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DESCRIPTION OI? A m  - 
Tolani  Lakes a r e a  i s  1 ocated about  f o r t y  miles north 

o f  Winslow, Arizona, i n  t h e  v i c i n i t y  of t h e  junotion of t l l s  
Oraibi  and Polacca Washes. The a rea  i s  t r i a n g u l a r  i n  shape 
and occupies 31;- square miles o r  20,160 acres, l y i n g  mostly 
i n  tho Ornibi  and Polacca drainage basin.  The survey was 
s t s r t e d  September 1935 und t h e  f i e l d  work was co~$la.l;ed in 
December 1935. Due t o  t he graded, p a r t l y  graveled Oraibi- 
Leupp Highway t h e  a r e a  i s  e a s i l y  access ib le  during a11 seasons 
o f  the y e a r ,  The popula*ion of t h i s  a r e a  i s  vari3ble.  During 
t h e  winter ,  very f e w  famil ies  remain o n  t h a  a r e a  bu t  in the  
spring t h e y  move i n  from t h e  surrounding c;luntry t o '  p l a n t  t h e i r  
crops and herd t h e i r  sheep and c a t t l e o  A t  .",he peak, it i s  es- 
timated t k u t  some 300 p9;ple l ive  on t h e  araa,, The e n t i r e  area 
is  under Federal GovernmsA c o n t r d ,  t h e  r x ~ r t h e r n  p o r t i o n  i s  in 
t h e  Hopi Indirn 9oservat ion whi le  the  r e m i n d e r  i s  i n  t h e  Navajo 
Indian lies ervat  i.on, 

About 86 percont of t h e  area  is R,; 3xteY.t.:ve a l l u v i a l  
f la t ,  which slo;-os g e n t l y  townrd t h e  s o u t h  and ~ o u t h e a s t ,  except 
i n  t h e  vrestorn cart  whsro t h e  s lope  i s  toward t h e  wost. The 
r e s i d u a l  s o i l s  occurring nos t ly  i n  !ke west  c e n t r a l  and southern 
por Lions a r o  chnracterir ,ed by a r o l l i n g  topography. The eleva- 
t i o n  of t h o  arc& ranged from 4903.5 f e e t  above sea lovo l  near 
t h e  south boundary t o  500G fee t  i n  tl?o rxorthern portion. The 
h i l l y  r e s i d u a l  s o i l s  are from 25 t o  35 f e e t  abovo t h e  a l l u v i a l  
s o i l s ,  Two main drain:  go  ways ontor  t h e  a r e a  from tho north, 
t h e  Oraibi  i n  tho nor th  c e n t r a l ,  and t h e  Polacca in  tho  oas tern  
p a r .  A t  prcsmt t he  ~ c r e m b o d s  of t h e  Polacca ?.nd Oraibi  
Washes n r o  s ta 'oi l i  zod, 1;l~ouglz t h o  stoop banks, r u g i n g  i n  hoight 
from a faw f e d  t o  60, arc  subjoct  to caving, The mater ia ls  
con t r ibu ted  i n  t h i s  nanner i n  add i t ion  t o  tho sediment ca r r i ed  
in from t h e  somi-la: rc;n watersheds during f lood periods consti- 
t u t e  a menaco t o  t h e  a g r i c u l t u r a l  lands vrhioh a m  sub joc t  t o  
overflow. Ofton l a r g e  mud bul l s  sevora l  f s e t  i n  diameter, as 
w e l l  GS s i l t ,  ~10.57 and sand, havo boon doposited t o  a dopth o f  
about  t h r e e  f e o t  i n  tho v i c i n i t y  of t h e  Oraibi  Wash during ono 
f lood  pcriod. The water of tho Oraibi and Polacca Washes have 
cl. moderato t o  high a l k n l i  contcnt derived 1argel;r from t h o  alka- 
l i n e  s o i l s  on Black Mesa, ii l a r g o  - m b c r  of shallow dra ins  pro- 
v ido  good s:.:r.faco drninnge ovor most of t h o  arcn and a pormoabls 
subso i l  providss good in to rna l  drninngo OXCOP-t; i n  t h e  o l d  lake 
bed asens along tho  southern jordor ,  Very l i t t l e  runoff occurs 
from the socsonctl r a i n s  duo t o  tho f a c t  t h a t  most of thc s o i l s  
htrvc a loose  lev01 sur facc ,  It i s  only i n  a few places on tho 



h i g h l y  orodod r c s i d u a l  s o i l s  th-t sonio l o c a l  r u n o f f  occurs ,  
'Ovcr most of thc: a r e a  t h e r c  i s  a spo t t cd  slight t o  nodora t e  
vogotxtj .vo colwr. A good c m a r  of Sncatoil g r a s s  i s psosont  
in tho rvcstorn p o r t i o n  wh i lo  i n  ' tho  castcrn part it i s  Chamiso, 
Throup,hout t h c  nor thorn ,  con t r a l ,  ~ u d  southorn p a r t  tho  vogow 
t a t i o n  is spott,od, c o m i s t i n , ;  mon t l y  of Chamiso, I h x s i a n  
this t l o ,  Shadscnlo, Snltcodlxr, .and m y  a m u a l  vruods. oory 
l i t t l e  dmngo  occurs  from fr0:j.t. 

CLIMATE -- 
The c l i ~ ~ z t c  of T o l a n i  Lc.lces w o n  i.; a r i d  t o  scmi-arid 

with nn a v o r q o  amual p x ; c i p i t : ~ t i o x  of ab. i l t  s e w n  inchos,  
tho major p o r t i o n  of vrliich occuri: during 51?y nnd August. 1 

Most of thc ruinf: .  11 is of  thc: t iwn?or  s h o ~ m r  typo ,  n l though 
occasionnl  a l l  d ~ y  rain.; my bo oxp.:?-;cd, Vory : - i . t t lo  sncw 
falls on t h i s  arm. T11c; groving SiL:. ?n 2;. -aged .-.'z~out 150 
days, from about  LIny 20 t o  Octobcr 2C. T h c  . c a p .  - . turc  d u r  
ing t h e  sv~nr~lor months 5s mild,  avcr:~ging n'2ou-k '70 dogroos. 
Plic w i n t c r s  a r o  g m o r a l i y  mi ld ,  alt:-:,ugh d.urind ?933 a sovore 
soason  vms rocordcd. S t rong  cold v r ~ d s  d u r i q  l!Iurch a r o  ro-  
spons ib lc  f o r  thc? major  p o r t i o n  o f  t h c  wind oros lon ,  whilo 
tho l?.to fa l l  windy sozson i s  of s ccondary hnpor-;ancor Du+ 
ing t l l c  windy sonsons clus.1; clouds nzo  o f t o n  s o  dc:nso thnt 
v i s i b i l i t y  i s  not morc t h n  500 fcct.  Thc s o a s o m 1  ~ h a ~ a c t o r  
of t 110 winds 2nd r a i n f a l l  fiovcrns p r a c t i c a l  l y  a l l  c u l t u r n l  
and p l m t i n g  opcr- . t iom. lhc Indian  farmers  u s u a l l y  mit 
until tho s p r i n g  ~ : i n d s  hnvc s-topi~cd and t l ~ c  earl;;- r a i n y  sonson 
hns s t a r t c i  bcforo  he p l a n t s  h is  c r o p ,  

L i t t l o  is knovm about  t h o  c a r l y  a g r i c u l t u r a l  practices 
i n  t h i s  r.rca, b u t  it i s  probzbl  t h a t  t h o  crudc r~lothods now 
omployod hnvo bccn p rnc t i ccd  f o r  mny years .  A fow plows o f  n 
poor gsado woro obsoi ,od on t he  arc?., 5 u t  n o s t  of t h c  c u l t i v a -  
t i o n  i s  dono YJ i t h  hocs. According t o  p c s t  rocords f rom 250 
t o  700 acres have bocn fwmcd dopcnding mzin ly  on the  a v a i l n b l c  
w d o r  supply. Xost  o f  t h c  s o i l s  n r c  i n  c x c c l l c n t  condi t ion ,  t h a t  
i s  thcy wi: looso tox tu rcd ,  w o l l  drained,  ~ ~ ~ o d c r n t o l y  h igh  in 
p lan t  food, r o l c k l v o l y  f r c o  from a l k a l i  i n  t h o  zono of  r o o t  pono- 
t r a t i o n .  Somc ~ ra t c rLr~gc in~r ,  a n d  c . lknl i  concentration occurs  i n  



t h o  lowor p ro f i l o ,  especially i n  t h o  southorn  po r t ion  i n  th 
v i c i n i t y  of t h c  old lnko bods. A11 of the s o i l s  a r o  s u b j o c t  
t o  wind oros ion ,  w i th  t h o  most sovcro r o s u l t s  occurr ing  i n  
t h c  o n s t c r n  po r t ion '  of t h o  a r o a  in tho  v i c i n i t y  of t h o  Polnccn 
Wash. 

On most of t h e  p r e s e n t  forms f l o o d  i r r i g n  h i  i s  p r m -  
t i c o d ,  h u t  the  wator  t h u s  dorivod i s  augmontod by  seopngo from 
t h o  O r a i b i  nnd a hand mothod, which i s  r o s o r t o d  t o  d u r i n g  pro- 
t r n c t o d  d r y  s p c l . 1 ~ .  Tho hnnd r a t h o d  i s  mo~-oly t h o  d i r e c t  ap- 
p l i c a t i o n  of n n t o r  t o  i n d i v i d u a l  p l a n t s  h m l c d  thoro b y  r~loans 
of a wagon. lflfr-tor i s  obtni lwd from t h o  O:,.ibi Wash, o r  Upper 
Lnkc, or w o l l s  i n  t h o  v i c i n i t y  of t h e  t r a d f n g  pos t ,  Corn, 
wntcrnlolon, cnntz.loupo z r d  pumpkin const  i t :3o t h o  crops, 
Alkali t e s t s  of t h o  mA;ol of t h o  Or!-.jbi Eni Pol&ccn i n d i c a t e  
that; it i s  f a i r  t o  poor f o r  irrig:-.-bod c. ,.. . . f . u l t u ra l  purposos. 
A continued usc o ;' .I; his  victor  undor impropor hnndling mothods 
may havc n d o t r i m m t n l  . :ffcct upon -.iw p . : ~ . t s  gr:)rn, duo t o  
t h o  high c o x c n t r : . t i o n  or clkc.li  SF.-:!.s p r ~ . a o n t  z. kho vmtor. 
It is, t h c r o f o r c ,  rccommcndod that f r i a b l ~  pormo .blo s o i l s  bo 
used a s  much as possiblo undor t h i s  f r r i g 3 t i o n  &;:stom, and  
a l s o  thn t  p r o p  r. h m d l i n g  mothods a r c  prazl ; iccdo 

SOILS - 
GROUP A 

The Ornib i  sandy loam i s  t i l o  on ly  typo  cicissod i n  
t h i s  group. It occupios some 5365 acros  of whioh about 500 
a c r o s  nro at p rc scn t  under ng r i cu l tu ro .  . _. _._ _ __ ._. Tko s o i l  i s  o h a r a c t o e  
izod by n modcratoly compact h i g h l y  col lc?,3nl  s u r f a c e  w i t h  a 
f r i a b l o  subsoi l .  Good v ra t c r  a d  a i r  d r a i r  :go i s  prosont  
throughout t hc  prof'ilo. Thc s u r f a c o  i n  t h :>  k i c i n i t y  of t h o  
p roscn t  Oraibi i s  lovc l ,  smooth, a n d  in  r1m:ly p l acos  b a r c  o f  
vege ta t ion ,  whi le  over t h c  rcrmindor of t h c  a r e a ,  t he re  i s  cr 
l a r g e  numbcr o f  hmnocks v a r y i n g  in s i z e  from s o a o r a l  i nchcs  
t o  about  s cvcn  f c c t  i n  I ic ight  which g ivos  tho  su r f aco  c. ohoppy 
apponranco, Thc: gcnornl s lopo  of nbout two porcont, i s  't o m r d  
tho  s o u t h e a s t *  



SUGGESTED II,B1IIWEi:ENT PI:OGRI& AND PHECfJJ!l'IOXS .-- 

In t h i s  group it w i l l  'bo noccssnry t o  p r c o t i c o  f l o o d  
c o n t r o l  mothods cnd chock t h o  nmour~t; o f  sand, s ilt, and  c l ~ y  
dcpos i tod  on t h c  a g r i c u l t u r u i  s o i l  i n  t h o  v i c i n i t y  s o u t h  of 
Ora ib i  Wr~sh. If t h e  wators  o f  t he  O r a i b i  and Polacca Washos 
a r o  usod  f o r  i r r i g a t i o n ,  t ho  d ra inage  f c . o i l i t i i o  of t h e  s o i l s  
w i l l  hcvo t o  bc  kopt opon so  t h o  s o i l  w i l l  no t  hocomo m t o r  
loggod o r  bccomc h igh ly  concentrated i n  a l l m l i  salts. h o  t o  
t h o  ovorgrazod c o n d i t i o n  o f  t h i s  group it. .is suggostcd t h a t  
propor rangc mnnngcmcnt p r n c t i c c s  bo oxor ;<sod i n  o rde r  tllat .- 
a b o t t c r  v ~ g o t a t i - . a  oovor bo dovalopcd. .L I many p l acos  it 
vsill  b o  nccossa ry  t o  s ocd. tho  a r o a  i n  3r&. LG d . x e l o p  n b e t t o r  
oovor, S t r i p  plnn15ng 0.1' browse m r 3  t r o c e  ,n such n m m o r  as 
t o  chock wind o r o s i o n  i a  rocomnolxlod, T1.1; i s  o s p c c i a l l y  t r u o  
for t h e  c a s t c r n  p-rtion ~,i . lorc v:ind o r o s i . ~ n  i s  sovoro. 

It has bccn obsorvccl f rom Laboratory s t u d i o s  tht it 
roqu i ros  from t o  25 minu-tcs f o r  vratcr to pcnr:.:rato nn i n c h  
of a i r  d r y  s u r f a c e  s o i l ,  d opcndizq ~ n o s t l y  upon .I;:?.c compaction 
and co l lo i r lu l  c w t c n t  c f  t h o  soil. This group has medium 
vn to rho ld ing  onpaci ty.  

XDAPTI;T I O N  :'C) Z I O S I O N  COPiTliOL PitACTICES - 

This group i s  w c l l  z d a p t ~ c i  t o  o r o r  ion c o ~  ; m l  prac-  
t i c o s .  Y i t h  somo s l i g h t  l o v ~ l i r - g  of t h c  l~:unrnocks, vmter may 
o a s i l y  bc spread '  ovor t h o  su r fncc ,  duo t o  ':he good su r fnco  
s t r u c t u r o ,  slopo, vmtorholding c a p a c i t y  nnd r n t c  of wator  ab- 
s o r p t i o n  of t h i s  group, Bocnusc of t h o  sovcro c f f o c t s  f rom 
wind o r o s i o n  it i s  rocommondcd that s t r i p  croppin[? bo prac- 
-t;iccd tlr-hurcvor it i s  possible. 



ADAPTATION TO IRRIGATION 

T h i s  group is rocommendod f o r  i r r i g a t i o n  agriou1.turo 
cmcl grass  land. AS p rov ious ly  montionod t h c  slopo, drninago,  
m d  pormoabi l i ty  of t h o  s o i l s  of  t h i s  group is  good. Tho fer- 
t i l i t y  of t h c  s o i l s  a r o  such  t h a t  c rops  arc  r o a d i l y  grovm. 
Thc alkali concont ra t ion 'of  t hc  s o i l s  i s  not s e r i o u s  in  t h e  
zone of r o o t  ponct ra t ion ,  b u t  i n  t h o  lowcr p r o f i l o  bo lav  sevon 
f o o t  t h e  co? lccnt r~ . t ion  i s  g roa t c r .  T h e  F..: h b l o  u s e  of t h i s  
lnnd under propor i r r i g a t i o n  mdhods  w i l l  DO c u l t i n t o d  c rops  
o r  g r a s s  , 

VEGETbTIVF: i.IlhPTi~'! ION 
s- 

A t  prosont  t h o  vogota t ivo  covor c i:. x i s t  e x o s t l y  of 
Chnmiso, Rus sic11 t h i s t l c ,  Saoaton g ra s s ,  gal lot:^ g r a s s ,  
Gronsc?~, ~ o d ,  Sa l tccdar ,  Rnbbit brusk.,, and o Lhor p l m t s  of 
minor  oxtcn t .  Tho prosont  cyl-l;ivntzd crops c o n s i s t  of corn,  
wnt ormilon, cnntaloupo, and Ind ian  pumpkin. Undm propor 
treatment t h o  siativo vcgo tu t ion  w i l l  produoc a g ~ o d  covor, 
Sovornl  d i f f o r o n t  t y p c s  of cu l t ivc l tcd  grassos,  snch  as 
a l f a l f r , ,  c l o v o r  o r  o t h e r  logumcs, my bc uovelopod undor 
i r r i g a t i o n ,  mid a l s o  cultivated c rops  such  cis whcnt, o ~ t s ,  
potatoos,  bcms, a n d  mnny v n r i o t i e s  of  vcgc tzb los .  

V;LLUF: OF SO 11, FOR 2OlTSTRIJCT ION PUI!PCG 1'2s 

Thc snndy lonm s o i l s  o f  t h i s  group nro f a i r  f o r  oon- ' 

s t r u o t i o n  o f  o a r t h  v~c.:ks, I11 t h o  d i r o c t  vr .c in i ty  of t h i s  group, 
l a r g o  nrcns of c l a y  su r f aco  s o i l s  my  bc found and vrith w r y  
l i t t l e  e x t r a  work t h c  trvo d i f f c ro r i t  ty;~os may e a s i l y  bo mixod 
f o r  t h c  c o n s t r u c t i o n  o f  any ear thwork -;hat may bo nocosscqr.  
This  combimt ion  undor propcr handl ing  vrill make cood 
f o r  c o n s t r u c t i o n  purposos . 

LIMITING FACTORS I N  TIB USE OF SOIL 

Thc high colicontr::tion o f  whito n l h l i  in  t h c  lowor 
p r o f i l o  md t h c  tondcnc;. o f  'G ho surfnco t o  blow nro t h e  min 
l i m i t i n g  f a c t o r s  i n  t h o  uso of t h i s  Group. 



EROSION 

Tho c n t i r o  group is su b j c c t  t o  wind oros i o n  with t h o  
main a r m s  looatod i n  tho  oas to rn  p a r t .  In mnny plc?oos l a rgo  
blow outs  aro prosont loaving tho ' su r fnco  r o l c k i v c l y  ba re  of  
vogotntivo covor, whj-lo i n  othors, vrhoro t h o  hummocks nro  most 
p r o m l o n t  a largo numbor of  Cl~amiso nro growing, and t h o  s o i l  
is blowing 5.n and nbout t h o  bnso o f  thcso  s l an t s .  

GROUP B 

Tcn diffc:.snt s o i l  sopnrn t ions  c o n s i s t i n g  of b o t h  
n l l u v i a l  nnc! ri;sld?lal s 3i.l a r c  prosl;r,",ir, Shis  g:rcup. Tho 
soparntioi-is consis-i: of M o i l s  v a r y i u ;  i n  Jcc. :turc : Yarn n sm1dy 
locm t o  clay, The surfnco s o i l  i n  the ens-zorn, ,. xt;remo south- 
ern ;'ad v ~ c s t c r n  p o r t i o n  i s  chc1.ractcrizod by a 1ci ,so f r i a b l o  
G:';LI~-r lonm, while throughout t h c  no:- thorn nnd c o ; ~ t r a l  part, 
t h c  group consistc of n hoavic;r toxsurod, noro compact, u s u d l y  
c l a y  surfacc .  Thc ~url"!lco faa tu ros  a r c  s i m i l a r  Iro t h a t  of Group 
t, which vnr ien  from n fc;:s hwnmocks i n  tho viosto:.m por t ion  t;: a 
l a r g o  n u m h r  of h i ~ h  hulmnocks i n  t h c  ons torn  porkion. Tho en- 
tire surf'aco hns c. choppy apgonrtulco. Lkcopt fo r  t h o  rosLLml 
sandy 1oc;n type t ; ! ~  i;1111vinl c f i i l s  f o r  t l ~ c  m o o t  part have about '  
n two p c r c m t  slope. This group i s  dividod i n t o  two main types ,  
the  -clay, and t hc sandy s o i l s *  It is  b~co-uso o f  1;ho r o l l i n g  
topogrc.phy of thc snndy s o i l s  m d  t h o  cm;nct p r c f i l o  of tho 
c l a y  s o i l s  t h a t  t h y  havo bocn placod in t h i s  group rathe? t h a n  
i n  Group A. 

A s  i n  the caso o f  t h c  :L group ce.rJ must bo oxorcisod 
i n  t h o  u s c  of t h o  h ighly  concontrntoct a l7 :a l i  vmtcr from t h o  
O r c i b i  a i d  Polncca BJc.shcs f o r  irr? ;;dklon purposes* Sinco tho 
majo r i ty  of t h c  s a i l s  i n  t h i s  ;;ibr,up havo a nodoratoly compact 
surfaco and subso i l  more caro  + L l  bc! nocossary t o  koop t h o  s o i l  
vie11 draix:c.d so tht  puddling, w , - l c r logg in~ ,  o r  tho accumulrt ion 
of d h , l i  s a l t s  vsi l l  n o t  dovclop undo:r i r r i g a t i o n  ,practices. As 
t11i.s s o i l  i s  ovcrgrrzod, relip m .nagornont and rosooding practices 



w i l l  hvc t o  bo f o l l o ~ v c d  i n  o r d o r  t o  improvo t h o  vogott;n-bivo 
covor. Sinco most of tlc s o i l s  of t h i s  group hnvo a r o l a t i v o l y  
hoclvy tox tu rod  jur faco  o r  L? f a i r  vogotn t ivo  covor  on t h o  l i g M o r  
t o x t u r c d  s u r f a c ~ s ,  ~. i l id e r o s i o n  i s  nc'i cs sc-rious on tho vrholc 
as on Group L, h u t  t h i s  doos n o t  noan t h a t  c a r e  w i l l  n o t  havo 
t o  be  oxcrcisod t o  chock it. 

On i;hc vrholo, moisturo pono-braticrt i n  t h i s  group i s  
slovror t h a n  i n  Group 1~.  From l a b o r a t o r y  o,;udios it hcs  boon 
obsorvod t h ~ t  o n  t h e  h c w i c r  >cxturcd  s 0 i i . i  it r s g u i r c s  from 
14 minutos t o  AC hours fi;r vratcr t c  ;:onotz. o a o  inch  of  a i r  
dry s o i l ,  dopcnding ~ ; l o s t l y  upon tilt s t r u c  ? ,.-o c.rG w i l o i d n l  
c o n t e n t  o f  the s ~11. Oi l  t h o  l i g h t o r  tc:xr~.~rcd p o r t i o n s  of t h i s  
group it rrcquirr,~ f r o c  ',; t o  19 nini.:bcs f': :- vmtci* 50 peno t r a to  
ono i n c h  of n i r  d r y  soil. Usua l ly  .;:-.o s l o  :or m . r pono:ratos 
a s o i l ,  t h o  g r o a t c r  is i ' t s  vmtcrholdmg c:.pacit.~-,, thoro f w e  t h o  
vmtorholding cny:icity o f  n o s t  o f  t h o  s o i l s  !.n t::. l ,c group i s  
h i g h c r  t hnr?. i r - t  G::*oup X. Thc s ~ t n d y  ', o m  s 2 11s of t h i s  grouy ha170 
about thc: scuno mt ;orhold ing  c a p a c i t y  ns t hoso o f  group A. 

A D l R A T I O t i  TO EKOSION CClaTROi, PIUCTICES - 
Tho c lay  s o i l s  of' t h i s  group a r c  b e t t o r  .~dap tod  t o  

vmtc r  spreading p r n c t i c c s  than err: thlj l o o s o  t c x t u r o d  s o i l s ,  
bocauso t h o  s lopc i s  morc uniforni, t h c  o f f o c t  of  wind o r o s i o n  
i s  not cs so r iocs ,  t h e  wntcrhold ixg  capar ; t ty  i s  highor,  though 
t h c  r a t 0  o f  absorpt ioi i  i s  sl.owor. S t r i p  ,:roppin& should bo 
prnc t i cod  vrhcrovor crops a r c  grown bccfiucl~ of t h c  tondoncy of 
t h e  s o i l s  t o  blow. Contour i r r i g ~ t i o n  v r o ~ l d  bo necessary on 
t h o  s toopor  s lopes  o f  t h c  s a d y  l o r n  typo ~f t h i s  typo wore 
p l aced  undcr  i r r i g a t i o n ,  o ' t l tcr~ri  so s c r i o u s  g u l l y k g  o r  shoot  
o ros ion  would dcvclop. 



P9FiPTAT ION TO IRKSGILT ION 

Thi s  g roup  i s  n o t  rocommondod as h i g h l y  f o r  i r r i g a t i o n  pur- 
posos as Group A. With propcr  hru!dling o f  t h o  hoavior  t o x t u r o d  
ff.ently s loping  s o i l s  good r c s u l t s  may bo obtairmd undor i r r i g a t i o n  
~ o t h o d s  of fcnrhiig. T h i s  i s  a l s o  t r u o  f o r  tb looso  t o x t u r e d  so i l s ,  
but moro x . ro  w i l l  t o  bo oxcrc isod  in t h o  handl ing  of  t h o  ~ m t o r .  
Tho s toopor  p o r t i o n s  a n d  t h c  h i g h  r o s i d u a l  s o i l s  a r o  n o t  recomrnondod 
f o r  i r r i g a t i o n  u s 0  bccauso it would b e  r a t h o r  d i f f i c u l t  t o  g o t  vmtor 
on thorn, a l s o  it would r c q u i r o  moro v ~ t o r  boci-.uso of  t h e  l o o s o  tox- 
t u r o  t h a n  could bo s p a r e d  t o  b r i n g  a b o u t  fai': c rop  r o s u l t s .  Tho 
f e r t i l i t y  of t h o  s o i l s  of t h i s  Group i s  suck .;hat a good n a t i v o  covcr  
may o a s i l y  bo dcvolopcd. Tho whit0 a!.E:ali c::: 3cnt  o f  t h o  o n t i r e  pro- 
f i l e  of  t h c s o  s o i l s  i s  nodorn-tc and if placci: cndor i r r i g d ; i o n  w i t h  
impropor handl ing  m y  dovo'i;.p i n t o  a a*~. : ious  ':snac.~ t o  p l m t  growt;h. 
Tho sandy s o i l s  of thc group o.ro subS.~u'- tc 7 z.i;llt anounbs of black 
n l k n l i  i n  t h e  laver ~ o r ' c i o n  o- t h e  p r o f i l e ,  :fiiilo t h e  c l ay  . o i l s  on 
t h o  v h o l c ~  a re  r o l a t i v o l y  f: :., ,f blaci; i . . i l~L. i n  t h . 3  upper sovon f o o t  
of tho p r o f i l e .  It is  rac :l m. dcd t hr..: f h e  s , i l s  c. ' the Polacoa and 
t h e  Lrtlpp Sor i c s  30 kho onl:. o m s  uscd cndor irrig:: :on o g r i c u l t u r o  
a d  t h c  r o m i n d o r  '1: : loft ir!. n a t i v e  coves. 

VBGETi'iT IVE iJlI2TiLTI ON 

The p roscn t  vogotati.io covcr 5,s s i m i l a r  t c  t h ~ t  of h o u p  h 
and i n  most p l acos  tho  a d a p t a t i o n s  oro s i ~ n i f n r  t o  t h a t  group. Tho 
sandy s o i l s  of t h i s  group llnvo b c t t o r  covcr  c f  Sa..nton grass .  

VALUE OF SOIL FOR CONSERUCTION PLEPOSES 

This  group has a good conbincrtion o? s,*Lls f o r  c o n s t r u c t i o n  
purposes f o r  t h c  s m d y  s o i l s  on -tho vrholc hnvo a rc1nt-ivd.y h i g h  
c o l l o i d a l  c l a y  cont  on t  and tllc h m v i c r  t o x t u r e d  s o i l s  are o n s i l y  
a c c e ~ s i b l c .  

LIXITING FLCTOI?.S I N  THE USX OF TIB SOIL 
* 

The cuts tmiding  limit in^ l'actors of t h i s  group a r o :  (1) Tho 
compnctncss nnd c x t o n t  of tho  c l a y  l a y o r s  i n  t h o  'nemy toxburod  so:',.ls, 
(2) Tho ~ o d o r n t o  ailoullt of v h i t o  d k a l i  t h a t  i s  p rc son t  i n  t h o  eom 
of root  y o n o t r a t i o n  of t h e  hcmy  koxtured s o i l s  and t h o  much h ighe r  



c o n c e n ~ r a t i o n  i n  t h e  lower prof i le ,  (3) Presence of a s l i g h t  amount 
of black a l k a l i  in t he  p r o f i l e  of t he  loose  'cexbured s o i l s  as well  a s  
whi te  a l k a l i ,  (4) The excess slope of por t ions  of the l o o s e  textured 
s o i l s  and i t s  s u s c e p t i b i l i t y  to the offec-h of wind eros ion i n  ths 
ea s t e rn  ion of t h e  a r e a  surveyed, (5) Some places t h e  c lay  
s o i l s  aro  severoly a f feo ted  by wind erosion* 

EROS ION 

The erosion condi t ions  of t h i s  group n!.p s imi la r  t o  those 
of Group A. This cond i t ion  f s  a l so  ind!.cateG In t? 1 above paragraph. 

GROUP 'C 

This g m u p  i : charactarized b y  four d5 Yere:.. s o i l  separa- 
t i ons  c o n s i s t ~ i l g  of bo th  res idua l  and e . l l uv i~ .  L s o i l s  such a s  Tolani 
sandy clay, Corn Creek c lay  shallow phAae, I ve s  clay,  and Tovar sandy 
clay. The sur face  s o i l  u sua l l y  has a moderately oo:n?act s t ructure ,  
while t h e  subso i l  i s  v a r i a b l e  consist in^, of e4.ther .: compact o r  
moderately f r i a b l e  subsoi l .  Areas ' of  'the Toluni  sandy clay, located 
i n  t h e  wes tem por t ion of t h e  area, are characterized by a f r i a b l e  
subsoil ,  while the  remainder of  the s o i l s  a r e  compact The general 
topography of t h i s  group i s  l e v e l  t o  gent ly  sloping wi'th an average 
slope of 2 t o  3 percent. %e t o  t he  general heavy .;.ex.ture o f  the 
surface s o i l  va ry  l i t t l e  wind erosion has occurred 111 t h i s  group, 
The drainage f a c i l i t i e s  of t h o  Ives c l d y  a r e  n o t  good, and many 
places t h i s  s o i l  has i nd i ca t i ons  of poor sub.:7il drainage. The 
other typos i n  t h i s  group indicato  t h a t  the;: ' a v e  f a i r  drainage 
throughout the prof i le*  In many places the  p * o f i l e  of  the Tomr , 

sandy c l ay  i s  s h a l l o w  a n d  vogetntion i s  spars . .  

SUGGESTED I h P R ~ T  PROGRAM kiND PRECAUTIONS 

Sinco t h e  major i ty  of t h e  so i l s  of t h i s  group a r e  clrnrncter. 
ized by a heavy surface a n '  subsoi l  te:cturo it i s  recommended t h a t  
doep rooted cu l t iva ted  p l an t s  such as a l f a l f a  be  used if t h i s  soc t i on  
i s  t o  be  placod urder  i r r i g a t i o n  s o  t h e y  may a i d  i n  keeping t ho  drain- 
age open. If vc ry  l i t t l e  or no irrign-tion vmter i s  u s ~ d  then tho 
nat ive  covor of Sacaton grass  may bo increased undor b e t t e r  rmgo 



lllnnagumont praoticos.  ~t proaonlc tho  Ivbs d a y  irj tho  only type 
that; doos not Imvo a Saoaton g r a s s  oovor, t h o  othclr wi%h a I i t t l o  
cure will dovolop an oxce l l en t  s t a n d ,  In a fm plaaett Coaklobtws 
ara prosont,  ospooia l ly  ono rnilo norbh o f  t h o  t rading post* It 
w i l l  bo nocossnry t o  romovo thorn boforo this aeokion otzn bb Im- 
provod t o  suoh an oxtont +hat cul-t;.lvatod graoeas w i l l  grow, Tho 
aocumulation of black and whito alkal i  will hrvo to ba oonsldarod 
in t h i s  group* 

MOISTUliE PE%ETR/LT ION AND V'L"TEHH0LD DIG CAI'AC I 'CY , a "  

On tho whole, moiotura ponotratoc tho ~ i l s  p ~ f  *hi  f i  group 
slaver than in t ho  t w o  provxous grape rue to khe ;maf;or aofli.. 
pnction of t h e  majority of t h o  soils r Yho 2 -.ni' scxly c lay  aaoura 
in what i s  known l o c a l l y  c a  t ho  Sovon % a l l  ;,~kos, cnd tho I vos  clay 
was a lako bottom c.-k t,ho t i ~ o  tho Oraidxi flc.;i?d southoast paat the 
t rzd ing  post '  It is duo to tho  cumpace; cur taco  and mbso i l  tha t  
mtor romins on the  s u r f a c c  o f  thoso kl ipos  for a ? ~ n g  poriod. 
N'tor scvcrn l  wooks >f dry vroathor  t h o  l m r o r  : ? ro f i  -.: of  tho h o a ~ y  
toxturod s o i l s  was zuist, ixidicat ing t ha t  th 3 vratorholding chyxri-by 
of the soil w a s  high. 

U)APTflION TO EROSION COMTHOL PIUXTICES 

Only in a few l o c a l  placcs has shcc-t orosion dovdopcd t o  
such an axtcnt t k a t  it is serious and those placos cxro along tb 
bronks of tho min dminngo w.7 in  t h e  tvostcm port ion of tho aroa 
nnd along tho base of tho foothills i n  tho w-.stern and southorn 
portion of tho nrsa whcro the Tovnr sandy cl.:.-~ has boon mappod. 
Bsido from t h e s c  placcs t h i s  s o i l  g n u p  is ncl; su t j cc t  "c vary 
much damgo from sheet, wind, or g u l l y  orosio:i, duo to t h o  horny 
t ex ture  cf tho soil ::nd thc: lcvcl topograph'rj. 

This group is  not roccmcndcd for rogu1r.r i r r iga t ion  praca 
t i ccs ,  b m  c c n  bc uszd if necessity should a r i s o ,  The s t h o r  two 
groups nrc much morc desirable.  They arc extcnsivc cnough t o us0 n l f  
wutw supply f r o n  tho Ora ib i  m d  Pnlhcca Washes. 1Vhito alkali con- 
centration is slightly highar  i n  th1.s group t h a n  is prosant in tho 
other tvro groups. The concen t r a t ion  o f  black a l h l i  I s  about tho 
s a c  b u t  c w s  n l i t t l e  closor to t h e  surfncc i n  t h i s  group. Tho 
s a i l s  of t h i s  p u p  c a n  boat bo u t i l i z o d  fo: grazing. 

CV- 



VEGETAT NE AD~!LT I ON'S 

Tho prcscnt vogotat iv6 ouvcr consis ts  mostly of Sncaton 
grass i n  tho wostcrn portion, Shadsoalo i n  tho southorn and south- 
vmstern portion, and sovorr3. groups of nnnual plan ts  in t ho  wost 
oont ral md southoas-bom portiona . 
VALUE 01' THE SOIL FOX SONSTRUCTION PURPOSES - 

This group  c m  bo uz+d for cons". . ~c+ io :~ .  pur..r jscs, but it 
i s  advisablo "chat the compcct cldobo ch;r of . :* : to of t h o  s o i l s  of 
this  group bi: mixod v i t h  smc l i g h t o r  tcxtux ... a s o i l s  f o r  tho  bose ; 

rosul ts .  Th.is  i s  o x i l y  nc~ar ,~pl ishod ' i ~ i o  ti; );ho non~noss  of t h o  
l i g h t  tcxturcd so i l s  t o  t h : ~  group. 

Tho min limiking factors of t h i s  group aro: [I) Cornp.cCiloss 
of tho s o i l  p r o f i l o  o f  t h c  m~ j o r i t y  o f  tho s o i l s )  (2) Tho shnllow 
p r o f i l c  of Tovnr smdy c l q ;  (3)  The prosonco of wh-ito and black : 

a l k a l i  i n  tho prof i l e .  

EROS I ON 

As  proviously montionod orosion is not n sorious f ac to r  on 
t h i s  group oxcopt i n  a fov~  l o c a l  plcccs. 

GROUP D 

The Tovar sandy clay shnl lov~ phase i s  tho on11 type i n  t h i s  
group, Tho s l i g h t  s o i l  ddvolopmnt cons i s t s  mostly o f  thc goologic 
f o r m t i o n .  of Chinlco s b l o  nnd sandstono. Tho topogra>hy i s  r o l l i ng  
t o  ruggod, giving tho impression of rough brokcn lnnd. h a  t o  t h o  
naturo of th is  group it i s  not rccomiciudod for  i r r i p t o d  cultivrrtad 
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crops  or grass .  1% is  suggested t h a t  it t e  l e f t  i n  i t s  nat ive  
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cover which c o n s i s t s  mostiy of Shadscale and clumps of Saaaton 
g rass .  With b e t t e r  range treatment a b e t t e r  cover  may be devel- 
oped. Sheet  e r o s i o n  and g u l l i e s  are s e r i o u s  over  most of  t h i s  
group, b u t  since most of t h e  s o i l  has been ranoved checking of 
t h i s  condit ion w i l l  seldom be economically feas ib le .  

r., >, 

POROSITY STUDIES I N  RELATIOlJ TO WNIER PENETRATION - 
"02 Type S o i l  Depth Vol. Wt. Porosi ty Water Penelmtion Swelling 

O r a i b i  C1.  12  - &I1 1.59 3 8 . u  8 Min. p e r  inch Neg?.igible 
Polacca ~ 1 ,  12 - &'I 1.60 3.$;7$ 1lc " 11 11 11 

........................... O r a i b i  C1.  0 - 8" 1.58 36.3% 
0 r a i b i S . L -  0 -  12" 3. 48 .J+2,6$ 25 It 11 11 11 

Polacca C1. 0 - 12" 1.82 Z3.,5% 24 Hours 'I " 
I 1  I1 

2Q% 
Corn Creek C1,  0 - 15" 1.81 2b,7% etl 3% 

I n  making t h e  t e s t s  of t h e  above r e s u l t s ,  a p a r a f f i n  wax was 
placed about a c i n d r i c a l  inch p i e c e  of undisturbed a i r  d r y  s o i l ,  i n  
ordar t o  h e l p  ho ld  t h e  s o i l  i n  i t s  n a t u r a l  s t a t e ,  a l s o  t o  help  i n  
obtaining accura te  r e s u l t s .  The rato of p n o t r c t  i o n  i n  p a r a f f i n  sealed 
columns i s  slower because of  thenecess i ty  of f o r c i n g  a i r  ahead of the  
water, a l s o  swell ing t i g h t e n s  t h e  column. The fo l lo~v ing  r e s u l t s  were 
observed on p a r a f f i n  f r e e  one-inch cubes o f  a i r  dry s o i l ,  

S o i l  Type Soil Depth - 
Corn Creek Clay 0 - 15" 
Shallow Phase 
Oraibi Sandy Loam 0 - 6" 
Oraibi Sandy Loam 6 - 12" 
Oraibi Sandy Loam 0 - 8" 
Oraibi Sandy Loam 8 - 18" 
Oraibi Sandy Loam 18 - &" 
Polacca Clay 0 - 12" 
Polacca Clay 12 - 24" 
Polacca Clay 0 - 12'' 
Polacca Clay 12 om 24" 
Oraibi Clay 0 - 12" 
Oraibi Clay 12 - 
Tolani Clay 0 - 12" 
Tolani Clay 1 2  - 24" 
Tolani Sandy Clay Loam 0 - 15" 
Tolani Sanciy Clay L 0 d 5  - 2 4 1 1  

Tolani Smdy Loam 0 - 12" 
Tolani ,Sandy Loam 1 2  24" 
Ccrn Creek Clay 0 a 24" 
Oraibi Clay 0 - 8" 
Oraibi Clay 8 - 16" 
Oraibi Clay 16 - &I1 

Oraibi Sandy Loam 0 - 12" 
Oraibi Sandy Loem 12  - at' 

Time o f  1,'ator .Pe,notration. 

11-3/4 Idin. f o r  1 inoh of s o i l  

5 -  Mh. f o r  I inoh of s o i l  
2 - y 3  I1  

I t  I 1  11 11 I1  

&!in, f o r  1 inch of s o i l  ::;it 11 11 11 11 11 I t  

4 4 3  " 11 I 1  I t  11 11 

5 Hours f o r  1 inch of s o i l  
3 M i n *  " " " 11 " 
1 Min. f o r  1 i n c h  of s o i l  

19 I t  I t  11 I t  11 11 

63 Min. f o r  1 inch of s o i l  
5 11 11 11 11 I1  11 

1 Min. f o r  1 inch of s o i l  
4-lh I 1  11 11 O I t  

. - 
i Min, f o r  1 inch  of s o i l  

3L4 11 11 I t  I 1  11 11 

1/ Win, f o r  1 i n c h  of s o i l  
1 3  f fl t t  I! . tI It I) 

1 0  Nin, f o r  1 inch  of s o i l  
33 Nin. f o r  1 inch o f  s o i l  
3-1/2 " 

II 11 11 11 I t  

5 11 11 I t  11 11 I1  

3 Min. f o r  1 i n c h  of s o i l  
25 I t  11 11 I 1  11 11 



RESULTS OF ALIULI DETERl41NATIO~P - TOJ.lANI MIUS DENONSTWTION AR&I 

Soi l  Type 
No. Location 

Average Cone e n t r a t i o n  Alkali 
i n  pro f i l e  expressed in P.P.IiI.* 

tvllite Alkal i  Blaok Alkali C03 
p- 

1- 1/2 Mi. W. Lake 
3/4 Eli. W. Bridge 

2 Mi. N. Red Lake S o r e  
1-1/4 Hi .  E. Lake 
3 -.. s n .  N o  Store 
3 Mi, iW Store 

1//2 M i ,  S. Ornibi 
1 X i ,  IT. %t(,re 

1/4 Ei. S. Oraibi  
1 7 :. ,..I, E. Bridge 

1/4 Xi. S. Cra ib i  
1 IJi. NE Eridgo 
1-3/4 EIi. hT. Store 
1-1/L, T . 5 .  1Tll Bridge 
1.,1/2 i.iI, N W ~  Storo 

South edge of Lake 
7,. M i .  W. Store 
2-1/4 Mi, Iu'E Store 
1-1/2 14i. E. Lake 
2-1/4 I$i. N. Store 
1 M i .  NE Store 
1/2 15.. hrE: Store 

1 M i .  NE Store 
2 kii. ICE Store 
1/2 Mi. E. Store 
3/4 Mi. W St ore 
1/2 T.U. S. Orsibi  

2  M i .  IPI Store 
1 /2Xi .  E. Bridge . 

200 Ft. N. Lalco 
1000 Ft;, M. Lalso 

1 Mi. N. Lalco 
1 X i ,  E. Oraibi 
1-1.12 X i ,  IF! ~ u k e  
112 &iim E. Oraibi 
1/4 I'li, E. White Bridge 

1 Ni. SE White Er idgc  
114 h1i. E. Bridge 

S t  r ong 
Moderate 
None 
Hone 
None 
None 
None 
None 
None 
None 
Nnne 
W one 
None 
None 
No110 
None 
None 
None 
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None 
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None 
None 
None 
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Rone 
None 
Itone 
Hone 
None 
ITone 
SI. i &t 
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8lif;he 
S l igh t  
None 
Noderato 





Coordinates were surveyed a t  cne-half mile i n t e r v a l s  i n  an 
east-west and north-south d i r e c t i o n  find, a t  t h e  in te roec t ions  of 
these  l i n e s ,  t e s t  holes  were bored. The auger holes a r e  t h r s e  
inches i n  diameter and were borsd t o  a depth of twcnty f e e t  or t o  
t h e  water t a b l e  i f  l e s s  than twenty fee t .  The ' t e s t  holes were ' 

loggod t o  determine t h o  flow of t h e  ground water and, i f  possible, 
t o  determine reasons f o r  d i f ferences  i n  v a t e r  levels.  . 

T O W 1  WICES KATER TABLE STUDY - 
This report  i s  intended t o  augment t h e  ava i lab le  i~?forma,tion 

on t h e  proposed Tolani  Lakes ~oope ra t i+e  Project. The Land Plan- 
ning Committee asked t h a t  a water t a b l e  study be made. The data  
obtained a r e  t o  bo used t o  determine t he  f e a s i b i l i t y  of sub-irriga- 
t ion on t h e  project  , 

Tho proposed p ro j ec t  i s  locatod about f o r t y  two'miles nor th  
of Ninslovr, Arizona, on t h e  'IYinslow-Oraibi road. This su rwy  
covers a roughly t r i a n g u l a r  area of ~pproxima'hly  s i x  and one-half 
square miles, loca ted  between t h e  Red Lake Ti-ading Post and Tolani 
Lake. Beginning a t  t h e  windmill neer t h e  Trading Post, t h e  ea s t  
boundary bears nor th  t o  i t s  in te r sec t ion  with t h e  nor th  boundury 
l i n e  dram eas t  from a point  on t h e  Oraibi red three-eight1.i~ crf n 
m i l 0  nor th  of t h e  whi te  bridge. From t h i s  pc:,zt t h e  southvest 
boundary follows t h e  Indian Service roaJ bac4 To t h e  point of origin* 

The surface o f  t h e  a r e a  under st.vdy i:; f a i r l y  smooth, a l -  
though the r e  a re  some windblown hummocks i n  the  eas4!-central pol- 
t ion.  The southwest boundary f ~ l l o w s  a rocky s lope., a t  t h e  base 
of  which i s  a f l a t ,  s loping gently t o  t h e  southeast. The north- 
eas te rn  par t  of t he  a r e a  slopes t o  tho south and t o  t h e  west, hav- 
ing a drop of about seven ~ n d  one-hd?: f e e t  t o  t h e  mile. The old 
Oraibi Wash 'iraverses tho a r e a  para l l e l ing  t h e  ea s t  boundary, . 

Three types of ground water a r e  recognized i n  t h i s  study. 
They a r e  : hygroscopic mois-bum, cap i l l a ry  v;a.ter and hydrostat io 
water. Hygroscopic wate r  is moisture hold by t he  s o i l  when air 
dry. 'This  type of wate r  i s  i n e r t  in s o i l  furxt ions  t he r e fo re  w i l l  
not be considered fu r ther .  Capi l lary  water i s  water held  in sus- 
pension i n  the  capillaries betvreen tho  s o i l  pa r t i c les .  Hydrostatic 
water is commonly ca l l ed  grouni o r  g rav i ta t iona l  water. It i s  f r e e  
t o  move under t h e  influence o f  gravity. The suspended m t o r  m y  
be derived from t h e  hydros ta t i c  or ground water bolow o r  from pass- 
age of ground vrnter following prec ip i ta t ion  o r  flooding. The 
height t o  which water c m  bo drawn by cap i l l a ry  ac t i on  va r i e s  with 
t h e  t ex ture  of t he  so i l .  

In t h i s  study t h e  vmtor t a b l e  i s  defined a s  t h e  upper sur- 
face  of n zone of sa turat ion.  



Tho wator  t a b l e  i s  no t  l eve l  dub t o  var ia t ions  of s t r a t a  
in  t h e  subsoi l ,  v a r i a t i o n s  i n  topography and r s l a t i v e  elevcltion 
of t h o  sourcos and o u t l e t s  o f  t h o  ground vmtor. It wus encount- 
orod w i th in  tvrorky f s o t  of t h e  surfnco o-r" t h e  f l a t  at t h e  base of 
tho rocky s lopes  a long t ho  southvostorn boundary. ( ~ o o  char t ) .  
Tho mois t  a roa  i s  c a s t  of t h i s  whi1.c tho vary  dry holos  oocupy 
t h o  eas t -con t ra1  por t ion  o f  t h e  a r m .  

The movomont of  wate r  i n  lloavy clays, koavy sandy oluys, 
n?id heavy s i l t y  clays i s  very slow. A hole borod t o  tho  vmtm 
t a b l o  i n  s o i l s  of t h i s  natuuro will t s k o  o. c ~ r i : i d o r i ~ l y  longor 
tim t o  f i l l  t o  the ground -ir&or lovol  than ..all1 holos i n  more 
permoatlo s o i l s .  Therefore, thc itiater tnblo  ~ns dotormined most 
nccumkcly ii: t h o s ~  t o s t  holos containing s t ~ a t a  of freo draining 
ma to r i a l  such a s  l o ~ a s .  Savcral  holo :, in tk.. xois t  a r e a  w r o  
chucked tvro o r  t h r co  d ~ y s  af ' tcr  they \;or\ dr:. '!.lad tJub no water 
fias found. I n  most c ~ s n , s  thosc  t e s t  holos !I; .: pcnotrated t h i c k  
beds of p l a s t i c  c lay  ani muck. 

Thc s o l l s  of t hc  am7 undcr cons i$.ora ;?.on arc hotoro- 
gcneous. Thoy rango i n  t cx tu rc  from loamy s a d s  t? hecLyT clays. 
Thc f l a t ,  i n  which tht:  wa:xr t n b l e  XT.S cncounhrod w i th in  twenty 
foo t ,  i s  R shnllov; trough s loping p11-L2y t o  "he soukhcast. To 
undorsk.nd t h ~  undorground vrctcr f l o w  Lcitte?, a cort;bur nap vms made 
of tho cu;.fczco of tha :.xitor t ab l e .  Surface contours vmro n l so  
drawn so t h a t  a compmison of surface and m t o r  tnblo contours 
nt i n ~ o r s o c t i o n s  could bc ma& t o  dotcrmino t h c  ro la t ivo  dopth 
of t h c  a c t o r  t z b l e  nt t h n t  point. Thc dotted l i n o  from t o s t  
11010 29 through 31 nnd on t o  t h o  baso o f  the rocky s l o p s  shows 
tho probable higH point ia tha  water t a b l e  a t  t h c  timc of tho 
survey. It i s  probzblo t h a t  rsn undorground saddlo of Chin Loc 
mater ia l  joins t h e  opposing rocky slopes cnusing t h i s  h i g h  point  
Tho undorground f low from thcso slopcs splits on tho saddlo, t h o  

, mnjority o f  it flowing south cast tormrd the  Old Oraibi Wash, 
whilo a small  amount flows north. A t  t o s t  holo 34, tho Chin Loo 
formation vns found at  a dopth of scvon foe+; i t s  damruing ac t ion  
probably causing t h o  high water t a b l e  found numbers 30, 31, 
32, 33. The h igh  conccntro..i;ion of s a l t s  found a t  33 indi-  
ca tos  lack of vmator movomont in t h i s  nroa. 

Another m.\lorground flow o f  vrntor drains t h o  northoastorn 
orea  kovmrd tho sou.t;hwost probably s p l i t t i n g  on t h e  saddlo a t  tb 
south ond o f  tho lako. Thorc i s  a l s o  evidence of an undorground 
flow from t h o  rocky slopcs along tho southvsost boundary r s indi- 
cntod by t ho  sloping vintor t z b l e  and low ssalt 'concontrat ion of tho  
vmtor f r o m  t h e  EGW tvcll md t c s t  holc;s 44> 43, ~.nd 42. 

Tho bottom of Tolnni 1 . r . l~  i s  probably scaled ngninst any 
approcic.ble subsurfnco flmr, Thc mnrshy a r m ,  I.ccntod a t  t h o  
south end of tho lakc, i s  subjoct  t o  overflow during flood pcriods. 
It is possible  t ha t  t h i s  adds considorr3ly t o  tho underground flow. 



Tho vory  d ry  a ron  shovm on t h o  chnrt i s  c o v ~ r o d  w i t h  I-.unmloc!::s 
..tv .'.'\. .,. on0 t o  s i x  fee t  i n  he igh t  o f  wind origin,  Thc s o i l  v a r i e s  i n  tcx- 

@. t w o  but  i s  dominantly a c l a y  loam. Considora'ula t r o u b l c  was ox- 
p!?: 
.?. c 

porioncod i n  boring t h o  holos  w i t h i n  t h i s  a r o a  bocauso o f  t h c  cx- 
Gc.toi. pcnotrat  i o n  tho  sub- 

& 

s o i l  ~ m s  obscrvod t o  bo l o s s  than ;no inch pur hour. 

Tho v~:iatcr t ab lo  c r t  t h o  timo of  tho survoy had probc-bly at- 
t a i n e d  i t s  maximum hoight .  Two primary f z c t o r s  account f o r  t h i s  
condit ion;  dormancy of p l a n t  growth and excc:,sivo flood f low from 
t h o  c o n t r i b u t i n g  vrutorshods. Tho t ranspi ra t :  I Qn of ground wator by 
p l a n t s  during t h o  growing poriod tonds t o  l m o r  thu water  tablo ,  
bu t  dur ing t h c  pcricd of d o m n c y  t h o  vmtcr , o ~ p p l y  boaoms groator 
t h a n  t h e  vmtor uso, which rosu1i;s i n  a h i g h -  ivator tnblo.  Bo- 
cause of t h o  l a c k  o i  a v n i l a b l o  in fo rmt ion ,  . ' is c9-G ~ 0 s s i b l 0  t o  
p r o d i c t  t h o  r e l n t i v o  rate o f  ground w a h r  d c .  i c t i m .  This m y  bo 
d o n o b y m c a s u r i n g t h c ~ i c ~ t o r l c v c l  intlmvc;.. ; u s ~ . , l l s  o v o r a  , 
poriod of time. 

The accompmying permeability chart was mado from t h o  data  
o n  severa l  t e s t  holes i n  tho aroa. Each t c s k  hole was plncod on 
t h o  c h a r t  a t  i t s  rcspectivo surface  c ~ o v a t i - J I  a s  found on 5ho con- 
t o u r  map, Tho s o i l  tox tu ros  were gra-';;d i n b o  throe  c l a s s o s  accord- 
i n g  t o  %hair r c l a t i v c  pormcnbility, t h o  pormoablc c l a s s  having loss  
t h a n  20$ clay, semi-pormoable having 20% t o  40% clay, and tho  slowly 

i:3 pormcnblo c l a s s  having 40% o r  moro. I n  m c s t  casos t h o  uppor part 
o f  thc p r o f i l e  gonoral ly  contains t h i c k  lnyors  of pl .ast ic  c1r.y which 
w i l l  t c n d  t o  maintain a constant  wa te r  tablc .  

1.1; would b e  cdvisnblo t o  m i n t n i n  n s  constant  t n t o r  tnb lo  
a s  possiblo i n  orclor t o  e l i m i m t o  t h e  .dangers accompanying a f luc-  
t u a t i n g  sa tu ra ted  zone. Tho heavy p l n s t i c  l a y e r s  ail1 tond t o  
s t a b i l i z e  tho wa tor  tablo .  I r r i g n t i o n  vratcr w i l l  ponotratc thoso 
l ayors  s o  slovrly t h a t  i.t w i l l  probably tdco a numbor of p a r s  to 
r a i s o  t h e  water t a b l e  a n  apprecinblc amount. Suporimposod wator 
tr,blos might dovolop above extensive impcrvi .;us s t r a t a .  

Corroct i n t o r p r o t a t i o n  of  the da t c  obt:~incd from tho  a l k a l i  
anu lys i s  of an a r e a  a f fo rds  n rncans of predicting thc  f u t u r e  o f  an 
a r e a  ~ f t c r  boing ou'oniittcd t o  i r r i g n t i o n  fo r  n fcw y c a r s ~  Tho a l k a l i  
danger o n  tho Tolani  Lakos a r m  i s  n o t  very eminent oxccpt i n  i s o l a t o d  
spots ,  Tho ?:.hole arcn i s  s1ightl.y affcctod b u t  tho s a l t s  a r e  not  ox- 
cossivo and a t  prosent cccusc no p a r t i c u l a r  damgo t o  t h e  vo,ot&ion, 

Eight samplos of t h c  ground vsator worn nnalyzcd f o r  a l k a l i  
s a l t s  . Tho al1:zlli coe f f i c ien t  -rms d o t  ormined and the samples 
classified cs good, f a i r ,  poor o r  bnd. Thc a l k a l i  c o o f f i c i a n t  is 
dofinod as, "tho dopth in  inches  of v a t c r  which on omporn t ion  
would yio ld  s u f f i c i e n t  a l k z l i  t o  rondor a four foot  dopth of s o i l  
i n j u r i o u s  t o  tho most sonsi t i r rc  plantss". (1) 



~ h l y s o s  of thi: ground m t c y  sl~o~iod a .rolrrtivfrly h igh  s a l t  
o o ~ ~ c o n t r n t i o n  in a l l  t h c  sclmplos. Thoy Vii;rC g ~ x o r a l l y  high i n  
s o d i m  and calciunl s u l f n t o s  and ohloridcs. No ind icn t ions  02 blan;;: 
a l k a l i  rroro found, 

Much o f  t h o  a l k a l i  i n  t h o  T,olnni a r c a  hc.s boon introduced by 
flood vrutcr, ar,d has bocn c o n c m t r a t o d  i n  kho lnko and in tho  s o i l  
,through cvapor:;tion. Sumplcs obtnincd from tho O r r i b i  nixi Polacca 
m s h c s  wr=. cxcccdingly high in t o t u l  s a l t s ,  Thcsc woro talcon dur- 
ing t h e  dry sonson rad givo Tory l i t ' t l o  inf'c-mation on t h ~  mount 
of s a l t s  tl.1r.t w i l l  bo i n  tho irrigco..tion vmtcr. Tho t o t a l  s a l t s  
alxt lysis  of  t h c  -hro ~ r a s h c s  should bo lotmr d x i n g  t h o  f l o o d  scnson 
but  w i l l  vnry according t o  t h o  oourco of ell\; flood. Aa u?c havo 
vcry  little available i n f o m a t  ion on t h e  s: 1 : contcnt  of t h o  ~~"3tc.r~ 
of thoso  vmshcs, more d a t a  must bo aocumulc:~ ,?, boforo tho u t i l i t y  
f o r  i r r i g a t i o n  c m  bo dctcrrnincd. 

It may b c  said t h z t  i n j u r i o u s  ri .;ult,: h m  kc? a l l ~ l i  salts i n  
i r r i g a t i o n  v d c r  dopcnd on t h o  t o x t u r o  of ' ~ 1  U' soi l  cad thu  gonornl 
drninc.gc conditions. Any npprcciablc undorgroui~d flow tov?cLrd a 
pormancnt o u t l c t  u i l l  t ond t o  l c s son  t l ic  d;rlgcr from tho  concontra- 
t i o n  of s.ll:ali sal ts ,  Thc colitour nx.? of tilo watcr t a b l e  shavs an 
npprocinblo undcrgroun+ f l w  from this v i c i n i t y  of h o l c  55 tovmri thc! 
Old P--n,ibi !ihshe This 2lnv should bc sufficient t o  drriin this por- 
t i o n  or' t h ~  c.r.c:a and prcivont dmgorous al!wli  acc~~rnulat ion f;f tho 
i r r i g c t i  on asters aro r c l ~ t i v c l y  frco. Thc f i r s t  a l k a l i  t r o u b l e  
w i l l  occur i n  khc b:is jn f o~mcd by t h c  unrlorground saddle and thc 
bcrlch nzar test; holo 34. Horc, tho sa l t  conccntrnt ion i n  klzc ground 
wfitor i s  w r y  h igh  indicat ing poor drablago. 

brioistwo w i l l  movo up\.mrd through hotivy cl:.y'nt &ha rat0 of 
about :L foot i n  tv~ctity four hours. In snndy so i lo ,  moisturo m i l l  
r i s o  dmi!t n f o o t  ia s i x  hours. Moisturo r i s c a  moot r a p i d l y  in 
l i g h t  tc;&-turcd s o i l s  but h ighcr  i n  hcnvy tcc tu rod  s o i l s .  Thick bods 
of p l a s t i c  c l a y  nro q u i t c  common i n  t h o  arl.,: , Noisturo movcmont 
through thcsc bcds i n  u s u a l l y  t o o  slow t o  srpport nc t ivc  p l a n t  
growth. 

Subsurface i r r i g a t i o n  t o  b o  successful' must lcoop tho y a t o r  
t a b l o  at n high l c v c l  bccausc t hc n$.jority of p l m t  r o o t s  food 
c f f i c i c n t l y  only i n  the f i r s t  four f c o t  of s o i l .  Moisturc below 
sovon f a c t  w i l l  ca r ry  dacp rootcd plnnts  ovw a poriod of drouth 
bu t  w i l l  not producc a &odd Crop" 
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