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FOREWORD 

The purpose of t h i s  invest igat ion of land Management Uni* 
No. 2 was primari ly  t o  c l a s s i f y  the s o i l  types, land use, erosion 
u d  s lopes  on a reconnaislsanoe basis and t o  evaluate,  frm these 
data and others, a l l  areas on the bafiis of t h e i r  edaptabil ity t o  
s o i l  and water conservation measures and t o  various phases of 
agr iou l tu re  - g m z i n ~ , ,  dry farming o r  i r r i g a t i o n ,  

Navajo Mountain, the aroa north  and west of t h e  mountain, 
and Navajo arid PiuCe Canyons are v i r t u a l l y  unsurveyed, due t o  
t h e i r  i nacces s ib i l i t y .  Par", r f  these a r ea s  were penetra-tad on 
foot and with pack a m  sadd. animala from a suooes~ ion  on short  
camps, but, due t o  the pres .  ,re of time, the relatlva imp -8s- 
a b i l i t y  of  tho country and the low value of aatim resouroes, 1% 
ms n e i t h e r  p r a c t i c a l  nor desirable t o  map these a r e a s  i n  detai l .  
h a l l  remnants of w r i o u s  s o i l  types may be found in  t h i s  region, 
buk t hey  were marred merely as inalus ions  i n  a region consist ing 
pr inc ipa l ly  of satlrlstone fomations. De t a i l s  visible on a e r i a l  
mosnios and those men  on shor t  t r i p s  were re l i ed  upon t o  furnish  
<.he infoxm~:~ion required t o  compile t he  mape, 

Rotet Detailed surveys of h v a j o  Canyon and of P iu te  Canyon have 
been made. Reports may be obtained from the Seation of 
C o n s e m t i o n  Surveys, 



INTRODUCTION 

knd Management Unit No. 2 i s  looated in  the northrest  portion 

of the Navajo Reservation. The north portion of the Unit Pie8 in San 

Juan County, Utah, and the reminder  i a  squal ly divided bebetmen Nawjo 

and Cooonino counties, Arizona. The Unit  i s  approximately 60 miles 

long and va r i e s  from 5 to 55 miles i n  width. It i s  bounded by such. 

natural  physiographic features as the Colorado and San Juan Rivers, 

the eaetern edge of  No U n v s  Meaa, the western rim of k g i  Canyon, 

the Uoencopi Wash, the eastern slopes of mite &sa and t h e  south rim 

of h'avajo Canyon. It embraces an aren of 1,094,976 aores. 

The survey w a s  begun August 24, 1937 and completed Ootober 6, 

1937 

Accessibi l i ty  of tho Area - - - - - - -  -..----.---- 

The Tuba City-Kayenta primary road t raverses  the southern portion 

of the Unit. This rotrd i s  inadequately maintained and of ten  impassable 

after a heavy storm. Secondary roads extend from Red Lake t o  Insorip- 

t i on  House and from Cow Sprinys t o  Shonto. The south ha l f  of the Unit, 

with the exoeption of portions of Eilack Mesa, i s  reair'.ly aooesefble by 

automobile. Saddle and pack-horses must be rel ied upon for traasporta- 

t ion in the  greater  part of the northern seotions. 

Sohools and Hospitals _--,.- ---- .-. -- . --- 
Two day sohools a r e  looated within the Unit, one at Shonto and 

one a t  Navajo Mountain. The nearest  hospitals are a t  Kayenta and 

T u b  City, both approximately 25 miles outside the Unit. 



Telephones a t  Shonto, Insoription House and Nava Jo Mountain 

are conneoted with the Tuba City exohange. 

The 3 trading posts within the Unit are looated a t  Insor ipt ion 
I 

House, Shonto and Navajo Kowtain, all of which can provide aooommoda- 

t ions  for guests.  Accommodations, guides and equipment for paok t r i p s  

to Rainbav Bridee and other points a r e  available a t  Rainbow Lndg. 

Population -.--. 

Living within the Unit, a r d  dependent upon its productivity, 

are some 915 Indians, oomprisinp, 116 consumption groupa. Several white 

famiB8 l i v e  a t  the trading posts and a t  Rainbow Lodge. 

Nati o w l  Monument - -.. -- - - -- 
Insoriptirjn House National Konunent i s  located within the bit. 

A National Park  Service ranger supervises the ruins, whioh a r e  aooessible 

by autamobile and pack a n h a l .  

Yineral Resouroe s ---- 
'Placer gold i n  small amounts hasbeen  found i n t h e  g r a v e l b a r s  ' 

and. t e r races  along t h e  San Juan River. A t  Zah. :amp, ' miles belm 

the mouth of Nakai Canyon, a plant for washing gravel was installed, 

A s m a l l  amount of gold was taken but :the caxnp was abandoned i n  1909. 

A second camp was ins ta l led  6 miles below Zahn Camp but this was a l s o  

abandoned i n  1 9 9 .  Several other attempts were made along t h e  San 

Juan but a l l  work was stopped by 1912. 

"The gold along the San 1 Jar, i s  extremely f ine  and i s  hewn as 



f l o u r  gold. It ooours throughout t h e  gravels but due t o  t h n  inaccesei- 

b i l i t y  of the region, mining i s  unprofi table.  Small quan t i t i es  o f  gold - 
. - ,  

twenty t o  f o r t y  oents  a ton - are a l s o  said t o  oocur disseminated i n  

the Wingate and Navajo sand stone s . 
It Copper i n  t h e  form of malachite, a zu r i t e  and chrysaoolla has 

been reported a t  a few plaoes impregnating the  Shinannnp oonglamerate 

and sandstones i n  t h e  Chinle formation and Piute oanyons. No deposit8 ,. 

of commeroial value h a w  been disc overed.",^ 

Numerous outcrops of low-trade coal occur i n  the Mesaverdo for- 
I 

mation on Bleck Mesa. 

Topography - . . 

Land Itanagement Unit No, 2, with i ts  deep oanyons, high o l i f f s  

and endless var ie ty  o f  f a n t a s t i c a l l y  eroded rook forms, has unusual 
- 

scen ic  beauty. The topography of t h e  northern port;ion of t h e  Unit 

oons i s t s  of numerous deep, narrow oanyons sunnounted.!,by high,  rounded 

dames and l o f t y  mesas, the wa l l s  o f  which r e w a l  rook sxposures con- 

t inuous fo r  miles. I n  the extreme northwest, hidden by a maze o f  

sandstone h o b s  and domes separated by doep clef'ts, a re  Rainbuw, O w l  

and ZTawkeye na tura l  b r i d p s .  I'he s o l i t a r y  peak of  the  Navajo Mountain 

i n  t h e  north oen t ra l  por t ion of the area r i s e s  thousands of fee t  above 

the surrounding country. The upland surface i n  t h e  south i s  l e s s  

spectecular and i s  oharacterized by exposures of sandstone domes 

lm mesas. Rough, rugged Black Mesa bounds the U n i t  on t h e  south. 



The main physiographic features  of the  Unit a r e  Navajo rdountain, 

Rainbow Brid re,  hl B r i d p  , Hawkeye Bridge, Colorado River, Cummings 

Mesa and numerous canyons i n  t h e  northwest; Piute, Canyon, P i ~ t e  Mesa, 

No k a n t Y  Eesa and Nakai Canyon in  the  northeast; Navajo Canyon t o  the  

west; Klethla Valley and Black Mesa i n  the south and east. 

Drainage - - - - * -  

Land Manapment Unit 'No. 2 i s  well t o  excessively drained a the 

greater  portion of the  Unit drains northward into  t h e  Colorado and Can 

Juan Rivers. The abundance of bare rock surfaoe, with the consequent 

rapid run-off, produces large-volume floods i n  t h i s  region. Light sandy 

s o i l s  in the cen t r a l  portion of the Unit readi ly  absorb moisture, conee- 

quently run-off i s  f a i r l y  law in this area. The steep,  rooky slopes of 

Blaok Mesa are  conducive to  a high degree of run-off and s i l t  production, 

and ax4  .crated erosion of t he  more e a d i 3  osoded s o i l s  of Klethla Valley. 

A h5gn percentage of the s o i l s  of th i s  Unit absorb water rapidly, but  

the t o r r e n t i a l  character of the r a i n f a l l  o f t en  causes exoe ssive run-off. 

Nearly a l l  the drainages :.re intermittent excepf i n  short  s t re tohes  fed 

by springs. A l l  have large drainage basins and a re  per iodical ly  subject 

t o  heavy flood s . 
Climate - 

Climatic records were available from s t a t i ons  a t  Kayenta, Tuba 

City and b e  1s Ferry, a l l  outside the Unit. Reoords taken from t h e  

Kayenta s te t ion  are  probably the most generally applioable . Reoords 

from the Grmd Canyon s t a t i o n  are presented for  compariron. 



The c l iaa te  of the Unit i s  arid.  Temperature reaords show a 

variat icn i n  mean annual temperature of 52.2 t o  61.5 degrees. The 

awrace annual r a n p  i n  temperature a t  k y e n t a  i s  between 2%nd 100oF. 

1935 Tuba City 1040 + 3 O  55 09“ 

1935 LeetsFerry  log0 + l 3 O  6 ~ 5 0  

1935 Kayenta a, 100° +2O 52.2O 

1935 Grand Canyon 6 49.0~ 
- . - _ - . . -  ----- - . * . .. - . - . - - - -.-.C-.- -.- -.-. 

91° 
-. --- 

Prevailing ~ r i n d s  i n  the area are f rom the southwest;. A wind 

atat ion a t  h e ' s  Ferry, immediately outside o f  the Unit boundary, 

recorded an averape annual win6 movement of 2.11 miles per  hour. At 

the seme station, t h e  averap:e annual re te  of evaporation was 88.95 

inches during the years 1921 and 1922. 

Table I1 i s  the precipithtion record observed a t  Tuba C i t y  

over a 29-yegr period. 

TABLE I1 _--_-.- - _ - - - . . -  -- .. - ----- -- -..-... *.- ..-.. -.. - . --  -.-.-_-.---. .- -----.. 
Precipitation - Inohes 

- - - . - - -  - - ---.-.-- - - - . - -  --.--- 
Mininun bf~aximum =rage - 

Month I% - - - -. -- -- - -. -.- 1306 .- - ---- - - - ..--... .... -.- - ----. 
hoembe r -.-@- - - -  2.32 058 : 
January 
February 
March 
April 
May 
June 
July 
August 
Sep tembe r 
Ootober 
November 
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The average length of the growing season i n  the Unit has not 

been recorded, but  rocords a t  the Kayenta, Lee's Ferry and Tuba Ci t ; y  

s t a t ions  vary from 169 t o  237 days. 

Vegetation on Navajo Xoun-tain indicates tha t  the oliuate i s  more 

humid there than elsewhere i n  the Unit; hawever, no climatic records 

a r e  available. . . 

Dates of Ki l l ing  Frost i n  Spring and htLmul  
TABU IV a d  Length of Growing Season -- -- P ...- -- - -------- -- - -- _I_- 

Earl i -  
Av, Date Av. Date Zatest e s t  Date 

Length Last K i l -  F i r s t  K i l -  Date K i l -  Ki l l ing Average 
o f ling Frost l i ng  Frost l ing Frost Frost UnSth 

Record in i n  i n  i n  Growing 
Autumn Season (years) Spring Autumn &ring - - - -  ..-.-- ------.- -_ -- - __. - -.-- .--- - -  . - -  --- C _ - . -  -- l_- 

l s e t s  Ferry 5 Mar.21 Nov.7 Apr. 9 Oot. 26 231 

!bba City 24 Apr.23 Oct.19 aZay 9 Sept.19 179 
-.. - 7--- --- I--)_------ - .. --- --I-- - -- 



Teble V- i s  the precipitation reoord a t  the three stat ions over a 33-year period. 



Aariculture @ 

Range s o i l s  are of primary importance in  Land Management Unit 

No. 2. Of the t o t a l  surface area of the Unit, approximately two-thirds 

might be classed as barren land, a practically inaccessible maze o f  

sandstone knobs and deep canyons. Because of t h e  low annual precipiixi- 

t i o n  and high r a t e  of evaporation, fanning i a  rest;ricted t o  flood- 

i r r iga ted  a l luv ia l  fans o r  other small i r r iga t ion  projeots. 

Agriculture i s  a t  present concentrated in Navajo and Piute Can- 

yons, Shonto Vlash and Klethla Valley. Fanning methods are todny litele 

chmged from those of past generations. Most orops are planted, t i l l e d  

and harvested by hand, and l i t t l e  e f f o r t  i s  made t o  maintain and protect  

t h e  agricul tural  soi l ,  consequently the farm plots are frequently abandoned. 

Cultural Practices* 
----.-.-. - - - 

 he farming methods o f  the people within the Unit are  mostly 

old-fashioned. No large-scale farming i s  found and +he hand methods of 

producing crops are used. In most cases the agrioul tural  orops' are 

j u s t  a s ide  issue and no r e a l  i n t e r e s t  i s  taken in  the arop production. 

Ir a few instances an e f f o r t  i s  being ma3e t o  maintain t h e  farm land and 

pro tec t  it for fu ture  production, but most farms a r e  used j u s t  the tcay 

nature has provided them. 

"1f a gul ly head outs  back through the farm and destroys it, 

the m r  wi l l  move t o  a new loca-tion rather t h m  t r y  to  mainbin the 

old farm. This practice i s  probably more noticeable on t h i s  U n i t  where 

*Agronomy Branoh Report, L. M. U. Nc. 2. 

-9- 



t h e  fanns were smaller and a small three  o r  four ac re  farm would no t  

mean muoh t o  a family v b n  they  could move t o  another plaoe f o r  graving 

their orops. It i s  true,  however, that where i r r i g a t i o n  water  i s  supplied 

o r  where l a rge r  flood i r r iga ted  farmo a r e  looated an e f f o r t  i s  made t o  

oonserve the land. 

"The orops a r e  produced almost e n t i r e l y  by hand. Sometimes the  

land i s  p l m d  but more o f ten  it is not. Plant ing i s  done e n t i r e l y  by 

hand. On t h e  larger  f i e ld s  the horsedrawn blade i s  usad f o r  ou l t iva t ing  

and weeding, but t he  smaller f i e l d s  are cul t ivated with the hoe I In the  

fa l l  the orop is harvested by hand and what is n o t  consumed is stored far 

ACREACE BY CROPS --- -.---- -- -..-------- 

Pasture 

TOTALS 1,097 100 100 

"NO aotual  yield measurements were made on "his Unit; therefore,  



yields. For this reason, these f igures  should by no means be taken as 

d e f i n i t e  material. 

TABU V I I  - - CROP YIELDS 
-_I_- --.- --.I---.--.- -- - - - -  -7-7 - - ---_-". - . . . - -I - *--..- - -.- '--ET"-'- - -  '-. 

Present Average xpecter Average 
C r o p  Produotion 

_I---.- --.-- - --.- L I -  

Produotion ------ .- - 
Corn 11 bu. 18 bu. 
Squash , 1,000 lbs. 3,000 lbs*  
Peaohes 75 bu. 250 bu. 
Beans 150 lbs. 250-300 lbs. 
Alfalfa 1.5 tons 2 tons 
Oats ( for  hay) 1 ton 2 tons  

"1t i s  a very common pract ice o f  the Indians to  go out  i n  the 

spring and plant t h e i r  orops on the land jus t  as  it was l e f t  the previour 

fa l l  a f t e r  harvesting. fl'hen, during the summer, tine crop w i l l  probably 

g ~ t  one o r  two cultivations with the horse-drawn blade or hoe. The crop 

i s  then harwsted i n  the fall and the ground l e f t  u n t i l  the next spring. 

It i s  very evident tha t  t h i s  i s  a sh i f t l e s s ,  lazy way of produoing farm 

orops. The farmers should plow t h e i r  land i n  the f a l l .  Thia will in- 

orease the  moisturo penetration, reduce the  spring run-off, and deorease 

the outworm damage. In the spring, a proper seed-bed should be prepared 

by harrowing, and where the land i s  rough, leveling. In the plant ing 



operation, ins tead of throwing a handful of seed i n  eaah hole, the oorn 

hand-planter o r  a l i s t e r  planter should be used. Both of these are in- 

expensive implements and would soon repay t h e i r  investment. 

"1n t h i s  Unit the crops should ord inar i ly  be planted b e h e n  Apri l  

25 and Kay 15. Just a s  soon as the weeds begin t o  shm up, cu l t iva t ions  

should begin and continue throughout t h e  sunnner. When %he mops are 
1 % 

h a m s t e d  the f i o ld  could *e pastured, providing it is  not stocked t o  

death. The f i e l d  should then be plowed in  the  f a l l  before freezing 

weather s e t s  in." 

1. An extension program i n  cu l tu ra l  p rac t ices  

(a) To improve crops, 

(b) To increase duty of water. 

(o) To improt-e cropping methods. 

(d) . To introduce methods of re ta in ing  water cn  land, e t a *  

EROSION 
,,. -- 

The west and nor th  portions of h n d  Management U n i t  No. 2, w i t h  

t h e  lone dominatinf peak of Navajo Mountain in the extreme north, pre- 

s e n t s  an area of no lml  heavy geologic erosion. High, rounded, olosely- 

spaced domes and deep, m r r m  canyons create  an impression of a barren 

billowy waste of remarkable scenic grandeur. 

The cen t r a l  and southern port ions  of the Unit;, w i th  t h e i r  s o i l  and 

vegetat ive cover accessible t o  man md livestock, are s u s o e p t f ~ l o  t o  

acoelerated erosion. Howover, erosion i n  t h i ~ .  v io in i ty  i s  s l i g h t  a t  present, 

F.W. 377 -1.. 



Zlaov annual r a i n f a l l  and light-textured so i l s ,  in  conjunotion w i t h  

moderate t o  severe overutil ization of the vegetative cover, have resulted 

i n  a predominmce of wind erosion north and eas t  of  Navajo Mountein and 

along the north side of Klethla Valley. P a r t i a l l y  stabilized sand dunes 

are common t o  both -these areas. The en t i r e  Unit 5.8 sueoeptible t o  wind 

erosion. Hovrever, a f a i r ly  adequate cover, a t  present only moderately 

overutilizec!, i s  protecting the readily blown so i l ,  partioularly i n  the 

cent ra l  portion. Localized areas a re  severely ~lind-blown. 

!l%a heavier so i l s  of Klethla Valley, t h e i r  vegetative cover 

severely overutil ized end depleted, are  ravaged by the oonsaquent rapjd 

m - o f f .  Sheet and p l l y  erosion are severe i n  t h i s  area. 

Excessive use has measurably thinned the s t& of plant  speoies 

most valuable for the control of erosion on Blaok Mesa, resul t ing i n  

aocelerated sheet and gully erosion. The inorease i n  run-off i e  ruining 

land and vegetation i n  Klethla Valley below. 

Innumerable skiort valleys throughout the U n i t  are being rendered 

value l e  ss  by gully-head s, g r a d u ~ l l y  extending in to  valuable soil areas  

i n  the v ic in i ty  of Inscription House. 

Erosion varies  d i r ec t ly  with the degree t o  whioh the  vegetative 

cover has been depleted and the surface s o i l  disturbed by stook. Insofar 

a s  low annual re.infal1 w i l l  permit, the s o i l s  of t h i s  Unit w i l l  respond 

readi ly  t o  a range-manacement program. 

The immediate control of numerous gully-heaha invading valuable 

range and agr icu l tura l  s o i l s  i n  the v i c in i ty  of Inscription House and i n  



Klethla Valley i s  reoommended . 
The po t en t i a l  seriousness of f u t h e r  topso i l  l o s e  i n  Klethla 

Vall.ey warrants  immediate meohanical con t ro l  and an i n t e n a i m  revsgeta- 

t i w  program. lo s o i l  i s  highly erod ib le  and the  l o s s  of vegetakive 

oowr  by continued intense  r , r a e i n ~  has accelerated erosion. 

fianhe U t i  l i z ~ t i o n  ---. .- --- . - - - -. -- 
The l o n p v i t y  and v i t a l i t ; l r  of range p l a n t s  are influenoed by the 

mount of avai lable  moisture and the seasonal i n t ens t t y  of graeing whiah 

they receive. 

M s l d  observations ind ica te  t h r ~ t  the Unit i s  oonfiiderably over- 

stocked. Proper o r  underut i l i  zation e x i s t s  only i n  those areas nonnally 

inaooess ible  t o  livestook, which are o f  l i t t l e  range vaiue due t o  t h e i r  

i n a o a e s s i b i l i t j  . l';e over the reminder  of the Unit vnriea frm, moderate 

t o  severs overutili.ntion, depending upon population oonosntration. 

Erosion c o l d i t i o n s  correspond o losc ly  t o  range u t i l i z a t i o n .  Piute 

Mesa and the viainit-y o f  Shonto are noder k.tely o v e r u t i l i  zed, but the p l m t  

aovcr i o  s t i l l  EU "fioiont  tc ~ r o t o c t  s o i l s  otherwiee eaa i l y  oroded by wind. 

Ar r i cu l t u rn l  concan t t l t ion  hnc r 3sulte: l  i n  severe o m r u t i l i z a t i o n  

of' ranee rosonraos i n  Klothla Valle:r, consequeixtly the s o i l  i s  exposed t o  

sewre water  err-aion. 

Proper :Rnp mnnapnent, inclxi in , .  prcpei- numbers and d i k t r i b u t i o n  

of l imst;ock,  ohculd r o w l t  In a ccln3ervitivo use o f  the forage resources 

m J  btop the doet.n~ot,q do ernnion cycle induoed when the s o i l s  lose t h o i r  

p -.oteotiva OOWtorr  
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. L a v  annual p r ec ip i t a t i on  and a high rat:. c f  evaporation l i m i t  re- 

vegotatimt p o s s i b i l i t i e s  i n  U n i t  110. 2. Lack of geta t ion i n  Klethla 

Valley j u s t i f i e s  a r t i f i c i a l  p lan t ing  t c  el iminafe the  c c m l e t e  l o s s  of a 

valuable s o i l  area. Adequate moisture w i l l  al low intensivw t r e e  p lan t ing  

i n  Shonto and Cow S p r i n p  Washes and below k d g e r  Springs t o  prevent 

f 'urther gul ly ing and bank cut t ing.  I~umerous aide canyons i n  the north, 

with t h e i r  productive s o i l  now endangered by extreme overM. l iza t ion  ttnd 

consequent accelerated erosion, m i ~ h t  be f e ~ c e d  a?d revegatated, thus 

oonserving the  s o i l  and eventually inoroasinc the forace reaouross of 

the  Uni t .  

Due considerat ion mst Le eiven vegetative adaptat ion t o  s o i l  

o o n d i t i o n ~  and other  environmental fea tures  1.1 ,111 plan t ing  s i t e r  t o  

insure  6atisfac::ory r e su l t s  from a r t i f i c i a l  plantings. 

Arti f i o i a l  St).-dcture s -. -- -- -. - .. ..- . . - - - -.- --- 

Although a r t i f i c i a l  r e ten t ion  and detent ion struotui-ea ham a 

p lace  i n  the  solut ion of the  eros ion problem on t h i s  hit, it i s  evident, 

from coneiderat icn of the degree o f  p lan t  and 3 0 i l  deple t ion a 1 the oost  

of ccns t ruc t ion  of control measures, t h a t  r e  s t o r a t i on  and mtlintenanoe of 

more near ly  normal surface oonditions a r e  of  paramount importanoe. 

No major re ten t ion  s t ruc tu ros  aro oontomplsted, but s e t s m i  m111 

de ten t ion  s t?  ucturos a r e  j u s t i f i e d  i n  the v i c i n i t y  of  Insor ipt ion House 

and i n  Klethla  Valley. Gully-head control  i s  e s s e n t i a l  i n  both i s ca t i ons  

t o  p ro t eo t  valuable range and ag r i cu l t u r a l  so i l s .  Numerotls o t h ~ r  small 

gully-heads, scat tered '  throughout the  Unit, warrant i m o d i a t e  fittuntion. 



Speoif io  adantation of t h e  Soils  f o r  00nWbT~oti0n purposes i s  die- 

oussed under S o i l  Groups. St ructure  loca%ions are  shown on the attaohed 

map 

SOIIS 

The s o i l s  of  the U n i t  have been systematioally o l a s s i f i ed  in to  

aer ie8 and types according t o  or igin ,  p ro f i l e  oha rao t e r i s t iw  e z d  surface 

fezture .  The s o i l s  have been f 'urther o l a sa i f i ed  aooording t o  land use, 

d o p e ,  erosion and po t en t i a l  adapbabil i ty t o  proper range and ag r iou l t u rd l  

praotioes.  Ten s e r i e s  and 16 types, exolusivc of misoellsvleous rough 

broken and rou;h stony land s w a ,  a re  mapped. 

The major i ts  of t he  s o i l s  or iginate  from sr\ dstone. The inherent 

amif o h a r a o t e r i s t i , ~  of t h e  s o i l s  account for  a high su soep t ib i l i t y  t o  

wind erosion,  and when t h e  plant  covor has been depleted, disturbed and 

modif l e d  by long-continued exoe s sive grazing and trampling by l ivertook,  

severe eroaion i s  inevitable.  

Oencjral Geolo~y  and So i l  Rr 1 stionsliips 

*"The aurfaoe of Rainbow P la to ru  and Segi Meaa is f orwd  lurgely 

by the Navajo asndatone and near lv  complete sect ions  me elposed in 

Navajo and Sm &:an Cenyone. Tf.3 h'avajo sandatone in thie Unit ma the ra  

i n t o  rounded domes, many of  them several hundred feet in height. 

"The Cannel, Entrada and Horrison Comatione fonn patahsr on t h e  

Navajo sandatono in the  v i o i n i t y  oc Navajo Mountai-I and along the edges 

of Cumnings Mesa, and the DaLota fonnation fonns t h o  oap rook of Navajo 

Mountain and Cunrmings Mwa. The Dakota i s  the only Cretaoeoue formation 

+Geology Report, L a M a U a  No. 2, 
-1b 



"1n Navajo Canyon, and in other oanyona in the western part o f  the 

%it, the Navajo sandstone forms the emire w a l l  of tho oanyon, but in the 

eas tern  margin where the Kavajo sandstone thins ,  the Kayenta, Wingate, 

Chinle, Shinarump and Noerqpi f o m t i o n s  are exposed in the w a l l 8  and 

f loor8 of the cmyons. ' 

Formations present in  t h i s  Unit range from the Cutlar formation of 

P e d m  age t o  the Mesaverde fonnation of Upper Cretaoeoae age. The older 

farmationo are oo~:tined t o  the eastern part  of ths U n i t  and a re  axposed 

in the oanyon of the San Juan and i t s  t r ibu ta ry  omyono. The rooks through- 

out the distriot  are dominantly of sandstone, although a i l t s tones  and shales 

are a lso  abundant. The dominant color of the formations i r  red, but graye 

and buffs are also  oommon." 

The greater  portion of the; so i l s  of Unit No. 2 are derived from 

grqyish white to pink Navajo sandstone. From this sandstone, oompoeed of 

mdium-sited rounded quartz grains loosely cemented with cdloium oarbonate, 

originake the coarse-textured, calcareous, e a s l l y  wind-blown Floy, Todilto 

and Kayen%a aoilr:. Thin beds of greenish gray sandy limes.i;one on the foot 

elopes of  Navajo Mountsin give rise t o  the gravelly, highly oaloareoua 

Rainbow aoilo. The hea Ier Conoho s o i l s  develop on alluvium from the 

W o o e  shale of Blaak Meaa and are sex >rely affected by water erorian. 

The Dinnshoteo and Tolani soi ls ,  highly susoeptible t o  wind and water 

erosion, develop on the alluvium f r o m  the  Navajo and a86ooiated sand- 

s t o n e ~ .  Tkoae undiffersnttated s o i l s  developed *om the Manoor rhale on 

the d o p e r  of Blaok Mesa are saaily eroded by water when t h e i r  plrat oovar 



The major portion of the s o i l s  of the U n i t  are typical ly  ooaree-' 

textured, loose, and very susoeptible t o  wind erosion. 

Rssidual s o i l s  oooupy the greater  portion of the area and eonsti- 

trite the be t t e r  olasses of rangelend. The Floy and Todilto s o i l s  are the 

most important of the  f ive residual se r i e s  mapped. O f  the s i x  a l luv ia l  

s o i l s  mapped, postions of the  Concho, Dhmshotso and Tolani are impor- 

b tant agrioulturally. 
.*{ 

The so i l s  have been c lass i f ied  in to  fiwt groups on the  basis of 
t L i  
\ \  range adaptatfon. Their location i s  shorn on the land olass  map. 

The so i l s  of Land Man~igement Unit No. 2 are essent ia l ly  range soils.  

Seasonal moisture i s  the ohief' fackor l imit ing the  density and growth of 

vegetation. Soils vary great ly  in t h e i r  oapaoity t o  absorb and hold mois- 

tu re  f o r  plant  growth, Basio factors  influenotug s o i l  moisture 'and plant  

growbh are  slope, erosion, permeability and waterholding oapaoity of tho 

su -f aoe s o i l  and subsoil, and the oonoentration of water-soluble ealt6. 

Soi l s  in the greater portion of the Unit are readily permeable 

and m k e  maximum use of r a in fa l l  in plant produot ion. However, w i t h  a 

man annual preoipitation of approximately 8.5 inohes and %he pauoity of 

olay t o  s t ab i l i ze  t h e  ooarse-textured so i l s ,  wind erosion i~ alrcays a 

mnaoe 

Group A inoludes s o i l s  which within the l imi t  8 of normal preoipf - 
t a t i o n  are regarded as  exoollent from the standpoint of t h e i r  potential  



Bonito sandy loam 
Conoho sandy loam 
Dinr:ehotso sandy loam 
Dinnehotso olay loam 

Moisture Penetration 

These s o i l s  are readily permeable. However, beoauae of tho torren- 

tial oharaoter o f  some rains, sl ight  run-off may be expeoted, but theso 

moils will absorb a high percentage o f  the moisture. 

Water-holding capaottyt 

All Group A so i l s  have a relat ively high water-holding oapaoity. 

Inherent subsoil oharaoteristics of theae s o i l s  are suoh that moisture 

is  readily available t o  grasses a n d  other plants o f  similar root growth .+ 
.r* 

habit O. 





'a Areas in Need of Meohrsioal Control* 
gq 

I Aotive gull3 erosion 5 miles southwest of the  Insoription House 

Trading Post and 1/2 mile west of the  Tonalea road i s  destroying a valuable 

s o i l  area. hohanioa l  oontrol i s  needed t o  proteot an area of grade A 

s o i l  and a reservoir. 

k d i a t e  oontrol of potentially serious gully-her 1 eroeion i s  

reoommsnded t o  proteot  several aores of exoellent range and agrioultural  

land and t o  ineure t h e  water supply for a reservoir adjaoent t o  the  area. 1 
I 

The area l i e s  4-1/2 miles south of the Insoription House Trading Port mad 
i 
I 

3h mile e a s t  of the  Tonalea road. 

GROUP B SOILS 

This group w i l l  probably produao suff ioient  vegetation t o  oontrol 

aaoelerated erosion within a somewhat longer period of tfme and may have 

a lower ultimate oarrying oapaoity than Group A grazing-land soils.  

/ i Group B grating-land so i l s  have the  following limitationar I 
Slope r 10% o r  less. 

Eroeiont Class 3 sheet, occasional small gull-ies, P t o  S 
wind removal, depending upon s o i l  depths, L 
aooumulat ions. 

Alkali: 0.2 t o  0.3 of 1%. Sl igh t  oarbonatee. 

Drainage: Relatively good, high w-ater t ab le  harmful only i f  
a lka l i  present. 

S o i l  t Moderately permeable; moder~te water-holding eapaoit.~. 

+See Cranoh of Engo Report L e K o U *  No. 2 f o r  detai l r .  



dUWm 

Todilto l o w  sand Conoho sandy loam 
Floy sandy loam .! Dinnehotso sandy loam 
Floy loamy sand Rainbow loamy sand 
Buell l o w  sand ' Kayenta loamy sand 

Moisture Penetration 

in these so i l s ,  w i t h  the.oxoeption of shallow Rainbow l o w  sand. Pol-tiom 

of Conoho sandy loam show evidenoe ~"ispersion, oonsequenfly the subaoil 

annual r a i n f a l l  and a hie;\ ra te  of evaporation are the ohief faotore 

l imiting the moisture oontent o f  these soi ls .  A ehalloa prof i le  mater ial ly  

reduoes the moiafure-holding oapaoity of Rainbow & ~ d y  Iwde 

Vegetative Adaptation 

A good stand of pinon and juniper grows on Floy sandy lorm and 

of gal le ta ,  blue grama, big sage and some yellow brush. Suoh areas i n  

the v io in i ty  of Shonto represent the best range on the Unit. 

Conoho sandy loam and Conoho olay in Klethla Vd ley  now support 

only Rusaian th i s t l e ,  anake weed and som browse. This area olemly  

shows tha t  overut i l izat ion i s  probably one of the mat potent faotors  



oausing aooelerated erosion. 

The Rainbow loamy sand napped on the  loasr  slops8 of Navajo Moun- 

t a i n  aupporta black brush and mixed graasee. 

The wind-blown Kayenta so i l s  are p a r t i a l l y  skabi l i ted by Mormon 

tea and sage, with sparse growths of blaok brush, yellow bruah and snake 

med. Here again may be seen, the olow oorrelation of planf  type with 

aooelerated erosion. 

Todilto loamy sand and sandy loam are protaoted t o  some.extent by 

blue gram, browse and three-awn grasses. 

Extensive stands of  pinon and juniper occur on near ly  a l l  Group 

B residual soils.  

Value of Soi l s  f o r  Construotion Purposes 

The oonstruction value of Group B s o i l s  i e  similar t o  tha t  of 

Group A. Conoho so i l s  should be oarefully investigated p r i o r  t o  any pro- 

poeed aonstruotion, as they are oommonly dispersed and often have a high 

a lka l i  oontent. Lomy sands of Group B should be used only with spacial  

designs, suoh ae linings, out-of9 walls, Frenoh drains, eto. 

The t o r r e n t i a l  o h a ~ a o t e r  of the ra ins  w i l l  maks hsavy damandr on 

the s t ruotures  in t h i s  Unit, oonsequently careful studies of  s o i l  oondi- 

t ions should be made t o  insure successful s t ruotural  design. 

Eroeion -- 
Sheet and gully erosion is  negligible on most of the so i l  area of 

this group. However, meohanioal @reatmmt OL' i solated gul l ies  i 8  warranted, 

parCfoularly on the Conoho sandy laam in Kleth1.1 Valley and on the Dinne- 

hotco sandy loam in the v io in i ty  of  Xneoription Louse, 

F.. h. 388-1 



and f r iab le ,  and suaoeptible t o  wind erosion. 

Gully-heads south and west  of Inscription House should be oon- 

t rol led.  . . 

h a s  in hnmediate Need of Meohanioal Control* 

East  of the old Piute Canyon Demonstration Area near the head of 

Nakai Canyon a small gully-head threatens the eventual lose o f  aevsral 

thousand aorea of goo 

pmvent fur ther  loss within the area. 

Post w i l l  eveaha l ly  destroy t h e  en t i re  valley. Imnadliate oontrol i s  

juitigied t o  proteot seprral  a w e s  of vo h a b l e  a g r i o u l h r r l  imd. 

Mu~lbrous aoattered small @ l i e s  southemet of Shonto, an the north 

s ide of m a t h l a  Valley, are destroying good, rangeland. S d l  earth diksa, -. 

-. 
*See Branoh of Eng, Report; L&U. No. 2 f o r  detai la ,  

.. . . 
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spreaders, eto., are needed t o  control excessive gully-head erosion. 

Preoautions 

Beoause Group B s o i l s  are  predominantly loose and subjeot t o  wind 

aotion, maximwn vegetative oover should always be maintained. 

GROUP C SOILS 

Soils: of Group C are' composed 'of f a i r  rangeland ao i l s  t h a t  may 

require a long time t o  produce sufficient vegetation t o  even p a r t i a l l y  

oontrol aooelarated erosion, 

Limiting faotors established f o r  Group C s o i l s  aret  

Slope; 2% or less. 

Erosiont 3 sheet, ocoaaional deep gully, S wind erosion, 
depending upon s o i l  depth, NL aoolrmulatioae. 

! 
i; Drainaget Fair, high water table  with moderate alkali. 

t 
S o i l  t Fair  permeability, f a i r  water-holding oapaolty, 

susoeptible t o  wind erosion. 

Portion3 of the following s o i l  types are inoluded in Group CI 

RESIDUAL 
UI_- 

Todilto loamy sand 
Floy loarqc; sand 
Floy smdy loam 

Conaho olay loam 
Conoho olay  
Dinnehotso loamy sand 
Dinnehoteo sandy loala 
Dinnehotso olay loam 
Eainbow send 
Tolani  lo^‘ sand 
Kayenta loamy sand 

Moisture Penetration 

Moisture penetration is  moderately rapid In Cnnoho olay loam, 

Conoho olay and Dinnehotso o lay  loam types. The ooarae-textured s o i l s  



of the Todilto, Floy, Dinnehotso, Kayenta and Tolani ser ies  are  readi ly 

permeable. Depth of penetration in Rainbow loamy sand i s  l imited by a 

shallow profile. 

Waterholding Capaoity - 
Coarse textures l imi t  the  water-holding capaoity of t h e  sandy 

tiypes in the Group. Conoho olay loam, Conoho clay and Mmnehotso olay 

loam ham a moderatsly high moisture-holding oapaoity. Some sandy loam8 ex- 

h i b i t  a oomparatively good water-holding oapaoity. A rhalldw profi le  

limitr the  moisture-storage oapaoity of the Rainbor: loamy sand. Low 

r a i n f a l l  l i m i t s  the amount of water available t o  p ~ ~ t s  in dl soils. 

Vegetative Adaptation 

Group C s o i l s  support vegetation similar t o  those of Group Be 

Russian thisCle i e  oommon on the  severely ~vermt i l izad  Conoho eoile in 

Klethla Vallqy. Snake weed, big sage and Mormon t e a  grow on kh6 heavier 

s o i l s  of Blaok Mesa. The overutil ized and consequently wbd-blown Todilto 

and Kayenta loamy sand8 support a sparse cover of yullov braah, bPa& 

brush, blue g rma  a d  snake weed. 

Value of Soi ls  f o r  Canei;ruotion Purposes 

Ths fine-textured and generally dispersed Conoho eoi la  Mth high 

oolloidal  olay and a lka l i  oontent are generillly unsulted f o r  oonstruotion 

purposertm Caution i s  rooommended if the  ooarse-textured sandy so i l s  are 

used in oonstruotion, beoausa of exoessive permeability. 

Erosion 

The hmooky eu.rfaoe of the ooarse-textured aoilo of thiw group 

.- i s  typical. Areas of aotive dune sand ooour north and west o f  Navajo 



Mountain and along Klethla Valley- 

Sheet and gully erosion ooaur on the almost barron Canoho moils 

of Klethla Valley and on the s teep slopes of Blaok Meera. 

D e n ~ d ~ t i o n  in  Klethla Valley, as  a resu l t  of overgrazing and 

aooeleration of erosion, has grea t ly  reduoed the  value of t h i s  area. 

Improvement Program Feasible from a So i l s  Standpoint 

Revegetation of the  severely denuded s o i l s  of Klethla Valley rill 

be slow beoaum of the accelerated stage of erosion lknd low rainfell. 

Water-spreading devioes u t i l i z i n g  run-off from Blaoi Mesa are reoo.mnegded 

t o  hasten reoovery of t h i s  area, 

boovery of a normal s o i l  and p lant  oondition will be slow on 

severely wind-modified areas of the Todilto and Kayenta soils. 

Meohaniaal treatment of gully-head erosiou on t h e  Conoho, Dinns- 

hotso and Tolani s o i l s  i s  jus t i f ied  f o r  the protection of valuable renge 

and agricul tural  6 0 i l 8 e  

Areas in Immediate Need of Mechanical Control* -. - 
A large active gully-hdad a t  t h e  uorth end of Piute Mesa w i l l  e v e n t u a l l ~  

destroy several acres of farmland and -thousands of acres of range. Immsd- 

i a t e  oontrol of the gully-hssd i s  essent ia l  t o  protect  the e n t i r e  v d l e y ,  

Ixnediate oontrol of oeverel gully-heads a t  scat tered l o c a l i t i e s  

in Klethla Valley i s  essantial .  

GROUP D SOILS 

Group D s o i l s  include poor range so i l s  whioh are not expeoted t o  

... 
protboe more than a limited vegetative oover. 

.. . 
*See Branoh of Eng. Report Le?IIeUe No. 2 f o r  de ta i l sa  



The following limi%ationa am reoognizsdt 

Slope t 4% o r  lees. 

Erosiont 4 sheet, 8 deep type gullies, S remvals, N 
aooumulations. 

Alkalir Greater than e 5  of 1% aeutral. 

Drainage t Permanent water' table  6" or  l ean &om ausf aoe, low 
forage value of vegetation. Not a limiting faotos  
in t h h  Unit. 

Soi l t  Lm pemabi l i ty ,  low f e r t i l i t y  or water-holding 
oapaoity. 

Portions of the  following s o i l  types am inoluded in Group Dt 

RES IDUBL 

Todilto l o w  sand Dinnehotao l o q  sand 
Floy loamy sand Kayenta l o q  sand 
St. John's 01w 
Rough broken and rough stony land with intermiftent clover 
of Todilto and Floy loamy sand, eta. 

Moisture Penetration 

Areas of Floy sandy loam, Todilto lomy sand and Kapnta loeuny 

sand, all having a f a i r l y  deep profile, are readily pemsibfer The 

frequent oonurrenoe of barren rock in  the s o i l s  of t h i s  group mater ial ly  

inoreases run-off. The St .  Johnf s olay from whioh most of the topsoi l  

hne been remow' i s  slowly permeable and run-off is  high. 

Water-Holding Capaoity 

The  shallow s o i l s  of t h i s  group, soattered among eapoeuree of 

NavaJ.9 sandstone, have a low water-holding oapaoity. Ths oomoe-ted1~.wd 

Uyenta and Todilto eoi ls  also have a low water-holding oapaoity. 
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growEh of only a sparse vegetat ive cover. P l i g h t  s t a n d  of juniper has 

beoolne es tabl ished i n  t he  s o i l - 2 i l l e d  cracks of extensive bare  rock. 

S a d 1  m a t t e r e d  patches of blue gsama and s. -i .ir muhly ooour on Floy 

sandy loam. 

Value of So i l s  For Construc t i o n  Pu1~mses ---. . .--- ..- . - .. . . - - . * - . . - ,  . .. . . . . . * - .. - .. 
In general, the com:;ruction value of these s o i l s  is low. All 

Erosion -- 
Severe normal geologic e ros ion  and all phases of acce le ra ted  eros ion 

ocour within t h e  Group. 

b Steep slopes, exposed geologic material ,  and loose, ooarse-texturaG 

s o i l s ,  i n  conjunction with excessive erazing, have r e su l t ed  in  severe  

erosion.  

Prosene conditions po in t  t o  t he  necess i ty  of  res to r ing  t h e  plant 

oover and i n i t i a t i n g  hprovenents  i n  range and l ivestook management t o  ' 

r e l i e v e  a r m s  part icule.r ly suscept ib le  t o  erosion. This applies n o t  only 

t o  th i s  group but a l s o  includes por t ions  of other groups. 

Group E s o i l s  a r e  def ined  as s o i l s  and s o i l  mate r ia l s  of praoti- 

oally no p~esen i ;  o r  p o t e n t i a l  value f o r  range purposes, o n  which e ros ion  

con t ro l  w i l l  be imp-actioal. 

The following l im i t a t i ons  are rooomized: 

Slbpe t Greater  than 40"/< o r  barrel: beoause of s l o p .  

Erosion: Severe geologic o r  otherwise destroyed. 



l h x k h ~ r e  - I b - . -  ---- Penetration and Water-Holding Capaoi& ..-........ _ . -  ,_- . ........ ... 

Drainage: Ephemeral lakes (none mapped on t h i s  area) . 
Soil  : Very droughty or  otherwise unfavorable to  any 

type of plant  growth. 

oomplete run- .~ff  and low water-holdin6 oapaoity. 

Ve e ta t ive  Adaptation L-.- -.-. - --*- 

Junipar and pinon take root among the rocks and grow on seeming- 

15- barren geologic material .  Sparae growths of grasses and b r m e  ooour 

i n  scat tered v s a s .  

Erosion -.-- -..- 
Erosion i n  t h i s  group has been classed as geologic. Deep, narrow 

of  na tura l  reservoirs,  springs, e t c .  

AGRIC ZLTb'IUUI SOILS 

Land hnagement Unit No. 2 is primarily adapted t o  grazing, and 

livestock production i s  of  primary importanoe. Cultivated land oooupies 

l e s s  than 0.1$ of the t o t a l  araa, o r  approximately 1095 aoree. 

Moisture and temperature are undoubtedly the chief faotorn l imit-  

ing agrioulture. The limited amount of water available f o r  i r r iga t ion  



confines e.griculture t o  favorably locwbed gully f an8 or  a l luv ia l  valleys . 
kgricu1t;ural c~ncent ra t ions  a re  oentered i n  Xlavajo and Piuke C,\nyons, 

Shonto Wash and portions of Kilethla Valley. 

PotenJ;ial agricul tural  land i s  ~~bundant  and produotion oould ba 

m.aterial1 y inore asod by development and oonservative use of the  available 

water and s o i l  through improved culture,l praatioes . 
As detailed reports are availa'ble f o r  the two l a rger  ag r iou l t r l~a l  

areas i n  Navajo and Piute Canyons, and because %he remaining agrioul tural  

s o i l  areas  are small, scattered a?id consequently unsurvoyed, no accmpt I 6  

made t o  discuss agricultural  80x1 groups i n  t h i s  report. Hawever, the 

adaptabi l i ty  of each agricul tural  type surveyed i s  brief1.y disousssd. 

So i l  types more CIP l e s s  adapted t o  agrioulture em: 

Corcho smdy l o t m  
Co;iciho clay lorsr 
Concho clay 
Dinnehotso loamy sand 
Dinnehotso clay lo rn  
Tolani loamy sand 
Bonito &mdy loam 

Der-*~. a a v e q  unstable i r r i p t i o n  water supply there is m doubt 

t h a t  the acre y ie ld  of agricul tural  s o i l s  co1.1.d be increasede Hmver, 

the  laok of any defini te  basis urnon which average $ields m e  now estlm/lCed 

necessar i ly  preohdes any but senera1 sta-kemmts bearing upon the pobn- 

tial productivity of a given so i l .  #p,rioultural soi ls ,  therefoso, may 

only be tentatively graded u n t i l  a def in i te  comparative bas$& oan be 

established. FoLlowing i s  a tentat ive evaluation of the agriovltural 

s o i l s  from infom'ation obtained by t h i s  survey: 



-*-.--. . ..a*--. . . --- 
Fie ld  l~o."j Basio Grade I Limiting o r  Modifying 

. . -  -. ..-I--- Factors _ - L . . . *.----- - - 
E 

Erosion* 

Grade A - l e s s  than 25% A horizon 
removed by sheet  erosion. 

Gradu B - 25% t o  75% A horizon removed; 
oooasional g u l l i e s  . 

Grade C - blore than 75% A horizon o r  
upper B horizon removed; f r e -  
v e n t  shallow gul l ies .  

Grade D - Reinoval of lovrer B or  C hori-  
zon, frequent deep gu l l i e so  

Moisture Penetrat ion 

Grade 8 - Rapid 
Grade B ' -  Moderately slow 
Grade C - Slow 
Grade D - Very slaw 

Water-Holding Capaoi ty  

Crado A - High, druinage excellent .  
Grade B - Hoderate t c  high, drainage 

goode 
Grade C - Idoderate t o  low, drainage 

f a i r  t o  poor. 
Grade D - Low, drainage poor. 

Alkali . 

Grade A - Of no consequenoe, white, 
l e s s  than 0.2% no oarbonate. 

Grade B - Low, not a f feo t ing  vegetation. 
Grade C - Ho.:~ be high enough t o  limit 

crops t o  more koleraut  p lants .  
Grade D - High, very poor o r  no orops 

possible. 

Whe modifying erosional  f ac to r s  oxe s o t  up f o r  a s o i l  of' moderate 
or* ma-turu developnmt; f o r  a loss developed s o i l  a l i k e  erosional  
c l a s s  i s  ~ r o p o r t i o n a t s l y  l e s s  detrimental  t o  the  i r r i g a t i o n  p o t e ~  
. t i a l i t i e s ,  bu t  it must be renenbered the  zone of h ighest  organic- 
mtitter content i s  l o s t  i n  both instances.  



TABU Xe lI7NER:C DESIGlWIION OF SOIL mPES -- -..-. - - - - ...--_. . , _ _ _ - - - -  -.---- ~ - . - _ I _ -  . - ---. ,.- ..- __ . "__  ..-_.-__ .. . -. -- - - . . -.. . .-. -.. . . . . . . . . . .._.. _ -.. - - ..- . . -..-..-.-- *.- 

Dinmtho%s o 57 v Sandy loam 7 

Clay loam 13 

clay 16 

The combination of a se r i e s  nurnber and a textural  c lass  number 
t 

constitv,i:as a s o i l  -type number. as 55.1 f c r  Concho sand. 

l igricultural  s o i l s  of Land Xmay,ommt Unit Xo. 2 have been graded 

from reconnaissance f i e l d  data into four  groups on the basis o f  i r r iga-  

t i o n  adaptabili ty.  Sasio fao%ors i n  such a grouping are  t h e  c o n d i t i o : ~  , 

. 

of the soll, slope, erosion, alknli ,% and drainage* 

Gro_up& so i l s  have n co~np~ra t ive ly  low water requirement and a 

wide range of crop adaptatior: Conditions a re  excellent f o r  p lan t  

growth. 

Group B so i l s  are those i n  vrhich the physioal oonditions are less -.- -- 
favorable than those i n  Group A so i l s .  Crop adaptation i s  somewhat 

l id . ted ,  water requiremenks higher and the ultimate produotivity under 

the same ou1:cura.l conditions is  lower. Group B agrioul-tural so i l s  are 

olassed as good r u z  i r r iga t ion  purposes, 

Grom C s o i l s  h ~ v e  less  desirable features suah as ex-t;remes i n  -- r -  -. 



texture ,  an a l k a l i  contant t h a t  may l im i t  urop adaptation, s teeper  slopes, 

o r  others t h a t  lover the  product ivi ty  t o  auah a degree t h a t  they are classed 

as f a i r  t o  poor i r r i p . b l e  s o i l s .  

Group D s o i l s  may h ~ v e  excessive slopes, shallow prof i l ea ,  exoessive - -.- - .... 
porosity,  unrec l~ imable  olkt:li conditions and other  fac tors  that c lass  them 

as nonirrigable . 
The follovsinr, s o i l  types e.re b r i e f l y  discussed with reference t o  

t h e i r  ado.pte.biliQ t o  i r r ip ,s t ion and are t en t a t i ve ly  grade2 as A,, excellent;  

B, good; C, f a i r  t o  poor; D, nonirrigeble. 

C O R H O  SOILS 

These s o i l s  a r e  derived from deep alluvium of the Manocss shale 

formations. A Blight ly  cmpaot, oaloareous surfaoe s o i l  and a ompact 

f ine-textured slovrly permeable subsoi l  wi th  v i s i b l e  lime. acoumulation, 
.', 

are cm.on* 

The prodomin~t;ing finer-textured ~ 0 x 1 s  ooour on the l e v e l  f loor  

of  Rle th la  ga l l ey  and the coarser-textured types a re  lcjoated a t  higher 

l eve l s  on the  slcpes.  

The s o i l s  a r e  e.t present ah-os t  barren because of imprc,per use. 

Sheet and gul ly  erosion a r e  ac t ive  on a large port ion of the  area. 

The surfece s o i l  r end i ly  absorbs water but the  subsoi l  i s  slowly 

permeable. The water-holdirg capacity o f  the sandy l o r n  i s  variable,  

but the avere-go f o r  the type is moderate. This o o i l  is  me11 adapted t o  

i r r i g a t i o n ,  but  sub jugation i s  l imited by an insuf'fioienc water supply. 

It i s  r a t e d  a B agr icu l tu ra l  s o i l .  



Conoho c lay  loam ---..- . . - ..-.- 

Subsoi l  cha r ac t e r i s t i c s  a r e  deciding f ac to r s  i n  the grading of 

t h i s  m e .  i~ f r i a b l e  subso i l  p laces  t h i s  s o i l  i n  the B grade, while a 

denso f ine- tes tured subsoi l  places it i n  t h e  C grade. A dense impervious 

subsoi l  is  conduoive t o  a l k a l i  concentra t ion and oonsequent h igh disper- 

s i o n  ra t io .  The major por t ion  of t h i s  s o i l  has a f r i a b l e  subso i l  and a 

low a l k a l i  oontent  and i s  graded Bo 

Conoho olax 

A f ine-textured,  slowly permeable surface  s o i l  and subso i l  char- 

a c t e r i z e  t h i s  - t ype  The speed of water pene t ra t ion  i s  low and t h e  water- 

h d d i n g  oapacity i s  hiph. Extended droughts wou1.d materially a f f e o t  

orops. 'Elith an adqua":, supply o f  i r r i g a t i o n  rmter t h i s  s o i l  should be 

produotive. A low a l k n l i  content ,  sloiv r a t e  of water pene t ra t ion  and 

moderate waiisr-l~oldiny: capacity p lace  t h i s  type i n  the C grad@. 

DIITEEHOTSO SOILS 

The p r o f i l e  i s  chare.cterized by a l t e r n a t i n g  layers  of  sandy loam 

and f ine-textured mater ia ls ,  end exh ib i t s  v e q  l i t t l e  devekopment . The 

surface  s o i l  i s  f r i a b l e  t o  mociern%ely compact, s l i g h t l y  oalcareous, and 

l i g h t  reddish  brown i n  oo!.or. Fine-textured mater ia ls  may l o o a l l y  re- 
I 

s t r i c t  subdrainape axid cause o o n c e n t r ~ t i o n  of a l k a l i  s a l t s .  These s o i l s  

may show a h igh  dispersicx! re.tic b u t  i n  genercl  a l k a l i  and d i spers ion  

a r e  no t  l im i t i ng  factors .  

Tb,e coarse-textured types a r e  susoeptible t o  wind erosion. 

The surfaoe i s  l.cose and f r i a b l e ;  the subsoil  more oompaot and 



s l igh t ly  heavier, The surf~.ce so i l  i s  readily permeable and the waterdm 

, holding capacity i s  re la t ive ly  high. Dinnehotso se.ndy l o r n  I: re11 adap 

to  i r r iga t ion ,  but lack of w a t e r  l imi ts  i t s  u t i l i z a t i o n b  The a l k a l i  con 

ten* i s  generally low .Kith a correspondingly l o w  dispersion re.tio. This 

s o i l  i s  consequently rated an A agrioultural  so i l .  

Dinnehotso clay loan 
-a,--.- ..-- - .-. - -.-.- -*.- 

The surface i s  moderately permeable end the s o i l  haa a high wfxter- 

holding cepacity. Local areos of high clay oontent mey oause a l k ~ l i  oon- 

centration bnd neoessarily put th i s  typ i n  t h e  noxt lovrer grade, bu t  it 

i s  rated as B a g r i c u l t u r ~ l  s o i l .  This so i l  is  well adapted t o  i r r igat ion.  

It w i l l  absorb water more slowly than Group A soi.18 and water-logging and 

resul tant  a lka l i  concentration should be avoided" 

Low annual r a in fa l l  and a high rake of evaporation incraase the 

suscept ib i l i ty  of the coarser-textiwsd so i l s  t o  wind ercsioxl,. An e.dequate 

plan f o r  mind-erosion control, including windbreaks, cover crops, e t c  ., 
should be prep~rod  and i n i t i a t e d  p r io r  t o  subjugation of these s o i l s ,  

Floodc, common -t;o t h i s  lJnit, necessi ta te  s p c i a l  oare i n  con- 

t r o l l i n g  exis t ing gul l ies .  These s o i l s  me s u ~  -3pt ibls  t o  water erosion 

beoause of a f r i a b l e  subsoil. 

Tolnni lomy sand i s  chara.cterized by a l igh t  reddish brown, oal- 

careous, f r i ab le  surface soil .  The subsoil  i s  similar i n  co lor  but  

highly stre,t if iod, with -bh% lime uniformly distributed. The subsoil i s  

predominaatly light-textured. It i s  e. well drained s o i l ,  commonly f r e e  of 



-2'. 0 c l k a l i  ; however , loca l  areas on Shonto lr;ash are  imprognated wi th  a l k a l i  

and h igh ly  dispursed. It i s  su . s ce~ t ib l e  t o  sevors wizi! erosion and has a 

low water-holdinc capacity,  con:;equontly it i s  rated a C ag r i cu l t u r a l  so i l .  

Alkali-impregnamd rind dispersed areas of Tolani loamy sand i n  

Shonto V!ash near Shonto should be avoided both i n  subjugation and oon- 

s t ruc t ion .  

Bonito sandy loam ----.. - . - .-. - . - . .* . . 
A small. area of Bonitc? sandy loam i s  located i n  the extreme south- 

west corner of the  Unit on the lover slopes of Black Mesa. This type a t  

present  supports a good growth of bluo grema and ga l le ta .  

The sur f  ace s o i l  i s  rer.di l y  permeable and the mter-holding oapaoity 

i s  estimated t o  be high. This t y p e  is  v:oll adapted t o  i r r iga t ion .  There 

a permanent supply of i r r igcr t ion water i s  no t  avai lable ,  water spreading 

o r  f lood i r r i g a t i o n  may be prestioed. 

Bonito sandy loam i s  suscept ible  t o  gully-heal arosion. 

SU?OXRY OF FACTORS SIGNIFICAL? TO AGRIClILTW SOILS 

The quanti ty of water f o r  i r r i g a t i o n  i s  one of the  ohief fao tors  

l im i t i ng  fu r the r  agr icu l tu ra l  development i n  Unit No. 2. Agricul tura l  

s o i l s  a r e  generally 3f t h e  b e t t e r  grade; however, the  su soep t ib i l i t y  of 

some typos t o  wind erosion lowers t h e i r  value and neoess i ta tes  protect ive  

memures 

A progrem of education in  the e f f i c i e n t  and conservatige uso of 

i r r i g a t i o n  vrater and t h e  use of improved crop and c u l t u r a l  methods should 



ALKALI 

c: , ~ . ::j . 
*.... . . ...cG.l U k a l i ,  with -the exception of l imited areas, i s  not suf f ic ien t ly  
:Q:$ , , 
.-. E?. .,:.:%I 
g q  ooncent~ated t o  be harmful; ho:~ever,  local  u.reas i n  the T o l w i  sands, 
,Rb 
Y~$. 1 : .&. s . ~ ,  par t icu lar ly  i n  Shon-to Wash near Shon t~ ,  are  impregnated and the s o i l  i s  

c q  dispersed. Suah a con?.ition renders the areas unsuitable f o r  oonstniction .,-..q 
$. ., 32.; 
, . .. .. 

< -4 . . and ~gricu1ture.Z purposes. If any construotion i e  proposed i n  Klethla 
.??:a :q I 

-1; . 
.;..!,: 

Valley the Concho s o i l s  should be more oarefully investigated. Analysis -4 
;. '.f. 
I . ..I 1 .,.--=? . of genero.1 sanples 3.n t h i s  area.sl1ows only a trace of a l k a l i  and a dis- 
" . ., :;;9 .:,:;;;I persion ratio of l ees  than 195; however, these samples were taken. a t  
"'";I <\ ;::j's randurn and merely indicate  a genoral oondition. 
LL.: : .;,q ; j  $q 
. . p ;. fjij ViL:rE OF SOILS FOR COI\JSTRUCTION PURPOSES ii$! . . 

, .: ;1 . . . . 

Thorough s o i l  investigations i n  Shonto Wash and Klethla Valley 

,are rooormnendsd p r io r  to  construction. 

The groater port ion of all s o i l s  i n  Unit Roc 2 may be ooxkidered 

. . nonnal i n  their adaptabi l i ty  t o  s t ructural  uses. 

Tile scopo of t h i s  survey vns suoh t h a t  only a general statomeat 

as t o  struc-Sural adapkability may be ~ i v e n .  It i s  recommepded tha t  

a l l  s t ruo tu ra l  s i t e s  be carefully investigated t o  insure as f a r  as 

possible the safety of the s t ructures  ,, 



Are - 
Land Idanagement Unit No. 2 i s  located i n  the northwest portion of 

the ITavajo Reservation. 

E:ctent -.-.-- 
It comprises 1,094,976 acres, of whioh 372,292 acres a re  olassed 

as inaccessible and barren; 721,507 acres as rangeland; 1,097 aores as 
a p i c u l t u r a l  land. a , ,  . 

Livinc within the Uni-t; We 915 Indians, oomprising . l l6 oommiption 
groups. 

Climatological Data -- ---.--.- .-- -.. . -. . - 
Tho estimbhd annual precipi ta t ion f o r  the Unit is  8.5 inohes; f o r  

Blaok Xountain, 10 t o  12 inches. The length of the ggowl~lg meson varies from 
169 t o  231 days. The e l e m t i ~ n  ranges from 3200 f e e t  a t  the junotion of the 
San Juan and Colorado Rivers t o  10,250 f e e t  atop Navajo Mountain. 

Erosion 

Wind erosion i s  predominant OE the Unit. The extreme north portion 
presents a vas t  area of normal heavy geologio erosion. Sheet and gully 
erosion are common i n  the south, par t icular ly on rough rugged Blaok Mesa 
and i n  Klethla Valley. 

Soi ls  
7 

The s o ~ l s  are primarily derived from sandstone and are ooarse-tex- 
tured. Soi ls  on Dln.ck IIesa ma i n  Klethla Valley a re  largely fine-textured. 

The greater port ion of khe area i s  classed as rangeland. Agricul- 
ture  occupies a very small portion of the t o t a l  area. 

Corn ia the pr incipal  crcp and reprlesents 64% of the acreage famed. 
Other mops a re  squash, melons, d f a l f a ,  beans, a few vegetables and oats. 



TABLE XI .  Analysis of Soil Samples Collected in Land magemnt Unit lo. 2. 1937 

Total  Dis p3r- 
Lsb Field Soil Type 
No KO. Represented 

Salts X?qC03 Sand 811t Clay aion 
Depkh % PoPom* % % % % 

Concho olay 

Floy sandy olay loam 

Concho sandy cLa3- loan 

Concho Cley 

Conoho sand 
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 TAB^ XI (conoluded) 

Total Diaper- 
Field Soil Type 

Sand Si:.t Clay eion *am1 
Tab. Na2C03 % % 

Depth % % No. No. Repre sentcd 
% 

Pop*='* - 
5025 s-37 Floy sand 

5027 S-39 25-38 e02- 82*9 8.0 901 8.3 

5028 S-& Kayerrta sand 0-6 002- 
0 9,O 1.6 0.4 6.3 

5029 S-& 6-12 ,020 0 89.h 2.0 8.6 18.9 i 
12~24 002- O 66.3 2.7 11.0 9.8 

,4 
5030 so* 3 

5031 43 Reinbow s a n e  loan 0-4 .02- T 77.3 1002 12.5 5.5 24.5 \f 

5032 s-L;1; 4-12 -02- 
T 7 2 - C  12,6 15.b 2.3 31.5 

5033 s-45 12 J *02- T 68.4 13.3 17.7 3.8 68.0 

5034 s-46 Dinnehotso ssnd 0-12 .02- 80.6 5.6 13.8 9.5 

5035 s-h? 12-24 *02- 82, 5 12.6 3.6 

5036 s-Jw 24.36 -08 O 82.1; i4..9 12.7 0.6 

*T Tmoe by phanolthalein %eate  
p I goderstoly strong reaoticn by earns teat. pB probably 8.5 





GENESAL CHARAC!L'ERIS!PICS aF SOIL TYPeS I N  L. M. U. NO. 2 -.y grazing land toil Groups. 








