
wat e r table whereby the stream channels stand a part of the time 
below and a part of the time above the water tables. If fed by 
runoff, the surface source is generally the gradual or long-continued 
melting of snow in a mounta"inous or other cold tributary area. 
The tenn may be arb! trarily restricted to s trea.ms or stretches 0 f 
streams that flow continuously during periods of at least one 
mon th ( f>" -: ~ ,~r 1923). * ' 

_!.n.!=_~~_I..upted, : I ,11n 'is one which 1.s interrupted :1.n space, contaip"' -o~ 

(a) perennial stretches with intervening intennittent or 
str r" tches or (b) intermittent stretches with interven:fn(~ , 

stretches (Meinzer 1923). 
!~('2:lo1~!~ ~ st t'i,', ,-; Ls one whIch has not gone dry \Jlthin histor1c tJmes. 

i' 'icn ni.::l ~; t rc' ams are generally fed 'in pn rt: by sprIngs, and thp i r 
1 ! ~ Ip ) r s u r~[l("~~::-: generally stand lower than the wat e r table in tllt" 

l.:)c aLi.Lies through which th(;y flc';..T (Ncinzer 1(23). -1< 

l ' l rl \,<1 ; ~ lkt~ i s a :31Ia llm.J" wi nd- :.;; e ollt"cd ha!-;in that may cover a lar g 3 

- ' --- "' ''- ~ ~r~~ They ,'In.' ch~ract e r[stlc of des erts. At irregul-:l'c i :1t :" r " ti s , 
c, ,.' r t h~l-, l ~ l 'c ome the ! :;(~ at ' , of broad, sl1311o\o, s heets of wa ter 
.. 11 Illll k JU r hcr [md almos t as quickl y evaporate, leavIng mad 
! ; t~: n mar l., i: ;)c i r Sit 'l 5 . 11H~ Y aI" ('sse tltl]ly ephemeral 
: 1 ,..'. ' I n'''~l t "r lak l's (Rc-c.ves J 970) • 

:-:: ~_ i : . . ~ ) ; I h· \ 1 e t.,to r n in to th e sol i d r 0 (,,, , . v W' i 1'1 d, sol u t ion, 0 rb y 
, ),.r3,'(· 1, and THat er at: falls tl n d !",r f.:' ong rapids. Includes 

il i:' t L' n~ II id 1...ln ge pOD 1 . II 



2 ~ 9 '~ _~ _ ~ ! I !: ~, i s ~H\ art:L fi e i a 1 r, : ;{~ rv 0 i r fIr ! i v t ' ~: t: 0 c k wa t e r; i t 1 s a 

101' ;l1 t(~rm in the South'Jest. 
~·_ l_~~.::1 ~ l' _~:~l~is water art i ficially impounded in service or underground 

r e s ervoirs for future use (Langbein and Iseri 1960). 
lJ~rea,~ e n(; d ~U?~':S i(! s means any species which 'is likely to hecome an 

endanger ed species within the foreseeable future throughout all 
L r 3 R: ri ~ a n t portion of its range (U.S. Fish and Wildlife 
S2. r'.;i c( i8 ; . 

1,.Jcl l is .::m arttfic'a l excavation that dC'Lives some fluid froE: 
i: " stL ' es of the rocks or soil which :it penetrates . 
. q·pi i ed ') excavations from which \·la te r can be drawn : ' 
Sip [ IOI~ :; ) 1,' ( to artesian 'wells. A wat e l' well necessarLl)' c::xc ends 
int i) " iI' ZO P. l' of s~ltur,Jt ion (:-1c'ln:,:(: ::- L9 73). 

r ' O t)- / .: . (!k('~ , pothole, and stocktanlc m. ·' II<' cl.:lss iff ·d as p e rennial, 
\I t .::r .l .. ~ t: tcnt and ·ph emeral. 

RESULTS 

A ::C)L .. 1 of :>3] ::;ur fac:e ,,,rate.r sources ' ... mf; ~tlcn tifi ed within the s tudy' 
dr" ':L Pe ren n ia l sources comprised 57 (ll~n o f these, with int e rmit.tent 
.. Id 'j: il.cnd ,-;o urc cs m.aking up the remainder (89%). Total surfac e? 

.,. Ir e ' lrce ~1 included the following: 19/ .. springs (:i..ncluding seeps), 
1 /~ J s t .~· (;lms ~ 8S lakes, 8/+ s toe ktanks t 1.5 po tho les, nine we lIs, four 
stor ag e tanks or groups of storage tanks, two developed springs, and 
n-a '\ ci s tern. Th e majority of data gathered, includi.ng geologi.c fonna··-
rion ) flow rat es , substrate, and site vege tation will be analyzed by 
ron·l ut e r at a Inter date. 

The ')} idt; n tifi e d perc'nnicJl SDurces -in T3h 1 c omprise 21 perenn t.:.ll 
str(!.Ht:~ r s tn: tches of :;t I ' ams and 36 p('rt'nnial springs or seeps 
wh I e h ma y or m:l y no t feed :iI1 t 0 perennia 1 streams., 'Of the 36 known 
i,,'re nnial s pring ,' or sv eps, 1 '7 arise from thE: Huav Limestone; fou r 
fr,)r.1 the Br ight ,\ng 1 Si'l.:ll,.: ; three from the Tapcats Sandstone; tt.70 
e lell f rn:n the Hcdwal1 Limes tone', Coconino Sandstone, and Supai Fo rm 'l ­
t 1 'n; ()n~ p;l(.:h f ro m the F.~;p lanade Sands tone and Toroweap Formatlon; 
alld tlH.: s ources of [OUl: are unknown~ Identified perennial sourc es 
o 'cur at an average density of one 'in every 33 square miles. 

DISCUSSION 

1~e t o tal number of identified surface wat e r sources in the study area 
onl y approx i mates the t o al number of exi sti ng sources of all t y pes . 
Source t ypes ~lich are docume nted in the literature. such as wells, 
are easily i nve ntoried. 1~e nine wells located within the stud y nr ~ n 
r(' ;·\'l· ~ . (\nl v : rtll. lly l () O ~~ of a ll ex isting weI ]" . Other sourc e t y p p :-; 
t..: ~: ~"h ,lr( T1tH ~· ..... ll-Jo cumentt=d and are JnVi'nt,)r i <..l pr.imarily th rolli'.h 
f ~ "ld ~~·ork. _'> !,'h as potholes f e'X~ist in T1I l1nh ' c ' far greater than the ~ 
j .,. ' , ' Itel~ i,v 11' .. 1 invf:' ntory.· 



TABLE 1. C .11 , ~ ification System for Surface Water Resources, 
r i Canyon National Park 

lO~)O ?ereLnial Water Source 
20t) :hJ L1tL' ~j1 .. :tent Water Source 
3 .' i l.j e') F plH~ l e.r i! l Water Source 
. ,' '/ ) (j In:l" tivc \.,'atpr ' Sourcc (dry for t he la s t 5 consecutive yC' ars) 

; "i)i' Continuous Wa t er Supply / Sing I.e Source 
'-; -,:,,) .... ' ont i.nuout~ ~.Ja ter Supply /Hul tip:l (' ~~ oll rce 

:i: '0 :) In terru p ted Wa ter Supply / S i nglt~ ~: IHlr ce 

.. ; . .1 1} Tnt:.-~ :-r;: pted Wat e r Supply/Multip h' ~io u rcc 
' ; , in C) :")1. :\1 . 'ab le .. (1 . e. 3tanding i rJ i.l tt'r s.ourcc ) 

j ()O 

10 
20 

70 
80 

.... .:1t er So u rc e 
}-"l cw i ng Water (more than 50 c f~:; ) 

Fl .... ·ing Water ( 10 to 50 cis) 
FJ o'..J i ng Water (1 to 10 cfs) 
Flowlng Water (.1 to 1 cfs) 
Flowing Water (.01 to .1 cfs) 
Flowing Water (less than .01 efs 
Pond/L ke (greater than or equal 
Pothole (less than .1 ac/ft) 

. 
'. ~~ 

8 mi. to 
to NC'14:t 

7 mi. to Next 
6 mi. to N(~xt 
S mi. to Next 
L+ rot. to Next 

Th reatene d Anim.:'ll Specie:; 

or 4.488 gpm) 
to .1 ac/ft) 

!) l)e :3 not ,'lIpport Endangered or Thre atened Sp e c i('l s 
. ; l Ce rcmonial/ReligiouR 
. 0 2 Domes tic Use, Deve loped or Undeveloped 
. 0 3 Re creational Use, Swirr~in g , Bathing and Drinking 
. \ 4 Agr i . cultl~r~ and LiVt~stc)c.l Use 
. 0) Fi shing 
.06 Aesthet i cs 
. 0 7 Out. tanding Scienti f ic Value 
.O S S urport~; Rlparian Ve g+:'taLio n 
. oq S ~~ J:i mcnt T:ransport 



. 001 Ceremonial/Religious 

.002 Domestic Use, Develo ped or Undeveloped 

.00] Recreati.onal Use, Swimming :lnd Bathing 

. OCJ 4 Agriculture ,gnd Livc ~to ck ll~" 

• 00:') Fishing ' 
. 00 6 Acs the tics 
. 00 7 Outstandi.ng Scientif:ic Value' 
. OO S Su )po r ts Ri.parian Vegetation 
. 00 9 Only One Main Use 

.OIIO} Water Qual1.ty Problem (public-·health level) 

. 000 2 \{ater Quality· Problem (llon-public health level) 

.0003 No !watcr Quality Problem 
.00001 Problem Source Outside Park 
. :'()00 2 Problem Source \,JJt:hin Park 
. (V'(, O] P ;·oh10m ~; o urce \,Jithin and Out ::;icle Park 

. O:,· ) V)J Bj o1ogi.cal Problc'Fl 
, C(I(.' i0 2 Ch emical Prohl •. !!! 
. 1)1 ~, ')0 3 13tological and ChemLca1. Pr ob lem 
. C·'J(' 0 4 Sedi mentation l)rohlem 
. G{) (}",) () 5 TIlcrm.31 Problem 
. 000000 O tlh>~ Problem 

:}! :,0 ] t) i":(' :lt ~ r i L·{l l)C'rClln ia:l. springs ()[ ~;f'(' r)S witllin tlll~ study ;J ·~r'~(l J 

:· ,: t i ;' whi d' ~ rL :;(' [rom the Huav Limes tone indi.cate tts importanc,~ as 
, ; : '.·l· 1l ~ a q tJ ~I.'r . TIll' majority of spring.' and seeps (perennial and 
n'\ jl "i1 1 'r-'n~\i:t1) :LnvE~ntorJed by Huntoon (1977) i.n the We stern Grand 
i. ,ci.:~/ r )1\ Dl: ~ t r-i. ct t 35 of 87 total sprin g.- and seeps, was positioned 

t , . 1 i.\~r("Jpid cally in some member of the HU;lV Li.mest'one. The Muav is' 
to i , ~~ l:r' [ra~' tured and channe lized j l.s underlain by the impervious 
D r i~',il t An g < ~)h ol l(', and has b e n referred to trlc:lny times as a good 
., :: ! i f r ( Hctz C'r l ')Al, Twenter 1962). The }1uav Li.mestone c ould b~ till! 
;-h.lljrc ,:!. of m;lI y s m; 11- r pcrennlal sprin gs and seeps in the study 'area 
which wer e I~O~. l dentifled by the present J nventory. 

Two locations within the study area are n()ticeably lacking i..n per e nnial 
wa ter 5 0urc~~ . The Coconino and Kaibab Plateaus are ~haracterized by 
ephemera.l a d .intermittent water sources, and are bot.h lar.gely underlain 
with highly permeabl-" Ka:Lbab L.imestone. Twent er (19 62) noted that no 
large s prings issu~ fr e· m the Kaibab Limestone, Jndicating that ground 
wate r p robably dra Llls from the form.ation into the underlying ro c ks. 
1hi ~:1. i n addition to the f.:le t that tlH! Kaihab Limestone occupies. 1; (· 11 

a la rg· ou tcrop ~\::~, o n t he n~latJv(' ly leve l Ka tbab and Coconino 
Plateaus" s h(,)u lcl ,"\ , 1.::HH~t. [() r the l ;)ck o f p 'reI n ial water in tho s e 
loca tions. 



TabJe 2. Kn ,")'rlll \, erC>l1nit1 1
1 water sources witbin Grand Canyon Natici; 
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), r ~ 1 ~ rl t~ 
i r I)) ~ j i I ~ ~ 

1 r: I"": 1 I.: r , ·10 !U vc r 

lip .. H : " ' i ' I"),':~ r Crl~c' t.. 
. ; t'~ - }() ..: r .Y S t ::11 <: 1.' l ' C k 
!.,\-4 } 

:-: i:- ~' 6 

:\ l' - I "l 

"F- ::. 2 
, ,\ - F, 1j 

,:; r y :-. L.J 1 !; p r Ln g 

i ( " C.r c 0K 
DL' cr Si) ri 19 
Pr rUlmed Spr.ing 

Garden Creek 
! ~ ,.', - 20 Cl St and ' .. 1', t Sprin [;s 

Location 

N E ,) f Er e rn j t a. >~ " : . l 

JU v t.' r Hi 1 e 87. 6 (r i g h t ) 

R 1. v L' r ~'1 i 1 C /i 1 ( )" t g \l t: ) 

Pipe Cl ' C'~ 

C:'ipe Royal 
USGS Gaging Station 
River Mile 110.2 (left) 
lZi. ve r Pi i 1 e 9 8 . 2 (r; e h t ) 

River Mile 1~6.2 (right) 

Mi.le 89 (left) 

',. 1 - 9 ,~; r : III J vic~.J S ;) ~ i n g 1i.:1 ne e Can yon 
\" i'-R r i' (~ p r ing Hance Canyon 
I: P-.: ." d 'I , s u C:rc.:~k River MJle 156.7 (left) 

Havasu Spri n ~ 

' \nname d Spring 
'il ln~lIr e d Sprin g H 

t' {\ - 7 .', ' ;" r r lir c re e:i.. 
';.\-j,) Drippi ng :lvri; l ~J s 

B,\- l :) S ~ l n t a:n:1 r 1.1 ~p l- i ng 
: .' - (1. \ La n a role d ~: r r in g 
: .. -\ - ' f) 4 'C nnanreJ Spring 
i iP -· F Iillndrcd and Twenty 

~-i ' II.! C l' I ~ e k 
; ', ,', : )<l. ,, · r' !· :ld ;~i. ft y 

" \ , :. - ;. ~; . ,l h (: 1' 'L' k 
, L ~ t 1. p . ') 1 ( I r ,1 do n .. i v .... r 

'\-0 . C' ; . · · ~ r,l~ g 

River Mile 94.9 (right) 

RI:1cktail Can yon 

R l v : r '- M t 1 eLL. 9 • 7 ( r i. g h t 
l'ive r Nile 1t~ :L5 ( 1'igh t 
Rlvvr Nile 61.4 (l v r t) 
Ri ' f Hile 52.5 (r i ghc ) 

51 c l ,-' ,·k P.t V(! l" ~H le 1!.f l) .5 ( 1·., ( t: ) 

': ~ ::it stel e of F.ri ?,ht Ailg ' 1 
C:anyon 

NlliiV LlmestollC' 

:-tli a ': l. L me s L (1 n C' 

t'1uav L ilJ1(, S 1. on,,' 

NU<l'l Lime~; ton(~ 

Huav Li meSl. oIH:' 

Bright Angel. SIl.l1,:'. 

To rowcap FormntloLl 

Tapeats Sand · tone 

Nuav Limestone 
? 

Huav Lime s tone 
Huav Limestone 
Huav Limestone 

8upa i Gl·OI.lP 
Redwall Limestone 
Supai Croup 

Coconino Sands tone 
Esplanade Sand st une 
Tapeats Sand t one 
Coconino Sands tone 

Huav Li.me s tone 

Muav Lime !lton t~ 



Tab 1 e 2. ( con t j n tJ(~ d ) 

---.-.---,-.~.-----.-.~-------.,-.---.--.---.,---------... _---_._ .... __ .. _----_ ... _---_._- -----------,------------_ •. _ .. _-._._----

Site No. Name 

BA-60 
HP-68 
rUJ -·67 
PP-47 
PP--J5 
PP--l 
PP-ll 

Phantom Sprin g 
ROyJ.l Ar(:l1 Cr ~o c; k 

Shinurno Creek 
Shinumo Spring 

Tapeats Creek 
Tapeats Spring 

Thunder River 
PP-7 Thunder Spring 
N-14 Vasey's Paradise 
HP-22d Unallied Seep 
HP-27c lhmamed Seep 
KP- lt3 Unnamed Seep 
KP-i~4 U ,mamed Spring 
KP-45 Unn rlfficd Seep 
KP- 4 -/ Unnam~ d Seep 
KP-51 Unnam o_d Seep 
N--1.8 Unnam o '-~'''ep 

S-46e Unnam 

Loc.ation Geologic Source 

~~uav Limest:o ll '~ 
River Mile i U) .4 (l (,[ t) 

River Mile 10 ;) . 0 (right) 

Huav Limes t'Jne 
River Hil e 133.7 (left) 

Muav Limest:Jne 
Tributary of Tape;Hs Creek -------

River Mile 31.9 (right) 
Turquoise Canyon 
Slate Canyon 
River Mile 1/~8.2 (right) 
River Mile 155 (right) 
River Mi le 138 (right) 
River Mile L52.7 (right) 
l40-Mile Canyon 
River Mile 35.5 (left) 
Forster Canyon 

Mllnv Limestone 
Redwall Limestone 
Bright Angel Shale 
Muav Limestone 

? 
? 

Tapeats Sandstone 
Muav Limestone 
Bright Angel Shale 

? 
Bright Angel Shale 

L • 
o 'i: 0- "'\' ~t 0\ 0 00 ~ - 'i s i fi cd as perennial on the bas is 0 f de tail <" ~ .h 

..., 

' 0' , .( .' - ~ l ~d·~~\ \ o i. n g t he source has not gone Jry within histori.c t tmcs, 
, ', : ()l°j th e j :' ~-l 'O ;l'l" ce of maidenhair fern ( ll ,j '-::an! lo'l ec:p7: ZZuB-veneris ). 
i ;' rn" t lll:'r' rC' dearch io1ill no dOllbt identify other perenn:ial sources ... Ii tldn 
eile ,en ud y are a" Source.s wh i ch may possibly be pe rc.nnial. and have 
: ie ,' ,·r bL' ,-~ n K Il ·)"".' :! to go dry, but lacking s uf f icIent field or bJstoric 
r C ;:' I;-j ~ i ncl ', jo Bedrock Cnnyon Creek (PP-/fO), Galloway Ca~y()n (>r ock 

~ : 'P - !j 1), Crap".: Canyon Cr eek (RA-80) , Hatka t a:-n i b a Canyon Creek 
: ; ! ' - ] 5) 1'1 {) n 11 n~ ~ , : 0 :_ Can y on C r c' e k (B A -I.E, ) , Nob 1 e S p r 1 n g (P P - 2 5) ,P i p (: 
"i- l i n g (BA- 2S ) , Slate Creek (BA-7S), ~outll Big Spring (PP-28), Stone 
,::- " 'k :) P_o/~2)) and Whlt e Creek (PP ~·3('). Cl e ar Creek Spring (VT-ilL. ) 
,-HlO a ;:n r t le n of Cl(;~c1r Creek (BA-82) were identtfied as perennial o n 
t o t . : _ . [ s of the presence of maidenhai.r fern after this manuscript 
was t YP\,· d • 

L Site numbe '(s correspond to USGS topographi,c: maps deposited wlth 
t.he DiviBion of Resource. Management, Grand Canyon National Park. 

JA s tream classified as perennial may b(' perennial for part or all 
of it s length. Sources of streams, ~len springs which feed them 
ar e not listed, are unclear or unknown. 



• 
,t~'nij. t: ~·i t and ephelT1i!.ral sou r ce s predominate 111 the re.gion. Whi1e i n tf' r­

·L : I. e: l ,:~'ll rce~; recei.ve ~:ater from springs o r ') ll ll }:- I: e rm r unoff and ephe n:t· ral 
rc ';. ':" \";q: tain waL e r only'!) direct respOI ~ !; I ' 1.1 .' !.t l[1off , there is s ome d( ' g r ee 
d Cf j 'll ty in se t ~H"ll ~ ng the two if historic.d in j\.)l"TIl.1tion is lacking. 

; ' ; :\.; ,"i 'J : / I ~ ~ l r" [l r1 C (Jr irlt e rrllf. t tenL SO'J 'r(~{~s may 1 ) f~ ( Jt·~ (~el) t i.ve ;3~; wel.1} as SOln (: g o 

j . . LuI' ·):.il y !-; -" v," r aJ ~(\a~,on s a deC3ch"'. \-lhil(lir i ~:; difficult to quanti t ]-
: ;·;.:.'1." l· ,:- LH.e pI' ecip r ~ on and runoff to tO I" l'cc urrcn c e of l o ca l s urfac e 

'.,";i l~ ":' :"' . ~-, IlfC(,S , s\.: Ln fe r e nces may be mal ;c.' . I. i tf~ le pre c ipi t .ltion fe l l 
,i l :: ' il :~', " ". YC' ':'I L3 o f 197 6 and 1977 and manyw;1ter s ourcc· s were dry for t. he: 

I: ' Ll. :r,c:-,: :o r d , a s ind:ic.1ted by historic informati.on g:l t.h~r(!d. H. '.tI c: veL', 

\" in Let', 1 97 ~'·-1 79 was very "'Tet, causing many intermittent streamt'; to 

... ~~l: '.l U!'.t:( .' ut ~~.h s ummer of 1979, when they no douht had previously been 
.:1".' :) ~" ,j 'nco Since several .of thf':'c. sitl!.S h.\d not he·n inventori e d 
p l'ior to tr~ , ' :.;? ring and s ummer of 1979, their volume and apparent 
::' IH:fner- c ~) n st ant flow were decep r -fv e t,.'h n Vi( ' Wl~:J from the perspective o f 
() n !:' y C .:l T I !, d Cl t a • 
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