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IDENTIFICATION OF ALLUVIAL VALLEY FLOORS I N  STRIPPABLE COAL AREAS 

OF NEW MEXICO 

I n t r o d u c t i o n  

I n  1 9 7 7 , .  t he  U.S. Congres s   p ro t ec t ed   ag r i cu l tu ra l ly -  

i m p o r t a n t   a l l u v i a l   v a l l e y   f l o o r s   i n   t h e   w e s t e r n  s ta tes  from 

d i s r u p t i o n  by surface mining (U.S. Congress,  1977;' U.S .  

House of Representa t ives ,   1977a ,   b ) .   Guide l ines   re leased  by 

t h e  Region V Office of Surface  Mining (OSM) on  June 11, 

1980 ,   sugges t ed   i den t i f i ca t ion  and s tudy  of a l l u v i a l   v a l l e y  

f loors (AVF) i n  areas of su r face -mineab le   coa l   p roceed   . i n  

three  phases .   Phase I c o n s i s t s  of p re l imina ry  

i n v e s t i g a t i o n s  which  can be  used qu ick ly  t o  d i s t i n g u i s h  

be tween   "poss ib l e   a l l uv ia l   va l l ey  floors" a n d   " l a n d s   c l e a r l y  

n o t   a l l u v i a l   v a l l e y   f l o o r s " .  The o t h e r  two phases   cons ider  

d e t a i l e d   a n a l y s e s  of geology,   hydrology,   biology  and.   land 

u s e  o f   a r e a s   c o n t a i n i n g   p o s s i b l e   a l l u v i a l   v a l l e y   f l o o r s .  To 

expedi te   p lanning   and   rev iew  processes   in   the   S ta te  of N e w  

Mexico, i n i t i a l   ( P h a s e  I )  i d e n t i f i c a t i o n  of " c l e a r l y   n o t  

a l l u v i a l   v a l l e y   f l o o r s " ,   " p o s s i b l y   n o t   a l l u v i a i   v a l l e y  

floors" and " p o t e n t i a l   a l l u v i a l   v a l l e y  floors" was c a r r i e d  

o u t  by the  N e w  Mexico Bureau  of  Mines  and  and  Mineral 

Resources  and  the  Energy  and  Minerals  Department.  Such 

p r e l i m i n a r y   c l a s s i f i c a t i o n   a l l o w s   t h e   s t a f f  of the  Energy 

and  Minerals   Department ,   mine  operators   and  other   involved 

p a r t i e s  time to concent ra te   on   the   bo t tomland  a reas  in- ~ and 

a d j a c e n t  to  mine si tes whose hydro log ic   and   ag r i cu l t r a l  

func t ions   mus t   be   p ro tec ted   dur ing   and   a f te r   min ing  

ope ra t ions .  



Procedures 

Phase I s t u d i e s  were   des igned   t o   eva lua te   t he   su r f i c i a l  

g e o l o g i c   c h a r a c t e r i s t i c s ,   h y d r o l o g i c   c h a r a c t e r i s t i c s ,  

b i o l o g i c   c h a r a c t e r i s t i c s  and l a n d   u s e   c h a r a c t e r i s t i c s   t h a t ,  

q u a l i f y  or d i s q u a l i f y   v a l l e y   f l o o r s   a s   p o t e n t i a l   a l l u v i a l  

v a l l e y   f l o o r s   ( T a b l e  1). T h i s  e v a l u a t i o n   i n c l u d e d   o f f i c e  

review of   ava i l ab le   hydro log ic  and  geomorphic  information  on 

p a r t s  of t h e  San  Juan  and  Raton  Basins wi th  s t r i p p a b l e   c o a l  

r e s o u r c e s ,   a s  well as   f ie ld   reconnaissance   o f   mos t   major  

stream val leys   in   these  areas .   Hydrologic   data   were 

c o l l e c t e d  and analyzed by T.C. Hobbs. F ie ld   work .   involved  

t r a v e r s e s   ( v e h i c u l a r  and f o o t )   a c r o s s   c r i t i c a l   v a l l e y - f l o o r  

and  stream-channel  areas,  and v i s i t s   t o  wells and  gauging 

s t a t i o n s  where  hydrologic   data   have  been  col lected.   Figures  

shown below a r e   p r i n t s  f rom  photographs  of   representat ive 

d ra inages  which  were s e l e c t e d  from  a l a r g e  set  of   color  

slides taken t o  i l l u s t r a t e  t h e  geomorphic s e t t i n g   a t   e a c h  

t r a v e r s e   s i t e .  Once f i e l d  i n v e s t i g a t i o n s   i n d i c a t e d   t h e  

p r e s e n c e   o f   p o s s i b l e   a l l u v i a l   v a l l e y   f l o o r s ,   a e r i a l  

photographs of t h e  a r e a s  were s t u d i e d   t o  map t h e   p o s s i b l e  

e x t e n t   o f   i r r i g a t i o n  and  subi irrigation a d j a c e n t   t o  t he  

modern , s t r eams .   Re fe rences   g iven   a t   t he  end  of   the  report  

a r e   d iv ided  ' i n t o   p u b l i s h e d   r e f e r e n c e s   a v a i l a b l e  i n  major 

~ ~ l i b r a r i e s ,  and unpubl i shed   repor t s  and  communications  on 

f i l e   a t   t h e  Mining  and  Minerals  Division  in  Santa  Fer N e w  

Mexico. 



R e s u l t s  

Dra inages   w i th in   t he   s t r i ppab le  coal a r e a s  of New 

Mexico inc lude   the   San  Juan  River System, La P la t a   R ive r  

System,  Chaco  River  System, Rio Puerco  System, Puerco River 

System,  and t h e  Vermejo River  System (Map 1). Table 2 lists 

the  stream  segments and va l l ey - f loo r  areas v i s i t e d ,   a s  well 

as  the  1:24,000  and  1:62,500 scale quadrangle maps used i n  

the   s tudy .   F igu re  1 shows  monthly  discharge for monitored 

streams i n   t h e   r e g i o n .  

Phase I s t u d i e s   i n d i c a t e   t h a t   a l l u v i a l   v a l l e y  f loors 

a r e   n o t   p r e s e n t   i n  most a r e a s   w i t h   e x i s t i n g  or planned  coal  

mine  operat ions.   There  are   only two a r e a s   i n   t h e  San  Juan 

and  Raton  Basins  where  hydrologic  conditions  are  favorable 

for p resence   o f   a l l uv ia l   va l l ey   f l oo r s .   These   a r e   t he  

va l l eys   o f   l a rge r   pe renn ia l   s t r eams   t ha t   head   i n   a lp ine  

a r e a s  of the   Sangre   de  Cristo, San  Juan  and La P l a t a  

Mountains .   River   val ley  segments   with  potent~ial   a l luvial  

v a l l e y   f l o o r s   i d e n t i f i e d   i n   t h i s   s t u d y   a r e  shown by s o l i d  

l i nes  on Map 1. They a r e   t h e   v a l l e y s  of the  La  P la ta  River 

above La Plata t o  t h e   s t a t e   l i n e ,   t h e  San  Juan  River  above 

t h e  Hogback to Farmington,  and  the Vermejo River  above 

Dawson to Vermejo P a r k .  Water is f ed  t o  these   s t reams by 

p r e c i p i t a t i o n ,  snow melt, s p r i n g s  and seeps  and is s u s t a i n e d  

throughout  the  growing  season. The qua l i ty   o f   water  is 

acceptab le  for p l an t   g rowth ,   and   t he   r eg iona l   p rac t i ce   o f  

f l o o d   i r r i g a t i o n  and s u b i r r i g a t i o n  is c l e a r l y   v i s i b l e .  It 
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should   be   s t ressed   tha t   these   r iver -va l ley   segments   conta in  

r eaches   t ha t   p robab ly   a r e  n o t  a l l u v i a l   v a l l e y   f l o o r s ,   b u t  

d e t a i l e d   s t u d i e s  w i l l  be needed to  e s t a b l i s h   t h e   p r e s e n c e  or 

absence   o f   a l l uv ia l   va l l ey   f l oo r s .  As sugges t ed   i n   t he  

Of f i ce   o f   Su r face   Min ing   d ra f t   gu ide l ines  (7-11-80),  

app l i can t s   fo r   min ing   pe rmi t s   i n  or a d j a c e n t  to t h e s e  

p o t e n t i a l  AVF areas   should   cons ider   s ta r t ing   Phase  I1 AVF 

s t u d i e s   a s  soon a s  possible. 

Two val ley  segments  on Map 1 a r e  marked wi th  a dashed- 

l i n e  symbol.  These  include  the lower reaches  of C a l i e n t e  

and York Canyons ( t r ibu tar ies  to t h e  Vermejo  River) . The 

va l l ey - f loo r   a r eas   con ta in   channe l s  of small p e r e n n i a l  

streams, but  have  not  been  f lood-irrigated  and  do  not  appear 

t o   h a v e   p o t e n t i a l   f o r   f l o o d   i r r i g a t i o n . .  York Canyon 

d i s c h a r g e   p a r t l y   r e f l e c t s  Vermejo  River  diversion for coal 

process ing  a t  the  Kaiser  Mine. Due to  the   h igh   water  table,  

t h e r e  may be short  valley-floor  segments  where limited 

s u b i r r i g a t i o n  of c r o p s  is poss ib l e .   The re fo re ,  these a r e a s  

were not   p laced   in  t h e  " c l e a r l y   n o t   a l l u v i a l   v a l l e y   f l o o r s "  

ca tegory  and they   a re   in formal ly   des igna ted   "poss ib ly  n o t  

a l l u v i a l   v a l l e y   f l o o r s " .  Each a r e a  m u s t  be eva lua ted  

f u r t h e r .  

"Lands c l e a r l y   n o t   a l l u v i a l   v a l l e y   f l o o r s "   a r e  shown by 

dotted symbols  on Map 1. Streams i n  these v a l l e y s  are 

pr imari ly   ephemeral   with local  in t e rmi t t en t   r eaches .   Nea r ly  

a l l  o f   t h e   d r a i n a g e s   i n   t h i s   c l a s s i f i c a t i o n   c a n  be 

c h a r a c t e r i z e d  as inc ised   s teep-wal led   s t ream  channels  with 
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sparse   vegetat ion,   f lowing  in   response  to   runoff   f rom 

p rec ip i t a t ion ,   F lows  are s h o r t - l i v e d ,  and to t a l   suspended  

concen t r a t ions   r each  as  much a s  400 ,000  mg/l (U.S. 

Geological  Survey data from numerous yea r s ;  see r e f e r e n c e s ) .  

There is no ev idence   (hydro logic  or h i s t o r i c   l a n d  use) t h a t  

t h e   v a l l e y   f l o o r s   c a n  be s u c c e s s f u l l y   u t i l i z e d   f o r  

a g r i c u l t u r a l   p r o d u c t i o n   i n v o l v i n g   f l o o d   i r r i g a t i o n  or 

s u b i r r i g a t i o n   p r a c t i c e s .   T h i s   c o n c l u s i o n  is supported by 

unpubl ished  independent   s tudies  by the  Bureau of Land 

Management and S o i l   C o n s e r v a t i o n   S e r v i c e   t h a t  re la te  

d i r e c t l y  to a g r i c u l t u r a l   l a n d  u s e  i n   t h e  San Juan  Basin 

( i .e .  i d e n t i f i c a t i o n  of  prime  farmlands and soils s u i t a b l e  

for i r r i g a t i o n ,   a s  well as a l l u v i a l  v a l l e y   f l o o r s ) .  

I n v e s t i g a t i o n s   i n   S p e c i f i c   D r a i n a g e s  

San  Juan  River 

The San  Juan  River   System  includes  the San Juan  River 

i tself  and t h e  Shumway and Westwater Arroyos  in   the 

Fru i t land   (Kf)  Coal F i e l d  (Map 1). The  San  Juan  River (Map 

2 )  h a s   b e e n   c l a s s i f i e d   a s  a " p o t e n t i a l   a l l u v i a l   v a l l e y  

f loor",  as discussed e a r l i e r .  Farming a c t i v i t i e s  and 

ex tens ive   i r r iga t ion   sys tems  (e .g .   Farmers   Mutua l   I r r iga t ion  

Ditch and Jewett Val ley   Di tch)  are c l e a r l y   v i s i b l e   ( F i g u r e  

2; Map 2 ) .  
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Shumway and. Westwater Arroyos   a re   ephemera l   (except   for  

waste water   discharge from the  San  Juan Power P l a n t ;   F i g u r e  

3 ) .  The a r royo   channe l s   a r e   deep ly   i nc i sed  and g e n e r a l l y  

f r e e  of vege ta t ion .  Due to t h e  waste water discharge  f rom 

t h e  San  Juan Power P l a n t ,   t h e  water q u a l i t y   c a n   n o t  be 

e v a l u a t e d   e f f e c t i v e l y .  Water q u a l i t y   r e c o r d s   i n d i c a t e  t o t a l  

d i s s o l v e d   s o l i d s  as  h i g h   a s  9 ,600  mg/l and pH a s  low a s  2.7 

(U.S. Geological  Survey, 1 9 7 9 ) .  Water supp l i ed  to farming 

a c t i v i t i e s  a t  the  lower end  of t h e  Shumway d ra inage  comes 

f r o m   i r r i g a t i o n  f ac i l i t i e s  along  the  San  Juan  River   and  not  

from t h e  Shumway watershed. These f i e l d   a r e a s  are included 

i n   t h e   p o t e n t i a l   a l l u v i a l   v a l l e y   f l o o r   a r e a  of the  San  Juan 

River  (Map 2 ) .  

La Plata  River 

Streams  within  the upper F r u i t l a n d  ( K f )  coal f i e l d  

a long   the  L a  P l a t a   R i v e r   d r a i n a g e   i n c l u d e  the  L a  P l a t a  

River ,  Murphy and McDermott Arroyos  and  Cinder  Gulch.  The 

L a  Plata River  is a p o t e n t i a l   a l l u v i a l   v a l l e y  floor (Map 3 ) .  

Discharge   records   for   the  La P l a t a   R i v e r   a t   F a r m i n g t o n  and 

t h e  Colorado-New Mexico S t a t e   l i n e  show pe renn ia l   f l ow a t  

both ' s t a t i o n s .   A g r i c u l t u r a l   a c t i v i t i e s  are p r e s e n t  

throughout   the L a  P l a t a   v a l l e y   ( F i g u r e  4 )  and a 

we l l - e s t ab l i shed   i r r iga t ion   ne twork   ex i s t s   ( e .g .   P ionee r  

Ditch,  Highland  Park  Ditch,  Greenhorn Di tch  and Cunningham 

D i t c h ) .  



McDermott, Cinder  Gulch  (Figure 5 )  and Murphy Arroyos 

a r e  ephemeral t r i b u t a r i e s  t o  t h e  La P la ta  system.  The 

streams are inc ised ,   s teep-wal led   channels   wi th   sparse  

vege ta t ion ,   f lowing   on ly   in   response  to runoff  from 

p r e c i p i t a t i o n .  No i r r i g a t i o n   p r a c t i c e s   e x i s t   a l o n g  any of 

the   t h ree   d ra inages .   Wate r   w i th in   t he   a l luv ia l   aqu i f e r  is 

a t  a depth  of  about s i x  feet .  Water q u a l i t y  is poor,   with 

t o t a l  d i s o l v e d   s o l i d s   r e a c h i n g  as high as 1 2 , 0 0 0  mg/l 

(Western Coal Company, 1980).  

Chaco  River 

The Chaco  River  System  includes  drainages  within  the 

Navajo  (Kf),  B i s t i  (Kf) , Toadlena (Krnv) , Hogback (Kmv) , 
Newcomb (Kmv), Standing Rock (Kmv) , Chaco  Canyon (Kmfu) , and 

S t a r  Lake (Kf) coal f i e l d s  (Map I; Table 2 ) .  All streams 

. are   ephemeral ,   f lowing  in   response to  runoff  from 

p r e c i p i t a t i o n   ( F i g u r e s  6-13) , except  for t h e  main stem of 

t h e  Chaco  River  below  the  Four  Corners Power P l a n t ,  which 

has  a waste water base  flow of about  30 c f s  (U.S. Geological  

Survey  data) and a s h o r t   i n t e r m i t t e n t   r e a c h  a t  the  west  edge 

of Chaco  Canyon. Most streams are i n c i s e d  10  f e e t  or more. 

Total suspended sediment is normally  above 30,000 mg/l, and 

has  been  reported a t  t en  times t h i s  amount. Total  d i s so lved  

so l ids   average   about  300 mg/l. Wate r - con t ro l   s t ruc tu res   i n  

t h i s  a r ea   i nc lude   sp reade r  d ikes  and check dams. T h e r e  is 

no e v i d e n c e   t h a t   f l o o d   i r r i g a t i o n  is now being  used or has  

been  used on  a r e g i o n a l   s c a l e  i n  t h e  r e c e n t   h i s t o r i c   p a s t .  
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Small plots of "dry  land"  farming  have  been  observed 

(commonly less than  one acre) ,   bu t   these   genera l ly   depend 

upon p r e c i p i t a t i o n  and hand-carried water from wells r a t h e r  

t h a n   i r r i g a t i o n   a s  a water source. There are a few a r e a s  

where  farming is being  conducted  along  Escavada Wash and 

Chaco River where   sha l low  a l luv ia l  or deeper  ground water 

wells a r e  used t o   o b t a i n  water f o r   i r r i g a t i o n .  

For t h e  most pa r t ,   wa te r sheds   w i th in   t he  Chaco River 

sys t em  a re   no t   ab l e  to  d e l i v e r  enough  water t o  s u s t a i n  

s i g n i f i c a n t   a g r i c u l t u r a l   a c t i v i t y   d u r i n g   t h e  growing season. 

For example, De-Na-Zin Wash, loca ted   south   o f  B i s t i  Trading 

Pos t ,   has  a dra inage   a rea   o f   184   square  miles. Water 

r e c o r d s   f o r   t h i s   d r a i n a g e   i n d i c a t e   t h a t   f l o w s   v a r y   i n  

frequency and in t ens i ty ,   w i th   l ong   pe r iods  when no flow of 

water is recorded. From October  1978, to  September  1979, 

t h e  De-Na-Zin gaging   s ta t ion   recorded  a to ta l  d i s c h a r g e  for 

the  watershed  of  8992  acre-feet .  Between April  and 

September, 3165 a c r e - f e e t  was discharged.  Of 3165 a c r e - f e e t ,  

2650 acre-feet   occurred  during  the  middle  of  August  and  474 

acre- fee t   occur red  i n  J u l y .  From April 15  through  July 2 

(79  days) , 2 1  ac re - f ee t   o f   d i scha rge  was recorded ,   occur r ing  

e n t i r e l y   d u r i n g   t h e   l a s t  week i n  May. No flows were 

recorded i n  June  and  September. From t h i s   d a t a ,  it is 

e v i d e n t   t h a t   a g r i c u l t u r a l   a c t i v i t i e s  would r e q u i r e   s t o r a g e  

f a c i l i t i e s  €or water to  sus ta in   c rops   th rough t h e  h igh  

s t r e s s   p e r i o d s   s u c h  as no f low  per iods  which occurred  during 

June and September.  The  expense of s t o r a g e   f a c i l i t i e s  would 

probably  outweigh  the  viabi l i ty   of   farming i n  these a reas .  

8 



Puerco  River 

Streams i n   t h e  Gallup (Kmv) coal f i e l d   i n c l u d e   t h e  

Puerco River,   Defiance Draw, Burned Death Wash, Tse Boni ta  

Wash, t r i b u t a r i e s  to  T s e  Boni ta  Wash, Coal Mine Wash, 

t r i b u t a r i e s  to Coal Mine Wash, Coal Mine Drainage,  and  the 

e a s t  and west forks  of Catalpa Canyon ( F i g u r e s  1 4 - 1 6 ) .  

Except for   Puerco  River and par t  of  Coal Mine Drainage, 

s t r eams   i n   t he  area are   ephemera l ,   wi th   deeply   inc ised  

channels .   Total   suspended  sediment   in   the  northwestern 

ephemeral   drainages is reported  between 10 ,000  and  90,000 

mg/l, and to ta l  d i s so lved  solids are   about  250 mg/l (Carbon 

Coal Company, 1979,  1980,  1981;  Pittsburg  and Midway Coal 

Company, 1981).  No f l o o d   i r r i g a t i o n  practices were  found 

along  the  ephemeral   drainages,  and with  s t ream  channels  so 

deeply   inc ised ,  it is d o u b t f u l   t h a t  any  flood or 

s u b i r r i g a t i o n   c o u l d   e x i s t .  

Coal Mine Dra inage   f lows   in te rmi t ten t ly   f rom  spr ings  

and seeps along  the  channel .   The  channel  is i n c i s e d  

d i scon t inuous ly   a s   an   a r royo ,   bu t   l oca l ly  t h e  channel  is 

capable  of overbank  f looding  and  diversion to  small (less 

than 1 0  acre) f i e l d s .  No d i s c h a r g e   r e c o r d s   a r e   a v a i l a b l e .  

Water a n a l y s i s   r e p o r t s   i n d i c a t e   t h e   q u a l i t y  is poor,  having 

t o t a l   d i s s o l v e d   s o l i d s  i n  the  neighborhood of 4000 mg/l. 

S u l f a t e  (504)  and Sodium (Na) concen t r a t ions   a r e   ex t r eme ly  

high (Amcoal, I n c . ,  1978,  1979, 1980) .  

9 



The Puerco River was a major  ephemeral  drainage  prior 

to opening  the  Church Rock uranium  mines.  The  Puerco  River 

became pe renn ia l  w i t h  base flow dependent upon  mine 

dewatering a t  t h e  Church Rock mines  and  sewage t r e a t m e n t   a t  

Gal lup.   Present ly ,  t h e  Puerco River  has a base flow of 

about 3 . 0  c f s  and  peak f lows occur between December and 

March (U.S. Geologica l   Survey   da ta ) .   Water   qua l i ty   records  

a r e  scarce, but   ep isodic   moni tor ing  by t h e  N e w  Mexico 

Environmental  Improvement  Division  shows a l a r g e   v a r i a t i o n  

i n  water q u a l i t y ,   p a r t i c u l a r l y   a f t e r   t h e   t a i l i n g s   s p i l l  from 

t h e  Church Rock area (Gal laher  and Goad, 1981).  No evidence 

o f   i r r i g a t i o n  or s u b i r r i g a t i o n  was found  along  the  Puerco 

River  near Mentmore. 

Rio Puerco 

The L a  Ventana (Kmv) c o a l   f i e l d  is w i t h i n   t h e  R i o  

Puerco system.  The Rio Puerco is intermit tent  i n   t h i s   a r e a ,  

as are some t r ibu tar ies   f rom  the   eas t .   Divers ions   have   been  

used   fo r   i r r i ga t ion   i n   t he   pas t ,   bu t  none is used now. The 

Rio Puerco is inc i sed  up to  35 f e e t ,  and  most t r i b u t a r i e s  

a r e   i n c i s e d  as well. An a l l u v i a l   w a t e r   t a b l e  ex i s t s  j u s t  

below the  stream  bottom, w i t h  to ta l  d i s s o l v e d   s o l i d s  of 1800 

mg/l (Mining and Minerals   Divis ion,   1980,   1981;   Ideal  Basic 

I n d u s t r i e s ,  1980,  1981) ,   but  t h e  v e r t i c a l   d i s t a n c e  from  the 

v a l l e y   s u r f a c e  to  the  s t ream  bot tom  precludes  any  type  of  

s u b i r r i g a t i o n .  
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The Arroyo Hondo, San  Pablo  and  San  Miguel  drainages 

can be cons ide red   i n t e rmi t t en t ,   de r iv ing  the i r  flow  from 

p r e c i p i t a t i o n ,  snow melt and seepage. All t h r e e   d r a i n a g e s  

have   deep ly   i nc i sed   channe l s   ( a t   l ea s t  20 f e e t ) .   N a t u r a l  

f l o o d   i r r i g a t i o n   d o e s   n o t  occur in   t hese   d ra inages .  One 

land owner pumps water from t h e  San  Miguel  drainage t o  the 

v a l l e y   s u r f a c e   f o r   c r o p  use; b u t   t h i s  is  no t   cons ide red  a 

n a t u r a l  or grav i ty - f ed   i r r i ga t ion   sys t em.  N o  d i scha rge  or 

' w a t e r   q u a l i t y   d a t a   a r e  available fo r   t hese   d ra inages .  

Arroyo - Balcon is an  ephemeral  drainage. No d i scha rge  

or water q u a l i t y   r e p o r t s  were found. However, t o t a l  

suspended  sediment is thought   to  be h igh   dur ing   f lows   in  

response to  runoff   f rom  prec ip i ta t ion   events .  A few stock 

t a n k s  ex is t  in   the   watershed ,   bu t   normal ly   they  are dry.  

Vermejo River  

Dra inages   in   the   Raton   coa l   f ie ld  are p a r t   o f  the 

Canadian  River  system  and  include  the  headwaters  of the 

Canadian  River,  Vermejo River ,  York Canyon, S a l y e r s  Canyon, 

Chimney Canyon, C a l i e n t e  Canyon,  Sawmill  Canyon,  Gachupin 

Canyon, S a l t p e t e r  Canyon, Spr ing  Canyon, Dawson Canyon, 

D i l l o n  Canyon, Raton C r e e k ,  and Po ta to  Canyon. Vermejo 

River is considered a p o t e n t i a l   a l l u v i a l   v a l l e y   f l o o r  (Maps 

1, 4 ,  5 , Figures  17-22) .  
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According to flow  records,  Vermejo  River is pe renn ia l .  

Water q u a l i t y  is good,  having to ta l  d i s s o l v e d   s o l i d s   o f  

about  200 mg/l.  Suspended  sediment  in  the base flow is 

genera l ly   about  30 mg/l whi le  storm events   produce much 

higher   concentrat ions.   Approximately  85  percent  of a l l  

d i scha rge   occu r s  between May and September from 

p r e c i p i t a t i o n  and snow melt  (U.S. Geologica l   Survey   da ta ) .  

I r r i g a t i o n   p r a c t i c e s  were  employed i n  the   pas t ,   bu t   none  was 

opera t ing   in   1980  (F igures  17  and 1 8 ) .  

Discharge   in  York Canyon and C a l i e n t e  Canyon appa ren t ly  

is i n t e r m i t t e n t  w i t h  pe renn ia l   r eaches   (F igu res  1 9 - 2 1 ) .  

Water q u a l i t y  is good; t o t a l   d i s s o l v e d  solids average  about  

280 m l / l  (Kaiser  Steel  Corporat ion and  Mining  and  Minerals 

Division,  1980).   Discharge  records  are  poor  for  the York 

Canyon dra inage  and v i r t u a l l y   n o n e x i s t e n t  for C a l i e n t e  

C.anyon. A c t u a l  s t ream  discharge  computat ions were n o t  p a r t  

of t h e  p r e s e n t   s t u d y ,  so no conc lus ive   i n t e rp re t a t ions   can  

be made concerning t h e  s t r eams’   po ten t i a l  to suppor t  

s i g n i f i c a n t   a g r i c u l t u r a l   a c t i v i t y .   S t r e a m   c h a n n e l s   a r e  

incised a s  much a s  1 0  feet below the   canyon   f loo r s   (F igu res  

18-20).  Appreciable  amounts of v e g e t a t i o n   l i n e  t h e  

channels.   Because  f low  occurs a t   l e a s t   i n t e r m i t t e n t l y  and 

wa te r   qua l i t y  is h igh ,   t he re  is a p o t e n t i a l   f o r  

s u b i r r i g a t i o n   a t   l e a s t .  F u r t h e r  i n v e s t i g a t i o n   n e e d s .  t o  be 

conducted to v e r i f y   i r r i g a t i o n   p o t e n t i a l ,  

1 2  



A l l  other dra inages   in   the   Raton   Coal   F ie ld  (KTvr) have 

been c l a s s i f i e d  as "areas c l e a r l y   n o t   a l l u v i a l   v a l l e y  

f loors" .   These   inc lude   Sa lyers  Canyon, Chimney Canyon, 

Sawmill  Canyon,  Gachupin  Canyon, S a l t p e t e r  Canyon, Spr ing  

Canyon, Dawson Canyon, D i l l o n  Canyon (F igure  22), Raton 

Creek, Canadian  River Canyon and P o t a t o  Canyon dra inages .  

With t h e  exception of Potato and  Canadian Canyon d ra inages ,  

a l l   o f  these streams are ephemeral.  Alluvium is extremely.  

t h in   i n   p l aces   a long   ' t he  stream channels  and stream channels  

a r e  c u t  into  bedrock i n  some a reas .   F lood   p l a ins   l oca l ly  

are less than 50  feet  wide.  Water q u a l i t y   r e c o r d s  for t h e s e  

s t r eams   a r e   no t   ava i l ab le ,   bu t   p robab ly   t he   qua l i t y  is f a i r .  

Discussion  of   Special   Problems 

Appl ica t ion  of the s u g g e s t e d   c r i t e r i a  for i d e n t i f y i n g  

a l l u v i a l   v a l l e y   f l o o r s  encounters spec ia l   p roblems  in  N e w  

Mexico. These  include (1) t h e  a c t u a l  amount of water  needed 

far crops  compared  with t h e  two-acre-foot  suggested 

c r i t e r i o n ,  (2 )  ob ta in ing   water   r igh ts   for   deve lopment   o f  

p r e s e n t l y   u n i r r i g a t e d   l a n d ,  ( 3 )  changes i n  stream regime due 

to   o ther   deve lopment   in   the  area (i .e.  uranium mine 

dewater ing) ,  and ( 4 )  minimizing  dis turbances to t h e  

hydrologic   balance on and o f f  mine sites, whether or not   an  

a l l u v i a l   v a l l e y   f l o o r  is involved. 
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The two acre-feet   of   water   per   acre  c r i te r ion  d i scussed  

i n  t h e  AVF g u i d e l i n e s  may be  adequate  if  t h e  i r r i g a t i o n  

system  employed is o p e r a t i n g   a t   n e a r  1 0 0  p e r c e n t   e f f i c i e n c y .  

However, few systems  operate a t  1 0 0  p e r c e n t   e f f i c i e n c y .  

S p r i n k l e r   i r r i g a t i o n   s y s t e m s   , n o r m a l l y   o p e r a t e   a t   a b o u t  65 

p e r c e n t   e f f i c i e n c y ,  and f l o o d   i r r i g a t i o n   d i t c h e s   o p e r a t e   a t  

about 30 pe rcen t   e f f i c i ency  (S.P. N e v i l l e ,  1981, w r i t t e n  

communicat ion) .   Unimproved  f lood  i r r igat ion  di tches   can be 

expected to o p e r a t e   a t  a l e s se r   e f f i c i ency ,   depend ing  upon 

the   evapora t ion  and i n f i l t r a t i o n   c h a r a c t e r i s t i c s   o f   t h e  

s t r u c t u r e s .  Thus,’ fo r   a l f a l f a ,   8 .3   ac re - f ee t   o f   wa te r  would 

have t o  be d ive r t ed .  Corn  and o ther   c rops  would r e q u i r e  

approximately 6 ac re - f ee t  of water .  

Cons t ruc t ion   of   s t ruc tures   to   s tore   water   could   enhance  

t h e  amount a v a i l a b l e   f o r   i r r i g a t i o n  i n  marginal  areas.’  

However, s to rage  o f   wa te r   fo r   i r r i ga t ion   r equ i r e s  a permit  

from t h e  S ta te   Engineer   for   cons t ruc t ing  s t ructures  and 

appropriat ing  water  (New Mexico S t a t u t e s ,  1 9 7 8 ) .  The 

persons  involved would  have to a c q u i r e   e x i s t i n g   w a t e r   r i g h t s  

elsewhere i n  the  hydrologic   basins   (San  Juan and Raton) .  

For t h e  most p a r t ,   t h e s e  r i g h t s  e x i s t  along  the  major 

perennia l   s t reams which  would have more p o t e n t i a l  for 

product ive  agr icul ture   than  marginal   lands  a long  ephemeral  

channels .  

As the   p resent   d i scharge   a long   the   Puerco   River  

i n d i c a t e s ,   f u r t h e r  mine dewatering and  community  development 

i n  the  region  could  change’many  streams  from  being  ephemeral 
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t o  i n t e r m i t t e n t  or perennial .   This   change  in   f low regime 

amid a f fec t  t h e   c l a s s i f i c a t i o n  of the   s t reams and make 

i r r i g a t i o n  or s u b i r r i g a t i o n  possible. However, t h e   q u a l i t y  

of mine  water is n o t  p a r t i c u l a r l y  good (Gal laher  and Goad, 

1981) and use permi ts  would s t i l l  have   t o  be obta ined  

because  the  water   has   a l ready  been  appropriated.  

P r o t e c t i n g   e s s e n t i a l   h y d r o l o g i c  f u n c t i o n s  and 

maintaining the hydro log ic   ba l ance   i n   d ra inages   d i s tu rbed  by 

surface mining   pose ,   severa l   d i f f icu l t   p roblems.  The 

hydrologic   balance  and  funct ion of spec i f ic   ephemera l  

s t reams  are   poorly  understood.   Maintenance of a n   a l l u v i a l  

aquife.r  upstream  and  downstream  from a mined a r e a  may be 

impossible dur ing   the   -per iod   of   min ing ,   bu t  t h e  system may 

r e t u r n  to  nea r   base - l ine   cond i t ions   a f t e r   min ing   ceases .  

Transport   of  water and sediments  through areas d i s t u r b e d  by 

mines must be main ta ined   in   o rder  to  ba lance   base- l ine  

c o n d i t i o n s  downstream. T h i s   i m p l i e s   t h a t  r u n o f f  and 

sediment  production  from mined a r e a s  may n o t  need t o  be 

minimized  and t h a t   w a t e r   q u a l i t y  may not  need to  be  upgraded 

beyond tha t   p roduced  by the natural   system. 
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Table 1. Guideline Criteria Indicat ive  of   Alluvial   Val ley  Floors  

Surf ic ia l   Geologic  Criteria 

1. Al luv ia l   va l l ey   f l oo r s  are under la in   by   near ly   hor izonta l   depos i t s   o f  
gravel,  sand, s i l t  and c lay  which are deposited  by  streams. 

2. An a l l u v i a l   v a l l e y   f l o o r  i s  coursed  by a bankfull   channel a t  least 3.0 
feet wide  and 0.5 f e e t  deep. 

3. Valley  width is grea te r   than  50 f e e t .  

4 .  Low ter races  and d i s t a l   p o r t i o n s  of a l l u v i a l  fans in tegra ted   wi th  
modern streams i n  lowland  areas  adjacent  to modern streams may be 
included as p a r t s  of a l l u v i a l   v a l l e y   f l o o r s .  

.Hydrologic Criteria 

1. The watershed  must  be  capable of producing  f lood  i r r igat ion  or   have a 
p o t e n t i a l   f o r   s u b i r r i g a t i o n  which cou ld   sus t a in   ag r i cu l tu ra l  activities 
(generally more than 2 acre-ft   of water per  acre fo r   i r r i ga t ion ;   sha l low 
water t ab le   fo r   sub i r r iga t ion ) ,  

2. The nature  of waters used f o r   i r i i g a t i o n  are of a qua l i ty  which  poses 
no detrimental  effect t o   s o i l s   o r   p l a n t s .  

3. To the  point   to  which i t  is  economically  feasible,   the water to   be  used 
fo r   i r r i ga t ion   can  be  taken  readily  from  the  watershed, i n  a manner which 
does  not   violate  state o r   f e d e r a l  laws, and w i l l  no t   adve r se ly   a f f ec t  any 
downstream users .  

4. There is e v i d e n c e   t h a t   e i t h e r   f l o o d   i r r i g a t i o n   o r   s u b i r r i g a t i o n  is a 
reg iona l   p rac t ice .  

Vegetative Criteria 

1. Abundant vege ta t ion  i n  lowlands compared with  adjacent  areas. 

2. Agr icu l tura l ly-usefu l   vege ta t ion   ind ica t ive   o f  a shallow water t ab le .  

3 .  Evidence of  recent  hay  production. 

Land-use Criteria (other  than  those  mentioned  above) 

1. Regional  pattern of f lood   i r r iga t ion   o r   sub i r r iga t ion .  

2. Standards  for   water   appl icat ion must  be  consistent with r eg iona l   p rac t i ce .  

3 .  Area of a l l u v i a l   v a l l e y   f l o o r   g e n e r a l l y  must be more than 10 acres. 

Exclusions 

1. Colluvial  and other   surf ic ia l   deposi ts   a long  the  val ley  margins  which are 
higher   than  the modern f lood  plain and "are n o t   i r r i g a t e d  by d ivers ion  of 
natural  flow  or  ephemeral  flood  flow  and are no t   sub i r r iga t ed  by  underflow" 
(U.S. House of  Representatives,  1977a). 

2. Upland areas which are   underlain by th in   co l luv ia l   depos i t s .  



3. Valleys  without stream channels.  

4. Areas where water q u a l i t y   d a t a  o r  s o l i d s   d a t a   i n d i c a t e   t h a t  long-term 
degradation of t h e   s o i l   r e s o u r c e  would r e s u l t  in reduction  of  the 
a g r i c u l t u r a l   u t i l i t y  of the   a rea .  

5. Undeveloped range  lands  not   s ignif icant   to   farming.  

6 .  Small   acreages  within  otherwise  "clear ly   not   a l luvial   val ley  f loors" .  ! 



Table 2. 

Drainages  checked  under  phase I of a l l u v i a l  valley f loor   de te rmina t ion .  

Name of  Coal Field Area 

Frui t land  Field (Kf) 

** La P l a t a  River 
McDermott Arroyo 
Cinder  Gulch 
Murphy Arroyo 
Westwater Arroyo 

** San Juan River 
Shumway Arroyo 

Navajo F ie ld  (Kf) 

Chaco River 

Pinabete Wash 

Brimhall Wash 
Cottonwood Wash 

northern No Name (Tpotla) 
Chinde Wash 

southern No Name 

Bisti F ie ld  (Kf) 

Chaco River 

Hunters Wash 

Alamo  Wash ( t r i b u t a r y   t o  

Ah-shi-sle-pah Wash 
De-na-zin Wash (Coal  Creek) 

Kimbeto Wash 
Escavada Wash 

De-na-zin) 

Toadlena  Field (Kmv) 

Chaco River 
NC Captain Tom  Wash 

(others  not  checked) 

Map  Name and Number 
7% Minute Quadrangle 

La P l a t a  (4-2) 

L a  P l a t a  (4-2) 
La P l a t a  (4-2) 

La P l a t a  (4-2) 
Waterflow (3-3) 

Waterflow  (3-3),  Fruitland (27-21, 
Waterflow (3-3 

The Hogback North (26-1) 

The Hogback North  (26-l), The Hogback 

Newcomb  SE (50-4) 
South  (26-4), Newcomb XE (50-1), 

Newcomb NE (50-l), The P i l l a r  NW (51-2) 

Newcomb  SE (50-4), Burnham Trading  Post(51-3) 
The  Hogback South  (26-4), Ki r t land  SW (27-3) 

The Hogback North  (26-l) ,   Fruit land (27-2) . 
The Hogback South (26-4) 
Newcomb NE (50-1) 

Newcomb  SE (50-41, Great Bend (74-1), 
The P i l l a r  3 NW (75-2), The Pillar 3 NE 
(75-1) 

Newcomb SE (50-4), Burnham Trading  Post 
(51-3), Bisti Trading  Post (51-4) 

Alamo Mesa West (52-3),  Tanner  Lake (76-2) 
The P i l l a r  3 NE (75-l) ,  Tanner Lake (76-2) 
Pueblo  Bonito NW (77-2), P r e t t y  Rock (76-1), 

Kimbeto (77-l),  Pueblo  Bonito (77-3) 
Pueblo  Bonito (77-3), Sargent Ranch (77-4), 

Kin Klizhin  Ruins (76-4) 

F i r e  Rock Well (77-3) 

Newcomb  SE (50-4) 
Newcomb  SE (50-4), Newcomd (50-3) 



Table 2 (cont'd) 

Hogback F ie ld  (Kmv) 

Chaco River (lower) 
(others  not  checked) 

Chaco  Canyon Field (Kmfu) 

Chaco River 

NC Kiiwne-ni-oli Wash 
Tsaya  drainage 

No Name t r i b u t a r i e s  

Eastern  Standing Rock F ie ld  (Kmfl) 

Orphan Annie Tank 
t r i b u t a r i e s  

S ta r  Lake F ie ld  (Kf) 

Chaco Wash 

Gallo Wash 

Escavada Wash 

Arroyo Pueblo  Alto 
Canada Alemita 

Papers Wash 

La Ventana F ie ld  (Kmv) 

Rio  Puerco 
Arroyo Hondo 
San Pablo 

Gallup  Field (Kmv) 

Puerco River 

Defiance Draw 

Burned Death Wash 
Tse Bonita Wash 

Tr ibutary   to  Tse Bonita Wash 
Coal Mine Wash  (P&M) 

The Hogback North (26-l), Chimney  Rock (2) 

Tanner  Lake (76-21, L a  Vida  Mission  (76-3), 
Kin Klizhin  Ruins  (76-4),  Pueblo  Bonito 
(77-3) 

La Vida  Mission (76-3) 
Tanner  Lake  (76-2), P r e t t y  Rock (76-1) 

L a  Vida  Mission (76-3) 

Orphan  Annie Rock (125-1) 
Orphan Annie Rock (125-1) 

Pueblo  Pintado (102-Z), Pueblo  Alto  Trading 

Pueblo  Bonito  (77-3),  Sargent Ranch (77-4), 

Pueblo  Bonito (77-3), Sargent Ranch (77-4), 

F i r e  Rock Well (78-3),  Lybrook SE (78-4) 
Pueblo Alto Trading  Post (102-11, S t a r  

S t a r  Lake (103-2) 
Lake (103-2) 

Post  (lOZ-l),  Star  Lake (103-2) 

F i r e  Rock Well (78-3) 

F i r e  Rock Well (78-3) 

San Pablo  (105-2), La Ventana (105-3) 
San  Pablo (105-2) 
San  Pablo (105-2) 

Gallup West (121-4),  Gallup East (122-3), 

Tse Bonita  School (121-2); Samson Lake 

Twin Lakes  (121-l),  Gallup West (121-4) 
Tse Bonita  School  (121-2),  Zith-Tusayan 

Zith-Tusayan  Butte 4 NE (A129-1) 
Tse Bonita  School  (121-2),  Zith-Tusayan 

Manuelito (145-2) 

(121-3),  Gallup West (121-4) 

Butte 4 NE (A129-1) 

Butte 4 NE (A129-1) 



Table 2 (cont'd) 

Tributary  to  Coal  Mine  Tse  Bonita  School (121-2), Zith-Tusayan 
Wash  (P&M)  Butte 4 NE (A129-1) 

Coal  Mine  drainage  (Sundance)  Bread  Springs (146-2) 
Catalpa  Canyon 
Catalpa  Canyon  east  tributary 

Bread  Springs (146-2) 
Bread  Springs (146-2) 

Raton  Field  (KTvr) 

1 **' Vermejo  River  Casa  Grande (17). Cimarron ( 4 1 ) ,  

* York  Canyon Casa  Grande (17) 
Salyers  Canyon Casa  Grande (17) 
.Chimney  Canyon Casa  Grande (17) * Caliente  Canyon 
Sawmill  Canyon  Casa  Grande (17) 

Casa  Grande (17) 

. Gachupin  Canyon . Casa  Grande (17) 
Saitpeter  canyon  Sa1tpetc.r  Mountain (42-2),  Colfax (42-3) 
Spring  Canyon.  Cimarron (41)  
Dawson  Canyon 
Dillon  Canyon  Tin Pan Canyon (18-1), Raton (19-2) 

Cimarron ( 4 1 ) ,  Saltpeter  Mountain (42-2) 

Raton  Creek Raton (19-2) 
Canadian  River  Canyon Casa  Grande (17), McWilliams  Canyon (18-2) 
Potato  Canyon McWilliams  Canyon (18-2) 

Colfax (42-3) 

** Potential AVF, needs  intermediate  level  investigations  (Part I1 OSM  Guidelines). 

* Possibly  not AVF, may  need  intermediate  level  investigations. 

NC  Not  completely  checked  in  this  study 

Drainages  not  marked  with  asterisks  or NC are  "clearly  not  alluvial  valley  floors". 
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L i s t  of Figures 

i n  New Mexico f o r   t h e  1979 water year.  
of monitored  streams i n   a r e  !as  of  surface-mineable  coal 

sur face   mineable   coa l .   I r r iga t ion   agr icu l ture  i s  extensive and  long- 
San Juan  River  viewed  downstream  from  outcrops of Fruitland  Formation 

es tab l i shed  on t h e   a l l u v i a l   v a l l e y   f l o o r  and on low te r races   ad jacent  
to   this   perennial   s t ream. View to  west.  

San Juan Power P lan t  and e f f l u e n t  from  coal  treatment  discharging down 
Westwater  Arroyo, t r i b u t a r y   t o  Shumway Arroyo  and the  San Juan  River. 
View north (10/14/80). 
La P la t a   R ive r   va l l ey   w i th   i r r i ga t ed   f i e lds   ad j acen t   t o   t he   pe renn ia l  
stream 1.5 miles  south of the  Colorado  border. View southeast  (10/14/80). 

Junction of McDermott Arroyo ( r igh t )  and  Cinder  Gulch,  ephemeral t r i b u t a r i e s  

i n t o   a l l u v i a l  fill. Modern al luvium  consis ts  of poorly  sorted  cobbles and 
to   the  La Plata  River.  These drainages  present ly   are   incised 10  t o  12 f e e t  

sand. V i e w  north (10/14/80). 
Channel of Chaco Wash (one of two ephemeral  channels) in   the   headwaters  of 
the Chaco Drainage  near  Star Lake Pumping Sta t ion .  View northeast  (10/17/80). 

Channel  of  Canada  Alemita,  an  ephemeral t r i b u t a r y  of Chaco Wash northwest of 
Pueblo  Pintado. View northwest (10/16/80). 

Shallow  wells on the  margin of t h e  f lood   p l a in  of  Escavada Wash, nor th  of 
Chaco  Canyon National Monument.  View northwest (10/16/80). 

Close up of  shallow  groundwater  level  in  shallow  well  i n  deposi ts   adjacent  
t o   t he   f l ood   p l a in  of Escavada Wash.  View northwest (10/16/80). 
Poorly-defined  ephemeral  drainage  from Orphan  Annie  Tank, west  northwest 
toward  Laguna C a s t i l l o  (10/17/80). 

Mission. View eas t   southeas t  (10/16/80). 
Shallow  groundwater  beneath  braided  channel of Chaco River  near La Vida 

Brimhall Wash 2 miles  upstream  from Burnham, New Mexico,  viewed to  west 
(10/15/80). 
Cottonwood Wash viewed e a s t  from an  outcrop of Fruit land  Formation  adjacent 
t o  t h e  channel. Note a lka l i   evapor i tes   a long   the   ac t ive   channel  and l e v e l s  
of inac t ive   f lood   p la ins  (10/15/80). 
Puerco  River  viewed e a s t  from Mentmore toward Gallup. Low qual i ty   discharge 
in   t he   s t r eam comes from  uranium  mines in   the   headwaters  and  from  Gallup  waste 
water  treatment (12/11/80). 

Coal Mine Wash., t r i bu ta ry   t o  Tse Bonita Wash near Tse Bonita  Trading  Post. ' 

V i e w  northeast .   Arroyo  walls  are  about 1 2  f e e t ' h i g h  (12/10/80). 

Burned  Death Wash viewed to  southwest  toward  Carbon  Coal Company's processing 
p lan t  (12/11./80). 
Vermejo River and i r r iga t ed   pas tu re l and   a t   ea s t e rn  end of Vermejo  Park. View 
northwest (11/19/80). 
Valley of  Vermejo River viewed southeast  (11/19/80). 



List of Figures  (cont'd) 

19. Mouth  of  York  Canyon  drainage  viewed to northwest.  Water  in  stream  is 
primarily  return  flow  from  use  of  water  pumped  from  Vermejo  River  to  coal 
treatment  facilities (11/19/80). 

20. Area of springs  in  Sawmill-Cottonwood  Canyon  contributing  flow  to  the 
Caliente  drainage.  View  northeast.  The  entrenched  channel  is  ephemeral 
upstream  from  the  springs (11/19/80). 

21. Caliente  drainage  viewed  to  northwest  upstream at confluence  with  Chimney 
Canyon (11/19/80). 

22. Ephemeral  drainage  downstream  through  Dillon  Canyon  in  the  Brilliant 
District (11/20/80). 
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EXPLANATION FOR M A P  I ( IN  POCKET) 

Potent ia l   a l luvial   val ley  f loors 

eu Possibly  not   a l luvial   val ley  f loors 

. . . . . . . . . Drainages  clearly  not  alluvial  valley  'floors 

EXPLANATION FOR MAPS 2,3,4, AND 5 ( I N  POCKET) 

hc) 

w Potential  alluvial  valley  f loors 

" Possibly  not  alluvial  valley  f loors -e b= Peripheral  low-lying  areas  capable of i r r igat ion 



i 

22 



15 

-I . 

39 

. -  

63 

8 7  

.. .-&I. I 

I 3 5  

I59 

L L-. 
183 

207 

231 

2 55 

" 

279 

303 

14 

3 8  

6 2  

86  

59 

" 

8 3  

I 10 107 

i 
I34 

', 

0 s -.. 
158 

I . .  I 

CO 
I78  

** 
jeras 

182 

. .  . 

206 

" 

230 

20 8 20 2 

226 

2 5 0  

2 74 

R Jc 
"T 
3 2 9 8  0 
,t hage 
eld 

322 

203 

227 23 2 

25 6 

!- 
252 253 25 I 254 

" " 
276 I 277 275 

nada c 

278 28 0 

30  4 

3 2 8  

352 

3?6' 

4 0 0  

424 

" 

.~ 

4 4 8  

"_ 

472 

Fie 
299 

- 1 

Sierra 

3lanca 

F ie ld  

327 '  

35 I 

375,' - -  

399 

423  

447 

471 

3 2 3  

" 

347 346 

370 

-I 

372 37 3 37 I 

39 5 394 

418 419 4 20  42 I 4 22 

442 4 4 3  444 4 4 6  43 8 439 4 4 0  44 i 

462 463 464 4 65 1 
445  

4 6 6  467 470 

MAP AND PHOTO NUMBERING SYSTEM 
:-- "71 

--_I -2-27 
3 4  



UNITED STATES MaD 2 



M d p  3 

:.) i 
1 . 1 ,  , 

[' 
I -, 

.. ._ 

I .  

- , ,, 

' C , ?  



M a p  4 

I "-" .5 0 I mi 

1000 " 0 1000 2oW 3M30 4000 So00 6000 7000 I t  
I .5 0 I km 

N -  
SCALE I : 24.000 



M a p  5 


	Title

	Introduction
	Procedures
	Results
	References

	Table 1
	Table 2
	Figures

	Figure 1
	Figure 2 & Figure 3
	Figure 4 & Figure 5
	Figure 6 & Figure 7
	Figure 8 & Figure 9
	Figure 10 & Figure 11
	Figure 12 & Figure 13
	Figure 14 & Figure 15
	Figure 16 & Figure 17
	Figure 18 & Figure 19
	Figure 20 & Figure 21
	Figure 22

	Map 1
	Map 2
	Map 3
	Map 4
	Map 5

