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GEOLOGIC AND HYDROLOGIC CHARACTERIZATION 

AND EVALUATION OF THE B A S I N  AND RANGE PROVINCE 

RELATIVE TO HIGH-LEVEL RADIOACTIVE WASTE# 

PART I11 
s- h 

-? 

GEOLOGIC AND HYDROLOGIC EVALUATION 

I4.S. Bedinger, K.A. Sargent ,  and B.T. Brady 

Summary 

Th i s  r e p o r t  d e s c r i b e s  t h e  first phase i n  eva lua t ing  t h e  

geology and hydrology of t h e  Basin and Range Province for p o t e n t i a l  

s u i t a b i l i t y  of geohydrologic environments f o r  i s o l a t i o n  or high- 

l e v e l  r a d i o a c t i v e  waste. The eva lua t ion  or the  Province 

a p p l i e s  t h e  g u i d e l i n e s ,  d i scussed  i n  P a r t  I (Bedinger, Sargent ,  and 

Reed, 1983) of t h i s  r e p o r t  t o  the  geolog.ic and hydro logic  

information compiled f o r  t h e  Province i n  Par t  I1 (Sargent  and 

Bedinger,  1983) . 
The geologic  and hydrologic  f a c t o r s  considered i n  the Province 

eva lua t ion  inc lude  d i s t r i b u t i o n  of p o t e n t i a l  h o s t  rocks,  t e c t o n i c  

c o n d i t i o n s  and d a t a  on ground-water hydrology. 

media cons idered  inc lude  a r g i l l a c e o u s  rocks,  t u f f ,  basalt ic 

rocks ,  g r a n i t i c  rocks,  e v a p o r i t e s ,  and the unsa tura ted  zone. The 

t e c t o n i c  f a c t o r s  considered a r e  Quaternary f a u l t s ,  l a t e  Cenozoic 

v o l c a n i c s ,  seismic a c t i v i t y ,  h e a t  f low, and l a t e  Cenozoic r a t e s  

of v e r t i c a l  u p l i f t .  

l eng th  of flow path from p o t e n t i a l  h o s t  rocks t o  d ischarge  a r e a s ,  

i n t e r b a s i n  and geothermal flow systems and t h i c k  unsa tura ted  

s e c t i o n s  a s  p o t e n t i a l  h o s t  media. 

P o t e n t i a l  h o s t  

Hydrologic cond i t ions  considered inc lude  

7 



b The Basin and Range Province was divided i n t o  12 

subprovinces;  each subprovince is ‘eva lua ted  s e p a r a t e l y  and 

p rospec t ive  a r e a s  f o r  f u r t h e r  s tudy are i d e n t i f i e d .  

h a l f  of t h e  Province appears  t o  have combinations of p o t e n t i a l  

h o s t  rocks,  t e c t o n i c  condi t ions ,  and ground-water hydrology t h a t  

About one- 

merit cons ide ra t ion  f o r  f u r t h e r  s tudy ,  

The p rospec t ive  a r e a s  for  f u r t h e r  s tudy i n  each subprovince 

a r e  summarized i n  a brief l ist  of t h e  p o t e n t i a l l y  f a v o r a b l e  

factors  and t h e  issues of concern. Data compiled for  the e n t i r e  

Province do n o t  permit  a complete eva lua t ion  of t h e  f a v o r a b i l i t y  

f o r  high-level  waste i s o l a t i o n .  The eva lua t ions  h e r e  are 

intended t o  i d e n t i f y  broad r eg ions  t h a t  c o n t a i n  p o t e n t i a l  

geohydrologic environments con ta in ing  mu1 t i p l e  n a t u r a l  b a r r i e r s  

t o  r ad ionuc l ide  migrat ion , 
. .  
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In t roduc t ion  

Th i s  r e p o r t ,  t h e  t h i r d  of t h r e e  p a r t s ,  e v a l u a t e s  a r e a s  

w i t h i n  t h e  Basin and Range Province f o r  t h e i r  po.tentia1 t o  

c o n t a i n  geohydrologic environments s u i t a b l e  f o r  i s o l a t i o n  of 

h igh- leve l  r a d i o a c t i v e  waste. Based on geologic  and hydro logic  

f a c t o r s ,  r eg ions  a r e  i d e n t i f i e d  t h a t  appear t o  warran t  f u r t h e r  

i n v e s t i g a t i o n .  Information used i n  eva lua t ion  i n c l u d e s  d i s t r i b u -  

t i o n  of p o t e n t i a l  h o s t  rocks,  t e c t o n i c  cond i t ions ,  and ground- 

water hydrology, This  and supplementary informat ion  on Pleisto- 

cene hydro logic  features,  are d i scussed  i n  P a r t  I1 (Sargent  and 

Bedinger,  1983) of t h i s  r e p o r t .  References t o  r e p o r t s  and 

sou.rces of information c i t e d  i n  t h e  r e p o r t  on c h a r a c t e r i z a t i o n  of 

t h e  geology and hydrology (Part  11) are  n o t  repea ted  i n  t h i s  

r e p o r t  (Par t  111). Evaluat ions fol low t h e  g u i d e l i n e s  adopted by 

t h e  Province Working Group descr ibed  i n  Par t  I (Bedinger,  Sargent ,  

and Reed, 1983) . 
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The o b j e c t i v e  of t h i s  phase of eva lua t ion  i s  not  t o  i d e n t i f y  

a l l  p rospec t ive  environments i n  t h e  Basin and Range Province,  b u t  

t o  i d e n t i f y  reg ions  of s e v e r a l  thousands t o  s e v e r a l  t e n s  of 

thousands of square k i lometers  t h a t  appear promising for f u r t h e r  

study. The genera l ized  d a t a  compiled for t h e  Province eva lua t ion  

s t a g e  w i l l  no t  permit complete eva lua t ion  of t h e  f a c t o r s  being 

considered,  For example; host-rock d i s t r i b u t i o n  i s  known 

p r i n c i p a l l y  from outcrops.  De ta i l ed  eva lua t ion  would need data 

on subsur face  d i s t r i b u t i o n ,  t h i ckness ,  depth,  and phys ica l  

p r o p e r t i e s ,  Another example i s  ground-water t r a v e l  t i m e .  Time 

of g roundwate r  flow from a p o i n t  i n  t h e  a q u i f e r  t o  t h e  d ischarge  

a r e a  is a f u n c t i o n  of flow l e n g t h ,  h y d r a u l i c  conduc t iv i ty ,  

e f f e c t i v e  po ros i ty ,  and h y d r a u l i c  g rad ien t .  O f  t hese ,  t h e  

p r i n c i p a l  d a t a  compiled f o r  Province c h a r a c t e r i z a t i o n  were 

hydrau l i c  g r a d i e n t  and l e n g t h  of flow path.  
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c Evaluat ion of Province subd iv i s ions  

The Basin and Range Province is h e r e i n  d iv ided  i n t o  12 

subprovinces  ( f i g .  11, t h a t  are convenient  subd iv i s ions  f o r  

F igure  1 belongs near here .  

e v a l u a t i n g  t h e  geology and hydrology of t h e  Province,  Subprovinces  

are  f u r t h e r  subdivided i n t o  ground-water u n i t s ,  which i n  t u r n ,  are 

s y s t e m a t i c a l l y  numbered w i t h i n  each subprovince.  

i n  d e f i n i n g  ground-water u n i t s  is described i n  Par t  I1 of t h i s  

r e p o r t  (Sargent  and Bedinger,  19-83). The boundary of t h e  Bas in  

and Range Province,  a s  used f o r  this s tudy ,  closely f o l l o w s  t h e  

physiographic  province def ined  by Fenneman (1938) . The boundary, 

as used he re ,  follows the n a t u r a l  ground-water f low-uni t  

boundaries  t h a t  d e f i n e  most of t h e  s tudy  area. 

--------------------_I__________________----------~ 

---1_----------------------------------- 

The method used 

Trans-Pecos subprovince 

The Trans-Pecos subprovince of Texas and N e w  Mexico ( f i g .  2) 
-------------------------------------------- 
Figure  2 belongs near here .  

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

b a s i n  of i n t e r i o r  dra inage .  The bed'rock i n c l u d e s  Precambrian 

basement rocks,  Paleozoic  and Cretaceous sedimentary rocks,  and 

T e r t i a r y  vo lcan ic  and i n t r u s i v e  rocks .  S t r u c t u r a l l y ,  t h i s  

subprovince is t r a n s i t i o n a l  between t h e  near -hor izonta l  Pa leozoic  

rocks of t h e  i n t e r i o r  c r a t o n  t o  t h e  east ,  and t h e  complex s t ructure  

of t h e  Basin and Range Province t o  t h e  west, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Figure 1.--Map of the Basin and Range Province as  defined for 

. t h i s  study showing ex tent  and names or subprovinces. 

i 
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F i g u r e  2.--The Trans-Pecos subprovince,  N e w  Mexico and 

Texas ,  showing prospec t ive  areas (shaded) f o r  

f u r t h e r  s tudy.  

t h e  f i r s t  two d i g i t s  r e f e r  t o  t h e  subprovince; 

t h e  second two d i g i t s  are  unique fo r  each ground- 

water u n i t  w i th in  the subprovince,  Arrows i n d i c a t e  

t h e  genera l  d i r e c t i o n  of ground-water flow a t  the 

water t a b l e ;  black a r e a s  a r e  n a t u r a l  d i scharge  

a r e a s ;  dashed l i n e s  a r e  s t reams t h a t  r ece ive  

ground-water d i scharge ,  

hachured l i n e s  a r e  a r e a s  01 s i g n i f i c a n t  ground-water 

withdrawal by wells, o r  i n  u n i t  0104,  a n a t u r a l  

depress ion  i n  t h e  water t a b l e  (noted by *) .  

Ground-water u n i t s  a r e  numbered; 

Areas o u t l i n e d  by s o l i d  
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Granite and s y e n i t e  occur both as  deep-seated masses and 

l a c c o l i t h s .  The deep-seated masses may be p o t e n t i a l  h o s t  rocks  

i n  t h e  s a t u r a t e d  and unsa tu ra t ed  zones. Near-surface bodies ,  

such as l a c c o l i t h s ,  may be p o t e n t i a l  h o s t  rocks  i n  t h e  

unsa tu ra t ed  zone. Sha le  beds of Permian, Upper Cretaceous, and 

lower T e r t i a r y  age c rop  o u t  i n  t h e  subprovince. Arg i l l aceous  

rocks as  t h i c k  as  460 meters (1,500 f ee t )  occur i n  u n i t s  0 1 0 1  and 

i 

0102. Ash-flow t u f f  beds are t h i n ,  g e n e r a l l y  less t h a n  20 meters 

( 6 5  f e e t ) ;  however, w i t h i n  c a l d e r a  c o l l a p s e  zones, t h i c k n e s s e s  as  

g r e a t  a s  800 meters (2 ,600  f ee t )  have been r e p o r t e d  i n  u n i t  0103. 

I n d i v i d u a l  b a s a l t  f lows  g e n e r a l l y  are less  t h a n  15 meters (50 

f ee t )  t h i c k ,  b u t  l o c a l l y ,  agg rega te  th i cknesses  of b a s a l t  flows 

may be about  1 5 0  meters (500 f ee t ) .  Evapor i t e s  occur a s  

i n t e r b e d s  of t h e  Yeso Formation ot Permian age i n  the  n o r t h e r n  

p a r t  of u n i t  0104 ,  and a s  bolson d e p o s i t s  of T e r t i a r y  and 

Qua te rna ry  age i n  t h e  S a l t  Basin ( u n i t  0104). 

Eluch of t h e  subprovince appears  t o  be r e l a t i v e l y  s tab le  a s  

evidenced by l i t t l e  seismic a c t i v i t y  and h e a t  f low, slow rate of 

v e r t i c a l  m0vemen.t (1 t o  2 meters or 3 t o  6 fee t  per 10 ,000 .  

y e a r s ) ,  absence of Quaternary  vo lcan ic  rocks,  and few mapped 

Quaternary  f a u l t s ;  however, data  are l i m i t e d  f o r  t he  subprovince.  

R e i l i n g e r ,  Brown, and Powers (1980) p r e s e n t  r e l e v e l i n g  d a t a  t h a t  

i n d i c a t e  t e c t o n i c  u p l i f t  i n  the  Diablo P la t eau  eas t  03: E l  Pas0 

( u n i t  0104). 
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Long flow pa ths  from p o t e n t i a l  hos t  rocks near and a t  

t h e  boundaries  of b a s i n s  t o  n a t u r a l  d i scharge  a r e a s  or  ground- I 
I water withdrawal a r e a s  may be i n d i c a t i v e  of long flow times. ! 

Ground water is  withdrawn f o r  i r r i g a t i o n  i n  many b a s i n - f i l l  

a r e a s .  Loca l ly ,  ground-water use is l i m i t e d  because of s a l i n e  

water (d i s so lved- so l id s  concen t r a t ions  greater than  1 , 0 0 0  

m i l l i g r a m s  per  l i t e r )  i n  bas in  f i l l ,  

I n t e r b a s i n  ground-water flow from u n i t  0104 i s  infer red  t o  

occur both eastward i n t o  t h e  Pecos River bas in ,  and westward i n t o  

t h e  narrow s e c t i o n s  of u n i t  0103 bordering t h e  R i o  Grande, These 

! 

! - .  

! 

! i n t e r b a s i n  f lows  are i n f e r r e d  by Gates and o t h e r s  (1980), 

on t h e  bas i s  of water-budget data, and t h e  presence of a water - tab le  

depress ion  on t h e  west side of u n i t  0104. 

\ 

This  depress ion  is n o t  due 

t o  pumping and i s  presumed t o  i n d i c a t e  downward flow from t h e  

water-table a q u i f e r  t o  deeper a q u i f e r s .  

The unsa tura ted  zone i s  greater than  1 5 0  meters (500 f ee t )  

t h i c k  i n  p a r t s  of t h e  subprovince.  Large a r e a s  w i t h  a t h i c k  

unsa tu ra t ed  zone unde r l i e  t h e  nor thern  p a r t  of u n i t  0104,  and 

occur under  t h e  topographica l ly  h ighe r  parts of u n i t s  0101,  

0102,  a.nd 010.3 . 
The s t a t emen t s  i n  t h e  fo l lowing  table  p e r t a i n  t o  u n i t s  

0 1 0 1  and 0102, p a r t  of u n i t  0103,  and p a r t s  of u n i t  0104 (shaded 

i n  f i g u r e  21 ,  which appear t o  merit cons ide ra t ion  f o r  f u r t h e r  

study: 
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* P o t e n t i a l  h o s t  media inc lude  

s a t u r a t e d  and unsa tura ted  in-  

t r u s i v e  p l u t o n i c  g r a n i t e  and 

s y e n i t e .  Local ly ,  t u f f  and 

b a s a l t  may be p o t e n t i a l  h o s t  

rocks  i n  t h e  unsa tura ted  

zone. 

* Avai lab le  mapping and d a t a  

ind ica te  r e g i o n a l l y  l i t t l e  h e a t  

f low,  v e r t i c a l  movement, and 

s e i s m i c i t y ;  few Quaternary 

f a u l t s ,  absence of Quaternary 

vo lcan ic  a c t i v i t y .  

* L i t t l e  tectonic  a c t i v i t y  and 

s t u d i e s  showing slow r a t e s  of 

v e r t i c a l  u p l i f t  wou.ld appear 

t o  i n d i c a t e  slow denudation 

r a t e s .  

* Long flow pa ths  from ground- 

water d i v i d e s  t o  n a t u r a l  d i s -  

charge a r e a s  and a r e a s  of 

l a r g e  ground-water withdrawal. 

* Smal l  ground-water y i e l d s  would 

be expected from igneous i n t r u -  

s i v e  rocks, 

* Problems i n  d i f f e r e n t i a t i n g  

shallow l a c c o l i t h i c  i n t r u -  

s i v e  bodies  from p l u t o n i c  

masses. 

* Areas of Quaternary  f a u l t i n g ,  

r e c e n t  u p l i f t  and s e i s m i c i t y  

have been i d e n t i f i e d  and 

need t o  be s tud ied  f u r t h e r  

t o  determine t h e  e x t e n t  of 

t e c t o n i c  a c t i v i t y  . 
* Natura l  flow pa ths  may be 

shortened by ground-water 

withdrawal.  

* Complicated geology i n  t h e  

Marathon f o l d  b e l t  ( u n i t  

0101) and t h e  Chihuahua 

t e c t o n i c  b e l t  ( u n i t  0103) 

p r e s e n t  problems i n  de f in ing  

t h e  geohydrologic framework 

of t h e  subprovince.  



I n  t h e  c e n t r a l  p a r t  02 u n i t  0 1 0 4 ,  and i n  t h a t  p a r t  or u n i t  

0 1 0 3  bordered on t h e  west by t h e  Rio Grande and on t n e  e a s t  by u n i t  

0 1 0 4 ,  ground-water flow pa ths  a r e  r e l a t i v e l y  s h o r t ,  and ground- 

water withdrawal is l o c a l l y  l a r g e .  Ground-water flow is n o t  well- 

de f ined  where i n t e r b a s i n  flow is i n f e r r e d  t o  occur from u n i t  

0104.  These areas are cons idered  t o  be less  f a v o r a b l e  for  

f u r t h e r  s tudy.  



Rio Grande subprovince 

The Rio Grande subprovince of N e w  Mexico and T e x a s  ( f i g .  3 )  
--------------------------------------____________ 
F i g u r e  3 belongs near here ,  

fo l lows  t h e  s t r u c t u r a l  trough tha t  ex tends  from Mexico i n t o  Colorado. 

The subprovince i n c l u d e s  t h e  broad a l l u v i a l  v a l l e y  of the Rio Grande, 

and its a d j a c e n t  uplands,  composed l a r g e l y  of Paleozoic  sedimentary 

and Cenozoic i n t r u s i v e  and e x t r u s i v e  rocks.  The subprovince inc ludes ,  

east  of t h e  Rio Grande, t h r e e  s t ructural  basins--the Jornada d e l  

Muerto i n  t h e  c e n t r a l  p a r t  of u n i t  0203, t h e  Es tanc ia  basin i n  

u n i t  0202, and t h e  Tularosa bas in  i n  u n i t  0201. The Jornada d e l  

Muerto is a broad, e longate  s y n c l i n a l  b a s i n  of Paleozoic  and 

Mesozoic sedimentary rocks o v e r l a i n  by d e p o s i t s  of T e r t i a r y  and 

Quaternary  age. The Es tanc ia  b a s i n  is a topographica l ly  c losed  

s y n c l i n a l  b a s i n ,  bordered on t h e  e a s t  and west by Precambrian 

c r y s t a l l i n e  rocks  o v e r l a i n  by sedimentary rocks of Paleozoic  age 

and bas in  fill of Quaternary and probable  T e r t i a r y  age. South of 

t h e  Es t anc ia  b a s i n  is  t h e  Tularosa bas in ,  an elongated graben 

bounded by Paleozoic  rocks of t h e  San Andres Mountains on t h e  

west and t h e  Sacramento Mountains on t h e  e a s t ,  The bas in  f i l l  is 

of l a t e  T e r t i a r y  and Quaternary age. The Tularosa  bas in  extends 

southward t o  t h e  Rio Grande a t  t h e  Texas-Mexico border.  Surface 

dra inage  i n  t h e  c e n t r a l  p a r t  of t h e  bas in  is  c losed;  ground-water 

d i scharge  i s  by evapo t ransp i r a t ion  i n  t h e  c e n t r a l  p a r t  of t h e  

bas in ,  seepage t o  t h e  Rio Grande, and wi thdrawal  by wells i n  t h e  

v i c i n i t y  of E l  Paso, 

0 2 0 4 ,  border ing t h e  Rio Grande, is t o  t h a t  r i v e r .  

---------------------------_______I__~________-----I___ 

Surface dra inage  of u n i t s  0203 and 

* .  . .  . . .  . . ,  



i 

i 
F igure  3.--The Rio Grande subprovince,  N e w  Mexico and Texas, 

showing p rospec t ive  areas (shaded) f o r  f u r t h e r  

s tudy.  Ground-water u n i t s  are numbered; t h e  f i r s t  

two d i g i t s  refer t o  t h e  subprovince; t h e  second two 

d i g i t s  are  unique fo r  each ground-water u n i t  

w i t h i n  t h e  subprovince . 
d i r e c t i o n  of ground-water flow a t  t h e  water t a b l e ;  

b lack  a r e a s  are  n a t u r a l  d i scha rge  a reas ;  dashed 

l i n e s  a r e  streams t h a t  r e c e i v e  ground-water 

d i scharge .  Area o u t l i n e d  by s o l i d  hachured l i n e  

i s  area of s i g n i f i c a n t  ground-water withdrawal by 

wells. 

Arrows i n d i c a t e  t n e  gene ra l  
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. e  Precambrian and T e r t i a r y  g r a n i t i c  rocks and s t r u c t u r a l l y  

complex Precambrian metamorphic rocks c rop  ou t  i n  the  mountains 

a long t h e  common border of u n i t s  0201 and 0203. T e r t i a r y  

g r a n i t i c  rocks c rop  ou t  i n  u n i t  0201,  and Precambrian g r a n i t i c  

rocks  c rop  ou t  i n  u n i t  0202 and i n  t h e  nor thern  p a r t  of u n i t  

0203. S c a t t e r e d  Precambrian and T e r t i a r y  g r a n i t i c  rocks  c rop  

ou t  west of t h e  Rio Grande i n  u n i t  0204. 

Shale  of Paleozoic  and Mesozoic age c rop  out i n  the  

subprovince.  

c l a s t i c  u n i t s  are as t h i c k  as 550 meters (1,800 f ee t ) ,  Broad 

facies  changes are common i n  t h e  s h a l e  u n i t s .  

e v a p o r i t e s  occur i n  t h e  rocks of Permian age i n  a l l  u n i t s .  

S a l i n e  ground water is found i n  a s s o c i a t i o n  w i t h  these evapor i t e s .  

Argi l laceous  rocks  w i t h  some in te rbedded  c o a r s e r  

Thin-bedded marine 

Laharic  breccia ranging i n  th i ckness  from 600 t o  1,070 

meters (2 ,000  t o  3,500 feet)  occurs  i n  u n i t s  0203 and 0204, and 

may be a p o t e n t i a l  h o s t  rock w i t h  conf in ing  and s o r p t i v e  b a r r i e r s  

t o  flow of water and rad ionucl ides .  Ash-flow t u f f  of Ofigocene 

age i s  bel ieved t o  be a s  t h i c k  as  900 meters  (3,000 f ee t )  i n  

u n i t s  0203 and 0204, where it is associated.  w i t h  calderas. 

B a s a l t i c  rocks,  a s  much as 240 meters (800 f ee t )  t h i c k  are 

s p a r s e l y  d i s t r i b u t e d  i n  u n i t  0204. 
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Tectonic  a c t i v i t y  i n  t h e  Rio Grande subprovince presumab1.y is  . .  

r e l a t e d  t o  t h e  Rio Grande r i f t .  The p r i n c i p a l  evidence of t n i s  

t e c t o n i c  a c t i v i t y  is t h e  s i g n i f i c a n t  dens i ty  of Quaternary  f au l t s  

and seismic e p i c e n t e r s  i n  t h e  nor thern  p a r t s  or 0203 and 0204; 

t h e  s i g n i f i c a n t  h e a t  f low (as g r e a t  a s  2.5 heat-flow u n i t s )  i n  

t h e  southern  p a r t  of u n i t s  0203 and 0204; and occurrence of 

b a s a l t  of l a t e  Cenozoic age i n  t h e  c e n t r a l  p a r t s  of u n i t  0203 

1 

I 

< 

and t h e  southern  p a r t s  of: u n i t s  0203 and 0204. Reiter, Shearer ,  

and Edwards (1978) cons ider  geothermal anomalies along 

t h e  Rio Grande r i f t  evidence of underlying magma bodies.  Re i l inge r  

and Ol ive r  (1976) , and Re i l inge r  and o t h e r s  (1980) have ascribed 

t h e  c rus ta l  doming observed i n  the  Socorro a r e a  t o  a c t i v i t y  of 
. .  

an underlying magma body. Rates of u p l i f t  a r e  slow (1 t o  2 

meters o r  3 t o  6 f e e t  per 1 0 , 0 0 0  yea r s )  i n  most or t h e  subprovince.  

East  of t h e  Rio Grande, a narrow zone of Quaternary f a u l t s  

p a r a l l e l s  t h e  western boundary of u n i t  0201. Severa l  Quaternary  

b a s a l t  v e n t s  occur i n  t h e  nor thern  one-half 02 u n i t  0201. 

Thermal s p r i n g s  and wells i n  t h e  R i o  Grande v a l l e y  ( u n i t s  

0201, 0203, and 0204) are  evidence of discharge  a t  t n e  s u r f a c e  

and t o  bas in  fill from hgdrotheEma1 convection systems r e l a t e d  

t o  t h e  s i g n i f i c a n t  h e a t  f low i n  t h e  Rio Grande r i f t .  

! 

t 
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Ground-water q u a l i t y  is v a r i a b l e  and i n  much of t h e  

subprovince t h e  water is  sal ine.  West of t h e  r i v e r  ( u n i t  02041, 

t h e  ground water gene ra l ly  c o n t a i n s  l e s s  than 500 mg/L 

(mi l l ig rams per l i t e r )  of d i s so lved  so l ids ;  east  of t h e  r i v e r  

i n  u n i t  0203, t h e  ground water g e n e r a l l y  c o n t a i n s  500 t o  1 , 0 0 0  

mg/L of d i s so lved  s o l i d s .  

t h e  Jornada d e l  Muerto, t h e  d i s so lved- so l id s  concen t r a t ions  

commonly range from 2,000 t o  5 ,000  mg/L. I n  u n i t s  0201 and 

0202,  t h e  d isso lved-so l ids  c o n c e n t r a t i o n s  gene ra l ly  range from 500 t o  

5 ,000  mg/L and are as much as 25,000 mg/L i n  u n i t  0201. 

l a r g e  d isso lved-so l ids  c o n c e n t r a t i o n s  of t h e  water i n  much of 

t h e  R i o  Grande subprovince are der ived  from s o l u t i o n  of marine 

e v a p o r i t e s  i n  t h e  Paleozoic  and Mesozoic bedrock. S a l i n e  ground 

water i n  many p a r t s  of t h e  subprovince h a s  l i m i t e d  l a r g e  ground- 

water withdrawals.  Ground-water withdrawal is  g r e a t e s t  from bas in  

f i l l  near E l  Paso and from al luvium and bas in  f i l l  i n  t h2  

i r r i g a t e d  p a r t s  of t h e  Rio Grande Val ley.  

I n  t h e  c e n t r a l  p a r t  of u n i t  0203, 

The 

Ground-water flow pa ths  from p o t e n t i a l  h o s t  rocks near  

ground-water d i v i d e s  t o  n a t u r a l  d i scha rge  a r e a s  i n  u n i t s  0.201 and' 

0203 a r e  r e l a t i v e l y  long and flow times a r e  poss ib ly  very long. 

Unsaturated zones a r e  t h i c k  ( g r e a t e r  than  150 meters or  500 fee t )  

i n  many a r e a s  throughout t h e  subprovince.  

i n  t h e  t h i c k  unsa tura ted  s e c t i o n s  i n  p a r t s  of u n i t  0201. 

G r a n i t i c  rocks occur 

23 
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P l e i s t o c e n e  Lake Otero occupied t h e  playa of u n i t  0201. I f  

p l u v i a l  c o n d i t i o n s  recur, a s i g n i f i c a n t  change i n  t h e  ground-water 

flow regime i n  u n i t  (0201) may be an inc rease  i n  h e i g h t  of the 

ground-water d i v i d e  south of t h e  Lake  Otero playa and a g r e a t e r  

percentage  of ground-water flow from t h e  nor thern  p a r t  of t h e  

u n i t  d i scharged  t o  t h e  playa.  

P o t e n t i a l  h o s t  rocks are g r a n i t e ,  t u f f ,  and l a h a r i c  breccia 

i n  t h e  s a t u r a t e d  zone. 

i n  t h e  unsa tura ted  zone. Areas con ta in ing  p o t e n t i a l  h o s t  rocks  

with l i t t l e  t e c t o n i c  a c t i v i t y ,  s a l i n e  ground water, and 

long  flow p a t h s  from p o t e n t i a l  h o s t  media t o  n a t u r a l  d i scha rge  

a r e a s  are  p rospec t ive  u n i t s  f o r  f u r t h e r  study. 

no r the rn  and southern  p a r t s  of u n i t  0203 a r e  l e s s  su i ted  f o r  

f u r t h e r  s tudy because of fewer occurrences  of p o t e n t i a l  h o s t  

rocks,  s i g n i f i c a n t  h e a t  flow, and g r e a t e r  t e c t o n i c  a c t i v i t y .  

These rocks  a l s o  may have t h i c k  s e c t i o n s  

Unit  0204 and t h e  

, 
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The s ta tements  i n  t h e  fol lowing t a b l e  summarize t h e  f avorab le  

cond i t ions  and t h e  i s s u e s  of concern for u n i t s  0201 and 0202, and 

t h e  c e n t r a l  two-thirds  of u n i t  0203 (shaded a r e a s  i n  f i g u r e  3 ) :  
................................................. 

P o t e n t i a l l y  f avorab le  f a c t o r s  Issues of concern 
-----------------------I---------------------- 

* P o t e n t i a l  h o s t  rocks are i n  

saturated and unsa tura ted  zones,  

* Tectonic  a c t i v i t y  gene ra l ly  is 

low as c h a r a c t e r i z e d  by l i t t l e  

s e i s m i c i t y  and h e a t  flow, slow 

u p l i f t  rates,  l i t t l e  l a t e  

Cenozoic vo lcan ic  a c t i v i t y  and 

f e w  Quaternary  f a u l t s ,  

* Ground water commonly is  

s a l i n e  i n  bas in  f i l l  and sedi-  

mentary rocks; p o t e n t i a l  igneous 

h o s t  rocks have l i t t l e  permea- 

b i l i t y ,  consequently,  t h e r e  is 

minimal inducement for water- 

supply development. 

* Long n a t u r a l  flow pa ths  from 

p o t e n t i a l  host rocks t o  n a t u r a l  

d i scharge  a r e a s  i n d i c a t e  po- 

t e n t i a l l y  long t r a v e l  times. 

* P o t e n t i a l  hazard due t o  

volcanic  a c t i v i t y  needs t o  be 

considered. 

* Quaternary f a u l t s ,  which are 

mapped l o c a l l y ,  need t o  be 

s tud ied  and hazards  assessed .  

* Ground water g e n e r a l l y  is 

s a l i n e ,  b u t  may be used f o r  

some purposes. 



* *  Ground-water u n i t  0204 and t h e  nor thern  and southern  p a r t s  

of u n i t  0203 a r e  considered t o  have less  p o t e n t i a l  f o r  f u r t h e r  

s tudy because of t h e  r e l a t i v e l y  s i g n i f i c a n t  seismic a c t i v i t y  

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

u p l i f t  i n  0204,  and gene ra l ly  s h o r t e r  flow p a t h s  from ground-water 

d i v i d e s  t o  areas of n a t u r a l  d i scharge .  

Southern Mexican Highlands subprovince 

The Southern Mexican Highlands subprovince of Arizona and N e w  

Mexico ( f i g .  41 c o n s i s t s  of well-defined northwest-trending 

Figure  4 belongs near here. 

-- - -------- ------- 

---- - - -p-p----v------ 

mountain ranges separa ted  by wide v a l l e y s .  The mountain ranges 

c o n s i s t  of Precambrian and Pa leozoic  rocks in t ruded  by Mesozoic 

and T e r t i a r y  g r a n i t i c  s t o c k s  and p lugs ,  t h a t  are p a r t l y  o v e r l a i n  

by marine and nonmarine sedimentary rocks of Cretaceous age,  

vo lcan ic  rocks of T e r t i a r y  age,  and ex tens ive  b a s i n - f i l l  d e p o s i t s  

of l a t e  Cenozoic age. Severa l  of t h e  topographical ly-closed bas ins  

i n  sou theas t  Arizona and southwest N e w  Mexico extend i n t o  Mexico. 



I 

Figure  4.--The Southern Mexican Highlands subprovince,  Arizona 

and N e w  Mexico, showing p rospec t ive  a r e a s  (shaded) 

f o r  f u r t h e r  s tudy.  Ground-water u n i t s  a r e  numbered; 

t h e  f i r s t  two d i g i t s  refer t o  the subprovince; t h e  

second two d i g i t s  a r e  unique f o r  each ground-water 

u n i t  w i th in  t h e  subprovince.  Arrows i n d i c a t e  t n e  

genera l  d i r e c t i o n  of ground-water flow a t  tn-e water 

t a b l e ;  b lack  a r e a s  a r e  n a t u r a l  discharge a r e a s ;  dashed 

l i n e s  a r e  s t reams t h a t  r ece ive  ground-water discharge.  

Areas o u t l i n e d  by s o l i d  hachured l i n e s  are a r e a s  of 

s i g n i f i c a n t  ground-water withdrawal by wells. 
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Granite and o the r  i n t r u s i v e  c r y s t a l l i n e  masses OS Precambrian 

and T e r t i a r y  age occur throughout much of t h e  subprovince.  

B a s a l t i c  rocks a r e  common l o c a l l y ,  b u t  gene ra l ly  a r e  l e s s  than  

5 0  meters  (150 fee t )  th i ck .  T u f f  is widespread, b u t  only 

l o c a l l y  is of s u f f i c i e n t  t h i ckness  t o  be considered a p o s s i b l e  

h o s t  rock. T u f f ,  which is  1 0 0  meters (330 feet)  o r  more t n i c k  and 

t h a t  may warrant  f u r t h e r  s tudy,  is common i n  and near  t n e  

c a l d e r a s  i n  u n i t s  0301, 0302, 0303, 0304, 0305, 0306-, and 0307. 

Lahar ic  mudflow breccia, commonly 150 t o  300 meters (500 t o  

1 , 0 0 0  f ee t )  t h i c k ,  i n  u n i t s  0304 and 0306 may have p o t e n t i a l  

f o r  s tudy  a s  a h o s t  rock. Local ly ,  s h a l e  occurs i n  thicknesses or 

150 meters (500 f e e t )  o r  more. Fur ther  s tudy  of s h a l e  would 

be needed t o  determine it it could be considered a p o t e n t i a l  

h o s t  rock. Extensive anhydr i te ,  gypsum, and p o s s i b l e  s a l t  d e p o s i t s  

I 

'. 

have been pene t r a t ed  by d r i l l  h o l e s  near  S a f f o r d  ( u n i t s  0306 

and 03091, but  t h e  e x t e n t  of t h e  d e p o s i t s  are incompletely 

known from d r i l l i n g  d a t a  a t  t h i s  t i m e  (Peirce, 1981). 
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t Heat flow gene ra l ly  is l e s s  than 2.5 HFU (heat-flow u n i t s )  

I except  i n  p a r t s  of u n i t s  0301, 0302, and 0303. However, l o c a l  
0 0 

high-temperature E90 t o  1 5 0  C ( C e l s i u s )  I hydrothermal- i 
convect ion systems a r e  i n d i c a t e d  by s p r i n g s  i n  u n i t s  0304 and 0306. I 
Se i smic i ty  and v e r t i c a l  u p l i f t  are low. Quaternary f a Q l t s  are s p a r s e  

b u t  widely d i s t r i b u t e d  i n  t h e  subprovince.  Volcafiic rocks  of 

l a t e  Cenozoic age, gene ra l ly  of minor a r e a l  e x t e n t ,  have been 

mapped i n  u n i t s  0301, 0302, 0304, 0305 and 0309, Tectonic  

c o n d i t i o n s  differ  wi th in  t h e  subprovince and tectonism g e n e r a l l y  

is more i n t e n s e  i n  t h e  New Mexico p a r t  of: t h e  subprovince.  

Long flow pa ths  i n  most of t h e  u n i t s  i n d i c a t e  the p o s s i b i l i t y  

of l o n g  t r a v e l  times, however, t h e  p o t e n t i a l  f o r  sho r t en ing  

of flow pa ths  by development of water s u p p l i e s  from ground 

water near p o t e n t i a l  reposicory h o s t  media and t h e  effect  

of recur rence  of p l u v i a l  c o n d i t i o n s  need t o  be considered. 

Wilcox Playa ( u n i t  0307) contained a l a k e  and Lake Animas occupied 

t h e  playa i n  u n i t  0304 i n  P le i s tocene  t i m e .  

gene ra l ly  is f r e s h  except i n  t h e  playa z reas .  The unsa tura ted  

. .  
Ground water 

zone has  a t h i c k n e s s  of 1 5 0  meters (500 f e e t )  or g r e a t e r  

p r i n c i p a l l y  on and- near topographic  divides- i n  t h e  Arizona 

p a r t  of t h e  subprovince,  whereas few occu-rrences or  t h e  un- 

s a t u r a t e d  zone a s  g r e a t  a s  1 5 0  meters ( 5 0 0  f e e t )  a r e  known t o  

occur i n  t h e  N e w  Mexico p a r t  of t h e  subprovince.  

U n i t s  0301, 0303, 0304, 0306, 0307, 0308, and 0310 (shaded 

a r e a s  i n  f i g u r e  4 )  a r e  considered t h e  bes t  prospec ts  for  f u r t h e r  

s tudy.  Fac to r s  a f f e c t i n g  t h e i r  s u i t a b i l i t y  a r e  summarized i n  t he  

following. t a b l e :  
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- 

P o t e n t i a l l y  favorable  f a c t o r s  

- 

I s s u e s  of: concern 
~ 

* P o t e n t i a l  h o s t  rocks i n c l u d e  in-  * Hazard from Quaternary  

t r u s i v e  igneous rocks,  l a h a r i c  f a u l t i n g  and igneous 

b r e c c i a ,  b a s a l t ,  and t u f f .  a c t i v i t y  m u s t  be a s ses sed ;  

* Tectonic  a c t i v i t y  is low. may be r e s t r i c t i v e  l o c a l l y .  

* Unsaturated zone probably is * Long, n a t u r a l  f low pa ths  

of s u f f i c i e n t  t h i ckness  and would be shor ted  by with-  

e x t e n t  t o  be considered for  drawal of ground water 

f u r t h e r  s tudy  i n  t h e  Arizona downgradient. 

p a r t  ot t h e  subprovince.  * Recurrence of: l a k e s  du r ing  

* P o t e n t i a l  t r a v e l  times may be p l u v i a l  climate would 

long  based on t h e  long flow shor t en  flow pa ths  . 
pa ths  from p o t e n t i a l  h o s t  

rocks t o  na tura l -d ischarge  

a r e a s .  

U n i t s  0302, 0305,  and 0309 ( f i g .  4 )  gene ra l ly  have s h o r t e r  

flow pa ths  from p o t e n t i a l  h o s t  rocks t o  na tura l -d ischarge  and' 

withdrawal a reas .  I n  a d d i t i o n ,  u n i t s  0301,  0302, and 0305 extend 

a c r o s s  t h e  United States-Mexico I n t e r n a t i o n a l  border ,  and 

some ground-water flow i n  t h e s e  unics  probably moves from 

t h e  United S t a t e s  i n t o  Mexico. 

I 

i 

I 
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Trans i t i on  subprovince 

Figure 5 belongs near here .  

extending 800 ki lometers  (500 miles) from near t h e  Colorado River 

..................................................... 

i n  Arizona t o  t h e  Rio Grande trough i n  N e w  Mexico, is a geo log ica l  

and topographica l  zone of t r a n s i t i o n  between the h igher  Colorado 

. Pla t eau  t o  t h e  north,  and t h e  lower bas in  and range structure t o  the  

south.  I n  N e w  Mexico, t h e  T r a n s i t i o n  subprovince c o n s i s t s  of: a 

block-faul ted l a v a  p la teau .  I n  Arizona, t h e  subprovince c o n s i s t s  

of a high southward-facing dissected escarpment of Precambrian 

c r y s t a l l i n e  rocks,  Paleozoic  and Mesozoic sedimentary rocks, 

and. Tex t i a ry  l avas .  

i s  well developed, and streams d r a i n  t o  t h e  G i l a  River,  except  

f o r  one closed bas in ,  t h e  P l a i n s  of San A u g u s t i n  ( u n i t  0401) 

i n  N e w  Mexico. 

Drainage i n  most or t h e  T r a n s i t i o n  subprovince 

P o t e n t i a l  hos t  rocks i n c l u d e  g r a n i t e ,  b a s a l t ,  and t u f f .  

G r a n i t i c  rocks of pr imar i ly  Precambrian age crop o u t  i n  the 

c e n t r a l  p a r t  of u n i t  0404 and i n  th.e southern  p a r t  or u n i t  0402. 

B a s a l t  and t u f f  outcrops a r e  widespread throughout t n e  subprovince.  

Tuff a s s o c i a t e d  w i t h  c a l d e r a s  i n  t h e  c e n t r a l  and e a s t e r n  p a r t  of t n e  

reg ion  ( u n i t s  0401, 0402, 0403, and 0404) is as t h i c k  a s  600 

meters  (2,000 f e e t ) ,  Extensive.  ou tcrops  of Precambrian s h a l e ,  

probably less  than  60 meters (200 f ee t )  t h i c k  occur i n  u n i t  0404. 
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Figure  5.--The T r a n s i t i o n  subprovince,  Arizona and N e w  Mexico, 

showing p rospec t ive  areas (shaded) f o r  f u r t h e r  s tudy.  

Ground-water u n i t s  are numbered; t h e  f i r s t  two 

d i g i t s  refer t o  t h e  subprovince; t h e  second two 

d i g i t s  are unique f o r  each ground-water u n i t  

w i t h i n  t h e  subprovince.  Arrows i n d i c a t e  t h e  

gene ra l  d i r e c t i o n  of ground-water flow a t  the water 

t a b l e ;  black areas a re  n a t u r a l  d i scha rge  a r e a s ;  

dashed l i n e s  are  s t r eams  t h a t  r e c e i v e  ground-water 

d i scharge .  
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Tectonic a c t i v i t y ,  though l o c a l l y  i n t e n s e ,  g e n e r a l l y  is 

low. Quaternary f a u l t s  have been mapped i n  u n i t s  0401,  0402, 

and 0404. Se i smic i ty  gene ra l ly  is moderate with maximum magnitude 

of a few ear thquakes a s  large a s  5 and 6. Heat flow is less  than  

2.5 HFU, except  i n  u n i t  0402. Local ground-water convect ion of 

h e a t  flow is evidenced by h o t  s p r i n g s  i n  u n i t  0402 and 0403. 

V e r t i c a l  u p l i f t  i s  less  than  2 meters (6 feet)  per 10 ,000  years .  

Late Cenozoic vo lcan ic  a c t i v i t y  is  evidenced by l a v a  f lows  and 

c inde r  cones i n  t h e  no r the rn  p a r t s  of u n i t s  0401 and 0403, and 

i n  u n i t  0404 a d j a c e n t  t o  t h e  Colorado Plateau. 

T h i s  subprovince gene ra l ly  i s  h igher  i n  e l e v a t i o n  t h a n  

a d j a c e n t  p a r t s  of t h e  Basin and Range Province,  and receives g r e a t e r  

p r e c i p i t a t i o n .  Th i s  resu l t s  i n  g r e a t e r  recharge,  i n t e g r a t e d  

surface-drainage networks, and many streams t h a t  r ece ive  ground-water 

discharge.  Two b a s i n s  are closed:  u n i t s  0401 and 0406. Ground 

water i n  t h e  P l a i n s  of San Augustin ( u n i t  0401) may d ischarge  i n  

! 
i 

p a r t  wi th in  t h e  bas in  by evapo t ransp i r a t ion .  Large s p r i n g s  i n  

u n i t  0403 and i n  t h e  Rio Grande bas in  ( u n i t  0204 i n  t h e  Rio 

Grande subprovince) a r e  be l ieved  t o  r ep resen t  i n t e r b a s i n  flow 

from u n i t  0 4 0 1  (John McLean and' Robert Meyers, U.S. Geological 

Survey, o r a l  commun., 1983). 

! 
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Ground-water q u a l i t y  gene ra l ly  is f r e s h  and c o n t a i n s  less 

than 500 mg/L of d i s so lved  s o l i d s .  

water occur i n  t h e  Verde River v a l l e y  (western p a r t  of u n i t  0 4 0 4 1 ,  

G i l a  River bas in  ( u n i t  0402) and S a l t  River bas in  ( e a s t e r n  p a r t  

of u n i t  0404) .  

meters  (500 fee t )  t h i c k  or g r e a t e r  i n  broad a r e a s  throughout  

t h e  subprovince.  During t h e  P l e i s t o c e n e  Epoch, a l a k e  occupying 

t h e  playa of t h e  P l a i n s  of San Augustin ( u n i t  0401) had an areal  

e x t e n t  of more than  1,000 square k i lome te r s  (400 square  miles) 

and a water l e v e l  more than  60 meters (200 fee t )  h igher  than  t h e  

sha l lowes t  water l e v e l  i n  t h e  playa today. 

Areas w i t h  s a l i n e  ground 

The unsa tura ted  zone is bel ieved t o  be 150  



The northwestern p a r t  of u n i t  0404  and a l l  of u n i t  0401  

* P o t e n t i a l  h o s t  rocks inc lude  * Ground water g e n e r a l l y  is 

unsa tu ra t ed  b a s a l t  and t u f f ;  f r e sh .  

s a t u r a t e d  and unsa tu ra t ed  * I n t e r b a s i n  flow of ground 

g r a n i t i c  rocks. water from u n i t  0 4 0 1  t o  u n i t s  

* Flow pa ths  from p o t e n t i a l  0403 and 0204 (Rio Grande 

h o s t  rocks  t o  na tura l -d is -  subprovince) is n o t  well  

charge areas a r e  long. 

* Quaternary f a u l t i n g  and' 

known 

* Hazard from vo lcan ic  

seismic a c t i v i t y  gene ra l ly  

a r e  low. sessed based on f u r t h e r  

s tudy of upper Cenozoic 

volcanic  rocks.  

a c t i v i t y  needs t o  be as- 

* Hazards from seismic a c t i v i t y  

and f a u l t i n g  needs t o  be 

s t u d i e d  f u r t h e r .  

The unshaded p a r t  of t h e  T r a n s i t i o n  subprovince ( f i g .  5) is  

considered t o  be l e s s  f avorab le  f o r  f u r t h e r  s tudy,  because of 

gene ra l ly  s h o r t  flow pa ths  from p o t e n t i a l  hos t  rocks t o  d ischarge  

a r e a s ,  t h e  prevalence of fresh ground water ,  and l o c a l l y ,  

a r e a s  a f f e c t e d  by l a t e  Cenozoic vo lcan ic  a c t i v i t y  

- 

35 



Sonoran Desert subprovince 

The Sonoran Desert subprovince of Arizona, C a l i f o r n i a ,  and 

Nevada ( f i g .  6 )  i n c l u d e s  b a s i n s  i n  C a l i f o r n i a ,  Nevada, and 

Figure 6 belongs near here. 

Arizona, many of which have s u r f a c e  dra inage  t o  t h e  Colorado River.  

- ------------------ -------------- 

Many ground-water flow u n i t s  i n  c e n t r a l  Arizona t e rmina te  i n  

dep res s ions  created by ground-water withdrawal. 

ranges are f a u l t e d  blocks of Precambrian i n t r u s i v e  and metamorphic 

The mountain 

rocks,  Mesozoic and Te 1: ti ar y g r a n i t i c  i n t r u s i o n s  and v o l c a n i c  rocks.  

Basin f i l l ,  as  t h i c k  a s  3,000 meters (10,000 feet)  and perhaps 

averaging 900 meters ( 3 , 0 0 0  feet)  t h i c k ,  ranges i n  age from middle 

T e r t i a r y  t o  Quaternary  . 
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F i g u r e  6.--The Sonoran Desert subprovince,  Arizona, C a l i f o r n i a ,  

and Nevada, showing prospec t ive  areas (shaded) f o r  

f u r t h e r  s tudy.  Ground-water u n i t s  are  numbered; 

t h e  f i r s t  two d i g i t s  refer t o  t n e  subprovince; t h e  

second two d i g i t s  a r e  unique for each ground-water u n i t  

w i t h i n  t h e  subprovince.  Arrows i n d i c a t e  tne gene ra l  

d i r e c t i o n  of ground-water flow a t  t h e  water t a b l e ;  black 

a r e a s  a r e  n a t u r a l  d i scharge  a reas ;  dashed l i n e s  a r e  

s t reams t h a t  rece ive  ground-water d i scharge .  Areas 

o u t l i n e d  by s o l i d  hachured l i n e s  are a r e a s  of s i g -  

n i f i c a n t  ground-water withdrawal by wells. 
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P o t e n t i a l  h o s t  rocks inc lude  g r a n i t i c  i n t r u s i v e  rocks  

and some metamorphic rocks i n  both t n e  s a t u r a t e d  and unsa tu ra t ed  

zones. G r a n i t i c  and o the r  s i l i c i c  t o  in t e rmed ia t e  i n t r u s i v e  rocks 

of Precambrian, Mesozoic, and T e r t i a r y  age a r e  widespread i n  t n e  

subprovince.  The Gunnery Range b a t h o l i t h  ox southwest Arizona, 

a p a r t i c u l a r y  large body of qua r t z  monzonite underlying about  

40,000 square k i lometers  (15,000 square  miles) of u n i t s  0507 and 

0523, has p o t e n t i a l  as a host  media i n  t h e  s a t u r a t e d  and unsa tu ra t ed  

zones. Basalt ,  t u f f ,  bas in  fill, and poss ib ly  o the r  rocks a re  

p o t e n t i a l  h o s t  rocks i n  t h e  unsa tura ted  zone. 

i n  Sec t ions  100 meters  (300 feet)  or more t h i c k  i n  u n i t s  0531, 

0534, and 0537 in C a l i f o r n i a ,  and i n  t h e  part of u n i t  0536 i n  

C a l i f o r n i a .  B a s a l t  occurrences i n  Arizona and Nevada a r e  

gene ra l ly  l e s s  than  60 meters (200 f ee t )  th i ck .  T u f f  g r e a t e r  

than  90 meters  (300 fee t )  t h i c k  occurs  i n  C a l i f o r n i a  an&Nevada 

i n  u n i t s  0531, 0532 and 0536. Occurrences of t u f f  i n  Arizona, 

Basalt c rops  ou t  

. .  

i n  u n i t s  0503, 0508, 0515, 05-16, 0517 and 0524 gene ra l ly  a r e  

than  1 0 0  meters (330 f e e t )  t h i c k ,  b u t  l o c a l l y  may be a s  much 

6 0 0  meters (2 ,000  f e e t )  t h i c k .  
. .  

Shale  occurs  i n  l a r g e  outcrops ,  a s  g r e a t  as 80 square 

less  

a s  

k i lome te r s  (30 square m i l e s ) ,  i n  s t r a t i g r a p h i c  s e c t i o n s  as tnicK 

a s  1 4 0  meters (460 f e e t )  i n  t h e  sou theas t e rn  p a r t  of t h e  

subprovince i n  Arizona i n  u n i t  0501. The s h a l e ,  mostly Cretaceous 

i n  age,  has  undergone cons iderable  t e c t o n i c  deformation. 

Shale ,  mostly of Cambrian age, occurs  a s  small  s c a t t e r e d  outcrops  

i n  C a l i f o r n i a  and Nevada. 



Thick e v a p o r i t e  d e p o s i t s ,  mostly h a l i t e ,  occur i n  

f au l t -b lock  b a s i n s  a t  Det r i ta l  Val ley  ( u n i t  05301, Red L a k e  

b a s i n  ( u n i t  05281, and t h e  Luke  s a l t  body ( u n i t  0512) west of 

Phoenix. About 1 , 8 0 0  meters (5,900 fee t )  of a n h y d r i t e  occur i n  

t h e  Picacho b a s i n  ( u n i t s  0501  and 0502). Add i t iona l ly ,  s i g n i f i c a n t  
t 

s a l t  d e p o s i t s  may be  p r e s e n t  i n  t h e  Higley b a s i n  (Pe i r ce ,  1981) 
! s o u t h e a s t  of Phoenix ( u n i t s  0505 and 0512). 
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The region'  gene ra l ly  is low i n  s e i s m i c i t y ,  has  few mapped 

Quaternary  f a u l t s ,  and has  a few l a t e  Cenozoic vo lcan ic  c e n t e r s .  

Three poorly de f ined  f a u l t  zones t r e n d  northward i n  Arizona. 

A c l u s t e r  of f a u l t s  occurs  i n  u n i t  0536 (near  Lake  Mead) i n  

Nevada and a concen t r a t ion  of f a u l t s  i s  mapped i n  t h e  western 

one-half of u n i t  0532 i n  Ca l i fo rn ia .  There has  been l i t t l e  recorded 

seismic a c t i v i t y  i n  t h e  subprovince; however, there  are a r e a s  

of many smal l  ear thquakes (such as t h e  western p a r t  of u n i t  0532) 

and a few e p i c e n t e r s  of magnitude 5 and 6 ,  Volcanic v e n t s  of 

l a t e  Cenozoic age are mapped i n  u n i t s  0532, 0534 and 0535 i n  

C a l i f o r n i a ,  and u n i t s  0506, 0509, 0517, 0518, 0519 and 0524 i n  

Arizona. Heat flow is  between 1.5 and 2 -5  HFU throughout t h e  

subprovince,  and. there a r e  r e l a t i v e l y  few thermal s p r i n g s  i n  t h e  

subprovince.  V e r t i c a l  u p l i f t  is  s l i g h t  t o  moderate throughout 

most of t h e  subprovince,  although moderately r a p i d  r a t e s  of 

u p l i f t  have been mapped i n  u n i t  0531 and t h e  western p a r t  of 

u n i t  0532 i n  C a l i f o r n i a .  



Long na tu ra l  flow pa ths  e x i s t  from t h e  ground-water d i v i d e s  . -  
t o  na tu ra l -d i scha rge  a r e a s  i n  many u n i t s ,  Concent ra t ions  of 

d i s s o l v e d  s o l i d s  i n  ground water g e n e r a l l y  are less  t h a n  500 mg/L, 

b u t  l o c a l l y  are g r e a t e r  i n  d ischarg ing  p l ayas ,  Withdrawal of water 

i s  l a r g e  i n  many ground-water u n i t s  p a r t i c u l a r y  i n  Arizona; withdrawal 

is nonex i s t en t  or n e g l i g i b l e  i n  some u n i t s  i n  C a l i f o r n i a  and 

wes tern  Arizona. The unsa tura ted  zone i n  many areas is greater than  

1 5 0  meters (500 feet)  t h i c k ,  The t h i c k  u n s a t u r a t e d  s e c t i o n s  i n c l u d e  

both b a s i n  f i l l  and bedrock. The s u r f a c e  dra inage ,  excep t  f o r  Red 

Lake  b a s i n  i n  u n i t  0528, is  integrated and there is no ev idence  of 

p luv ia l  l akes  i n  t h e  subprovince dur ing  t h e  P l e i s t o c e n e  Epoch, 

The subprovince i n c l u d e s  some of t h e  more arid p a r t s  of the 

Basin and Range Province.  Annual p r e c i p i t a t i o n  is as  l i t t l e  a s  

1 0  c e n t i m e t e r s  (4 inches)  or less and annual  pan evapora t ion  is 

a s  great a s  356 c e n t i m e t e r s  (140 i n c h e s ) .  

Un i t s  t h a t  appear  t o  have f avorab le  combinations of 

p o t e n t i a l  h o s t  rocks ,  t e c t o n i c  s t a b i l i t y ,  and l o n g  flow p a t h s  

f o r  fur ther  s tudy  inc lude  u n i t s  0501, 0503, 0504,  0507, 0508, 

0509, 05.15, 0516, 0524, 0525, 0527, 0528, and  0530 i n  Arizona.; 

u n i t s  0531, 0532 ( p a r t ) ,  0534, and 0535 i n  C a l i f o r n i a ,  and u n i t  

0536 i n  C a l i f o r n i a  and Nevada, These areas are shaded i n  

f i g u r e  6. 

concern are summarized i n  t h e  fo l lowing  t a b l e :  

P o t e n t i a l l y  f avorab le  f a c t o r s  and i s s u e s  of 
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* P o t e n t i a l  h o s t  media i n  t h e  

unsa tu ra t ed  or  t h e  s a t u r a t e d  

zones or both inc lude  g r a n i t i c  

rocks ,  metamorphic rocks,  t u f f ,  

basa l t ,  and basin f i l l .  

* Long ground-water flow pa ths  

from p o t e n t i a l  h o s t  rocks i n  

low permeabi l i ty  media i n d i c a t e  

p o t e n t i a l  foE long t r a v e l  

times t o  na tura l -d ischarge  

areas. 

* Tectonic  a c t i v i t y  is  low as 

i n d i c a t e d  by few seismic epi- 

c e n t e r s ,  and slow t o  moderate 

v e r t i c a l  u p l i f t .  

* No evidence of P le i s tocene  lakes  

i n  t h e  subprovince.  

* C r y s t a l l i n e  igneous and meta- 

morphic rocks y i e l d  small  

q u a n t i t i e s  of water t o  wells. 

* P r e c i p i t a t i o n  i s  g r e a t l y  exceeded 

* Large ground-water with- 

drawals i n  some u n i t s  

r e s u l t  i n  s h o r t e r  f low pa ths  

from ground-water d i v i d e s  t o  

d i scha rge  a reas .  

* Ground-water i n  most of t h e  

a r e a  is f r e s h .  

* Local ly ,  haza rds  of seismic 

condi t ions ,  f a u l t i n g ,  and 

volcanism need t o  be assessed .  

* Parts of western Arizona and 

C a l i f o r n i a  con ta in  complex 

bedrock geology t h a t  is not  

well known. 

I 
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. 
Uni ts  0501, 0503,  0506, and 0523 a r e ,  i n  p a r t ,  t r i b u t a r y  t o  

and extend a c r o s s  t h e  I n t e r n a t i o n a l  border w i t h  Mexico. Ground- 

water u n i t s  0526, 0529,  0537, and u n i t s  i n  c e n t r a l  Arizona 

provide r e l a t i v e l y  s h o r t  flow p a t h s  and l i m i t e d  outcrops  of 

p o t e n t i a l  host rocks.  

Sal ton Trough subprovince 

The Sal ton Trough subprovince ( f i g .  7 )  of southern  C a l i f o r n i a  
---------- ---- ----- --- 
Figure  7 belongs near here.  

is a l a r g e  d e s e r t  trough with a broad a l l u v i a l  slope and d e l t a  

P ------------- 

p la in .  The trough is a northward ex tens ion  of t h e  b a s i n  i n  

which l i e s  t h e  G u l f  of Ca l i fo rn ia .  The S a l t o n  Trough is bounded 

by mountain ranges on t h e  n o r t h e a s t  and on t h e  southwest.  

The s t ruc tura l  trough is open t o  t h e  sou theas t  where it is 

occupied. by t h e  Gulf of Ca l i fo rn ia .  

G r a n i t i c  rocks a r e  widespread i n  t h e  ranges of t h e  subprovince 

Small outcrops of b a s a l t  and a r e  t h e  primary p o t e n t i a l  h o s t  rocks. 

and t u f f  occur i n  t h e  subprovince.  

Tec ton ica l ly  t h e  subprovince is v e q  a c t i v e  a 5  evidenced 

by t h e  numerous Quaternary f au l t s ,  d e n s i t y  of earthquake 

e p i c e n t e r s ,  Quaternary r h y o l i t e  occurrences,  r a p i d  ra tes  of 

v e r t i c a l  movement, and s i g n i f i c a n t  h e a t  flow. 
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F i g u r e  7 .--The Sa l ton  Trough subprovince,  Ca l i fo rn ia .  

Ground-water u n i t s  are  numbered; t h e  f i r s t  two 

d i g i t s  refer t o  t h e  subprovince; t h e  second two 

d i g i t s  are unique f o r  each ground-water u n i t  

w i th in  t h e  subprovince,  Arrows i n d i c a t e  t h e  

genera l  d i r e c t i o n  of ground-water flow a t  t h e  

water t a b l e ;  black a r e a s  a r e  n a t u r a l  d i scharge  

a r e a s ;  dashed l i n e s  are  steams t h a t  r ece ive  ground- 

water discharge.  

4 4  
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R e l a t i v e l y  long flow pa ths  from g r a n i t i c  i n t r u s i v e  rocks 
r c  

poss ib ly  provide long t r a v e l  time t o  na tura l -d ischarge  a r e a s  and 

a r e a s  or ground-water withdrawal i n  the bas in  f i l l .  Thermal 

convect ive flow is s u b s t a n t i a t e d  by geothermal wells and s p r i n g s  

i n  t h e  subprovince.  The water i n  much of t h e  bas in  f i l l  is 

s a l i n e .  The th i ckness  of t h e  unsa tura ted  zone may exceed 150  

meters (500 f e e t )  i n  t h e  topographica l ly  h igher  p a r t s  or t n e  

mountain ranges.  The t rough was occupied by a l a r g e  l a k e  i n  t h e  

l a t e  P l e i s t o c e n e  w i t h  a maximum surface l e v e l  116 meters (380 

f e e t )  h igher  t han  a t  present .  , 
k 

Flow p a t h s  from p o t e n t i a l  h o s t  rocks t o  the n a t u r a l  d i scharge  

a r e a s  may provide long flow times; however, due t o  t n e  degree of . i  

t e c t o n i c  a c t i v i t y ,  t h e  subprovince as a whole g e n e r a l l y  is l e s s  

f avorab le  f o r  s tudy than  most o t h e r  subprovinces.  

t a b l e  summarizes t h e  cond i t ions  i n  t h i s  subprovince: 

The fo l lowing  
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P o t e n t i a l l y  favorable  f a c t o r s  Issues of concern 
~ ~ ~ ~ ~ _ ~ ~ _ _ _ _ ~ _ _ _ ~ ~ ~ _ _  

* P o t e n t i a l  hos t  media p r imar i ly  * Subprovince is t e c t o n i c a l l y  

are  g r a n i t i c  i n t r u s i v e  rocks a c t i v e .  

i n  s a t u r a t e d  and unsa tura ted  * Convective geothermal flow 

zone. system i n  t h e  subprovince 

* Flow pa ths  may provide long  is n o t  def ined ,  

f low times from p o t e n t i a l  h o s t  * The S a l t o n  Sea dur ing  t h e  

rocks  t o  d ischarge  areas. t h e  l a t e  P l e i s t o c e n e  was much 

l a r g e r ;  t h e  water l e v e l  was 

116 meters (380  feet)  h igher  

t han  t h e  p r e s e n t  lake. 

Dur ing  p l u v i a l  cond i t ions ,  

s h o r t e r  f low pa ths  from 

ground-water d i v i d e s  t o  

n a t u r a l  d i scharge  a r e a s  and 

less t h i ckness  and e x t e n t  

of t h e  unsa tura ted  zone may be 

inferred:. 

i 

i 

46 



. #  Mojave subprovince 

The Mojave subprovince of C a l i f o r n i a  ( f i g .  8) i n c l u d e s  t h e  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i g u r e  8 belongs near here.  

Mojave River bas in  ( i n  u n i t s  0703 and 0707) and a s s o c i a t e d  c losed  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

bas ins .  The mountain ranges are mostly metamorphic rocks  and 

g r a n i t i c  i n t r u s i o n s  related t o  the  Sierra Nevada ba tho l i th  (west 

of t h e  Basin and Range Province) .  The mountain ranges are 

i r r e g u l a r  i n  o u t l i n e  and t r e n d  eastward, 

b lock- fau l t ing  t r ends  northwestward. 

although major 

The primary p o t e n t i a l  h o s t  rock is Mesozoic g r a n i t e .  

B a s a l t  and shallow i n t r u s i v e s  are of l imited ex ten t ,  b u t  may 

be p o t e n t i a l  h o s t  rocks i n  t h e  unsa tu ra t ed  zone. 

Tec ton ica l ly  t h i s  subprovince,  l o c a t e d  between t h e  San 

Andreas f a u l t  (near  southern boundary of the subprovince) and 

t h e  Garlock f a u l t  (extends from westernmost p a r t  of u n i t  0707 

through u n i t  0709 i n t o  t h e  Death Val ley  subprovince) ,  is 

cha rac t e r i zed  by widespread, numerous Quaternary  f a u l t s  and 

seismic ep icen te r s .  V e r t i c a l  movement is moderately great i n  

th ,e  w s s t  t o  moderately low i n  t h e  e a s t .  Heat flow i n  t h e  

subprovince gene ra l ly  is  1.5 t o  2.5 HFU.  Quaternary f a u l t s  

and seismic e p i c e n t e r s  a r e  common i n  t h e  western th ree -qua r t e r s  

of t h e  subprovince,  b u t  only a few such f e a t u r e s  occur i n  t h e  

eastern o n e q u a r t e r .  Late Cenozoic vo lcan ic  a c t i v i t y  is r e l a t i v e l y  

common throughout.  
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Figure 8.--The Mojave subprovince,  C a l i f o r n i a ,  showing p rospec t ive  

areas (shaded) f o r  f u r t h e r  study. Ground- 

water u n i t s  are numbered; t h e  f i r s t  two d i g i t s  

refer t o  t h e  subprovince; t h e  second two d i g i t s  

are unique f o r  each ground-water u n i t  w i th in  t h e  

subprovince.  Axrows i n d i c a t e  t h e  genera l  d i r e c t i o n  

of ground-water flow a t  t h e  water table;  black 

a r e a s  a r e  n a t u r a l  d i scha rge  \areas; dashed l i n e s  a r e  

s t reams t h a t  r ece ive  ground-water d i scharge ;  a r e a s  

o u t l i n e d  by s o l i d  hachured l i n e s  are a r e a s  of 

withdrawal by wells . 
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Flow p a t h s  from ground-water d i v i d e s  t o  na tura l -d ischarge  

p o i n t s  and areas of withdrawal a r e  long i n  many u n i t s ,  and 

i n d i c a t e  p o t e n t i a l l y  long t r a v e l  times. Ground-water withdrawal is 

l a r g e  i n  many u n i t s .  The water q u a l i t y ,  gene ra l ly  s u i t a b l e  f o r  

most uses except  i n  playa a r e a s ,  does no t  preclude f u r t h e r  

development i n  many u n i t s .  Severa l  of t h e  p layas  were occupied 

by lakes  or marshes i n  t h e  l a te  P le i s tocene .  Discharge of ground 

water is mostly i n t e r n a l  t o  p l ayas  or t o  t h e  Mojave .River,  

I n t e r b a s i n  flow poss ib ly  occurs  from u n i t  0703 i n t o  t h e  Death 

Val ley subprovince (Richard Moyle, U.S. Geological  Survey, oral. 

commun,, 1982). Areas of unsa tura ted  zone t h i c k e r  than  150 

rdeters (500 feet)  are widespread; t h e  la rges t  areas being p r e s e n t  

i n  t h e  e a s t e r n  p a r t  of t h e  subprovince.  

The p o t e n t i a l  f o r  f u r t h e r  s tudy of environments f o r  

s t o r a g e  of high-level  r a d i o a c t i v e  waste i s  sharp ly  c o n t r a s t e d  

between t h e  e a s t e r n  p a r t s  of u n i t s  0702 and 0703, and t h e  c e n t r a l  

and western p a r t  of t h e  subprovince.  The e a s t e r n  p a r t s  of 0702 

and 0703 appear t o  have p o t e n t i a l  f o r  f u r t h e r  study because of 

. .  

gene ra l ly  low t e c t o n i c  a c t i v i t y ,  common occurrence of g r a n i t i c  

rocks,  l a r g e  areas of t h i c k  unsa tura ted  zone, long flow pa ths ,  

and minor ground-water withdrawal.  



Fac to r s  which have impact on t n e  geohydrologic s u i c a b i l i t y  

f o r  r e p o s i t o r y  s i t i n g  i n  t h e  e a s t e r n  p a r t s  of u n i t s  0702 and 0703 

(shaded i n  f i g u r e  8 1 ,  a r e  summarized i n  t h e  tab le  below: 

* P o t e n t i a l  h o s t  rocks inc lude  * 
g r a n i x i c  i n t r u s i v e  rocks i n  t h e  

saturated and unsa tura ted  zones,. 

and Dasalt, shallow i n t r u s i v e s ,  

and bas in  f i l l  i n  t h e  unsat-  * 
s a t u r a t e d  zone. 

* Quaternary  f a u l t s  and seismic 

e p i c e n t e r s  a r e  few; ra tes  of 

v e r t i c a l  movement are  moderate. 

* Long flow pa ths  from p o t e n t i a l  

h o s t  media t o  na tura l -d ischarge  

a r e a s  provide p rospec t ive ly  long 

flow times through c r y s t a l l i n e  

bedrock and f ine-gra ined  phases  

of t h e  bas in  f i l l .  

Hazards of t e c t o n i c  ac- 

t i v i t y  needs t o  be a s ses sed  

l o c a l l y ,  e s p e c i a l l y  vol- 

canism. 

Ground water is f r e s h ,  

except  i n  p l aya  areas, and 

f u r t h e r  development may 

occur . 
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L , .  Death Valley subprovince 

The Death Val ley subprovince of C a l i f o r n i a  and Nevada. ( f i g .  9) 
.......................................................... 
F i g u r e  9 belongs near here.  

i nc ludes  t h e  l a r g e  ground-water flow system t h a t  d i scha rges  i n  the 

Amargosa Desert, Death Val ley ,  Owens Valley,  and s e v e r a l  smal le r  

c losed  bas ins  i n  C a l i f o r n i a  and Nevada. The mountain ranges  a r e  

......................................................... 

fo lded  and f a u l t e d  Precambrian and Paleozoic  sedimentary rocks  

w i t h  some masses of deformed Mesozoic sedimentary rocks,  and 

g r a n i t i c  i n t r u s i o n s ,  l o c a l l y  o v e r l a i n  by T e r t i a r y  and Quaternary  

vo lcan ic  rocks.  

Deep-seated g r a n i t i c  rocks,  mostly of Mesozoic age with some 

of T e r t i a r y  and Precambrian age, a r e  widespread. These rocks  

occur both above and below t h e  water t a b l e  w i t h i n  the dep th  

considered f o r  r e p o s i t o r i e s .  Basa l t  i s  common, p a r t i c u l a r l y  i n  

C a l i f o r n i a ,  and may be a prospeccive h o s t  rock i n  the unsaturated-  

zone. Thick sequences of ash-flow t u f f  occur i n  and near  c a l d e r a s  

i n  t h e  Nevada p a r t  of t h e  subprovince.  Shale  and a r g i l l i t e  

of Precambrian and Paleozoic  age c rop  out  i n  the C a l i f o r n i a  p a r t  

of t h e  subprovince; middle  Paleozoic  s h a l e  occurs  i n  t n e  Nevada 

p a r t  of t he  subprovince.  Thicknesses of und i s tu rbed  shale may be 

a s  g r e a t  as 900 meters  (3 ,000  f e e t ) ;  however, i n  most occurrences,  

t h e  s h a l e  is s t r u c t u r a l l y  deformed, and may t h i n  ab rup t ly  by , 

f a u l t i n g  or fo ld ing .  

51 



F i g u r e  9.--The Death Val ley subprovince,  C a l i f o r n i a  and Nevada, 

showing prospec t ive  areas (shaded) for f u r t h e r  

s tudy.  Ground-water u n i t s  are  numbered; 

t h e  f i r s t  two d i g i t s  refer t o  t n e  subprovince; t h e  

second two d i g i t s  a r e  unique f o r  each ground'- 

water u n i r  w i th in  t h e  subprovince.  Arrows i n d i c a t e  

t h e  genera l  d i r e c t i o n  ot ground-water flow a t  t h e  

water t a b l e ;  black a r e a s  a r e  n a t u r a l  d i scharge  

a r e a s ;  dashed l i n e s  a r e  s t reams t h a t  r ece ive  ground- 

water discharge.  Areas o u t l i n e d  by s o l i d  hachured 

l i n e s  a r e  a r e a s  of s i g n i f i c a n t  ground-water withdrawal 

by wells. 
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Tec ton ica l ly  t h e  subprovince i s  dichotomous. The western 

p a r t ,  i nc lud ing  u n i t s  0 8 0 4 ,  0807, 0811,  0812, 0813, 0814, and 

0815, has  numerous Quaternary  f a u l t s  and l a t e  Cenozoic vo lcan ic  

a c t i v i t y ,  high h e a t  f low, r a p i d  r a t e  of v e r t i c a l  u p l i f t ,  and many 

seismic e p i c e n t e r s .  In May 1982, t h e  U.S.  Geological Survey i s sued  

a "Notice of P o t e n t i a l  Volcanic Hazardn for the Mammoth Lake a r e a  

( i n  u n i t s  0807 and 0815). 

t h e  Mammoth Lake afea are descr ibed  by Miller and o t h e r s ,  

(1982). In  c o n t r a s t ,  t h e  e a s t e r n  p a r t  oz the  subprovince is 

r e l a t i v e l y  i n a c t i v e  t e c t o n i c a l l y .  Exceptions i n  t h e  e a s t e r n  

p a r t  or t h e  subprovince inc lude  Quaternary f a u l t s  i n  

unirss 0802, 0803, and 0804. Quaternary f a u l t s  gene ra l ly  a r e  

s p a r s e l y  mapped i n  each u n i t  w i t h  greater concen t r a t ions  l o c a l l y .  

A s i d e  from t h e  numerous man-made ear thquakes a t  the Nevada T e s t  

S i t e  and t h e  s e i s m i c a l l y  a c t i v e  a r e a  i n  u n i t  0809, t h e  seismic 

a c t i v i t y  i n  t h e  e a s t e r n  p a r t  or t h e  subprovince is  low. Volcanic 

a c t i v i t y  of l a t e  Cenozoic age i n  the e a s t e r n  p a r t  o r  t h e  subprovince 

i s  l i m i t e d  t o  smal l  occurrences i n  t h e  c e n t r a l  p a r t  02 u n i t  0802. 

I 

The p o t e n t i a l  vo lcanic  hazards  i n  

Heat flow i n  t h e  e a s t e r n  p a r t  of t h e  subprovince g.enerally is 

between 1.5 and 2.5 H.FU and l e s s  tnan  1.5 HFU i n  the nor thern  

p a r t  or u n i t  0802 and 0808. Lachenbruch and Sass (1977) and Sass 

and Lachenbruch (1982) a t t r i b u t e  t n e  h e a t  f low of l ess  tnan  1.5 

HFU t o  convect ive flow of h e a t  from t h e  a r e a  by ground water.  The 

a r e a  is under la in ,  i n  p a r t ,  by a r eg iona l  a q u i f e r  i n  carbonate rocks.  

A major d i scharge  a rea  f o r  t h e  carbonate  a q u i f e r  system is i n  t n e  

Amargosa Desert i n  t h e  southwest p a r t  or un ic  0802 i n  Nevada, Where 

thermal water d i scha rges  from many s p r i n g s  or is pumped from 

wel ls .  
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Long ground-water flow pa ths  i n d i c a t e  the  p o s s i b i l i t y  of 

long  f low times i n  u n i t s  0802 through 0810. Ground water 

g e n e r a l l y  is f r e s h  i n  upland a r e a s  and s a l i n e  i n  p laya  areas. 

Water u s e  is  l a r g e  i n  u n i t s  0804 and 0807, i n d i c a t i n g  human access 

t o  p a r t s  of t h e  f low systems b e f o r e  the f low reaches  n a t u r a l -  

d i s c h a r g e  areas. 

Par ts  of t h e  subprovince receives a s  l i t t l e  as 1 0  

c e n t i m e t e r s  (4  i nches )  of p r e c i p i t a t i o n  wnich is g r e a t l y  exceeded 

by p o t e n t i a l  evapo t ransp i r a t ion .  I n  t h i s  a r id  climate, t h i c k  

s e c t i o n s  or unsa tu ra t ed  zone are widely d i s t r i b u t e d  and a p o t e n t i a l  

environment for rad ioac t ive-was te  d i s p o s a l  i n  t h e  subprovince.  

The l a r g e s t  area and greatest  known t h i c k n e s s  of the unsa tu ra t ed  

zone i n  t h e  Bas in  and Range Province occurs  i n  and near  the Nevada 

T e s t  S i t e  i n  u n i t  0802. Severa l  b a s i n s  i n  t h e  subprovince were 

occupied by l a k e s  dur ing  t h e  l a t e  P l e i s t o c e n e .  

l a r g e  changes i n  water l e v e l  dur ing  p l u v i a l  c o n d i t i o n s  m u s t  be 

cons idered  i n  s tudying  sites i n  t h e  unsa tu ra t ed  zone. 

The effect  of 

Seve ra l  of t h e  u n i t s ,  0804, 0807, 0811, 0812, 0813, 0814, 

and 0815, i n  t h e  western p a r t  of the  subprovince appear t o  be l e s s  

f a v o r a b l e  f o r  s tudy  because of greater t e c t o n i c  a c t i v i t y .  The 

areas f o r  which f u r t h e r  in format ion  would be u s e f u l  i n  eva lua t ing  

geohydrologic  environments i nc lude  u n i t s  0801, 0802,  0803, 0805, 

0806,  0808, 0809, and 0810 (shaded areas i n  f i g u r e  9). The 

p o t e n t i a l l y  f a v o r a b l e  f a c t o r s  and issues of concern f o r  these 

u n i t s  are summarized i n  t h e  t ab le  below: 

. .  

54 



P o t e n t i a l l y  favorable  f a c t o r s  Issues' of concern 

* P o t e n t i a l  h o s t  media i n  both t h e  * Tectonic  hazards  need t o  be 

s a t u r a t e d  and unsaturated zones 

inc lude  t u f f  I b a s a l t ,  g r a n i t i c  * Effect of changes i n  

a s ses sed  l o c a l l y .  

rocks?  and bas in  f i l l .  

* L i t t l e  t e c t o n i c  a c t i v i t y  i n  much 

of t h e  no r the rn  p a r t  i n  Nevada and 

t h e  sou theas t e rn  p a r t  i n  C a l i f o r n i a .  

* Ground-water flow pa ths  are 

long from ground-water d i v i d e s  

t o  n a t u r a l  d i scharge  a reas .  

* D i l u t i o n  of wastes may be e f f e c t e d  

along some flow pa ths  by l a r g e  flow 

i n  underlying carbonate  a q u i f e r .  

* P r e c i p i t a t i o n  is  g r e a t l y  exceeded 

by p o t e n t i a l  evapot ranspi ra t ion .  

water l e v e l  and l e n g t h  of 

flow pa ths  dur ing  p l u v i a l  

c o n d i t i o n s  need t o  be 

evaluated. 



White River subprovince 

Figure 1 0  belongs near here .  

i n c l u d e s  t h e  White River and Muddy River b a s i n s  as well as  p a r t  

of t h e  V i r g i n  River bas in ,  a l l  of which are t r i b u t a r y  t o  t h e  Colorado 
I 
I 
I 

River (Lake Mead), and s e v e r a l  t opograph ica l ly  c losed  b a s i n s  i n  
! c e n t r a l  Nevada, The mountain ranges,  many of which are more than  

2,400 meters (7,900 feet) above sea l e v e l ,  are north- t rending 

r i d g e s  of complexly deformed Paleozoic  rocks,  c o n s i s t i n g ,  i n  

l a r g e  part, of l imestone and dolomite.  Younger t u f f  and lava 

occur i n  t h e  southern and western p a r t s  of t h e  subprovince,  and 

l i e  w i t h  angular  discordance on the Paleozoic  rocks. 

Gran i t e  and t u f f  a r e  t h e  most promising h o s t  rocks for  

f u r t h e r  s tudy ,  T h i c k  s e c t i o n s  of ash-flow t u f f  a r e  common, 

e s p e c i a l l y  i n  and near c a l d e r a s ,  I n  many areas, t u f f  occurs  

where t h e  depth t o  water is 150 meters (500 feet)  o r  g r e a t e r .  

G r a n i t i c  rocks occur i n  widespread-, b u t  s p a r s e ,  outcrops i n  both 

t h e  s a t u r a t e d  and unsa tura ted  zones.  Sha le  of Paleozoic  age is 

widespread, b u t  most outcrops show s t r u c t u r a l  complexi t ies ,  and 

, 

a r e  doubt fu l  prospec ts  as r e l a t i v e l y  uniform, and minable h o s t  

rock. 

I 
I 

Quaternary  f a u l t s  and seismic a c t i v i t y  a r e  common i n  t h e  region,  

b u t  n e i t h e r  i s  in t ense ,  except  l o c a l l y ,  Heat flow gene ra l ly  i s  

l e s s  than  2.5 HFU.  Quaternary vo lcan ic  c e n t e r s  occur i n  seve ra l  1 
i 

u n i t s  ( 0 9 0 1  and 09051, The r a t e  of v e r t i c a l  u p l i f t  is  moderately 

rap id .  



F i g u r e  10.--The White  River subprovince,  Arizona, Nevada, 

and Utah, showing p rospec t ive  a r e a s  (shaded) f o r  

f u r t h e r  study. Ground-water u n i t s  a r e  numbered; 

t h e  f i r s t  two d i g i t s  r e f e r  t o  t h e  subprovince; 

t h e  second two d i g i t s  are unique f o r  each ground- 

water u n i c  w i th in  t h e  subprovince.  Arrows 

i n d i c a t e  t h e  genera l  d i r e c t i o n  02 g r  ound-water 

flow a t  t h e  water t a b l e ;  black a r e a s  a r e  n a t u r a l  

discharge a reas ;  dashed l i n e s  a r e  s t reams t h a t  

rece ive  ground-water d i scharge .  
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Bonnevi l le  subprovince 

The Bonnevi l le  subprovince of Idaho, Nevada, and Utah ( f i g .  11) 
.............................................................. 
F i g u r e  11 belongs near here. 

i n c l u d e s  mostly c losed drainage bas ins ,  a s  well a s  s e v e r a l  b a s i n s  

t r i b u t a r y  t o  t h e  Snake River northwest  of t he  subprovince i n  Idaho. 

Large c losed  b a s i n s  include t h e  Bonnevi l le  S a l t  F l a t ,  Grea t  S a l t  

Lake ,  and the  Sev ie r  Desert. Smaller c losed  b a s i n s  are inc luded  

i n  t h e  western and southern p a r t s  of the subprovince.  

..................................................... 

The mountain ranges are complexly folded and f a u l t e d  Pa leozoic  

rocks t h a t  were divided i n t o  north- t rending s t r u c t u r a l  b locks  by 

T e r t i a r y  and Quaternary f a u l t i n g .  I n  t h e  southern  p a r t  o r  t n e  

subprovince,  vo lcanic  rocks form large p a r t s  ot some mountain 

ranges.  I n  t h e  northern p a r t ,  vo lcan ic  rocks a r e  young, and occur 

mostly i n  t h e  bas ins .  

P o t e n t i a l  h o s t  rocks inc lude  p r i n c i p a l l y  g r a n i t i c  rocks and 

ash-flow t u f f .  Basa l t  exceeding 1 0 0  meters (330 feet)  i n  aggrega te  

th i ckness  has  been mapped i n  one a r e a  i n  u n i t  1003. G r a n i t e  0-f 

T e r t i a r y  age is exposed i n  u n i t  1 0 1 2  i n  Idaho; i n  u n i t s  1002 ,  

1 0 0 3 ,  1 0 0 5 B ,  1005D,  1005E, and 1 0 , l O D  i n  Utah; and i n  u n i t s  1005B, 

1006  and 1 0 0 7  i n  Nevada. 
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F i g u r e  11.--The Bonnevi l le  subprovince,  Idaho,.Nevada, and Utah, 

showing prosp.ective a r e a s  (shaded) f o r  

f u r t h e r  study. Ground-water u n i t s  are numbered; 

t h e  f i r s t  two d i g i t s  refer t o  t n e  subprovince; 

t h e  second two d i g i t s  a r e  unique f o r  each ground- 

water u n i t  w i t h i n  t h e  subprovince.  Arrows 

i n d i c a t e  the genera l  d i r e c t i o n  of ground-water 

flow a t  t h e  water t a b l e ;  black a r e a s  a r e  n a t u r a l  

d i scharge  a r e a s ;  dashed l i n e s  a r e  s t reams t h a t  

r e c e i v e  ground-water d i scharge .  Areas ou t l ined  

by s o l i d  hachured l i n e s  are  a r e a s  of s i g n i f i c a n t  

ground-water withdrawal by wells. 
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Thin t u f f ,  gene ra l ly  less  than  60 meters (200  f e e t )  t h i c k ,  

occurs  i n  t h e  Idaho p a r t  of t h e  subprovince.  However, t u f f  a s  

t h i c k  a s  900 meters ( 3 , 0 0 0  f ee t )  occur i n  t h e  southern p a r t  of 

t h e  subprovince i n  u n i t s  1 0 0 1 ,  1 0 0 2 ,  and 1 0 0 3 ,  and 1005B. 

Undi f f e ren t i a t ed  vo lcan ic  rocks, inc luding  b a s a l t  f lows and 

a s h - f a l l  t u f f ,  occur i n  u n i t  1005A. Laharic  breccia g r e a t e r  than  

600 meters (2,000 fee t )  t h i c k  h a s  been repor ted  i n  u n i t 1 0 1 7  i n  

Idaho. 
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. 
Argi l laceous  rocks occur widely i n  s t r a t i g r a p h i c  sequences I .  

300 t o  1 , 8 0 0  meters ( 1 , 0 0 0  t o  6 , 0 0 0  f e e t )  t h i c k  as s h a l e ,  s l a t e ,  

and s c h i s t ,  bu t  most a r e  s t r u c t u r a l l y  deformed. A t h i c k  1,500- 

meter (5,000-foot) s e c t i o n  of e v a p o r i t e s  was pene t r a t ed  i n  two 

wells i n  u n i t 1 0 0 5  a t  an  i n i t i a l  depth of about  750 meters (2,500 

f ee t )  

Tec ton ica l ly ,  t h e  zone bordering t h e  eastern edge of t h e  

subprovince,  along t h e  Wasatch Range, and p a r t s  of Idaho are 

active. 

( g r e a t e r  than  90 C) occur mostly i n  t h e  subprovince near t h e  Wasatch 

Range and i n  t h e  Raft River area ( u n i t  1 0 1 2 ) .  

western p a r t  of t h e  subprovince,  deep hydrothermal systems 

a r e  i n d i c a t e d  by warm (20  t o  90 C) geothermal-spring 

d ischarges .  

1005A, 1Q12, 1016, and 1017. 

is  r e l a t i v e l y  i n a c t i v e  t e c t o n i c a l l y ;  Quaternary  f a u l t s  and 

earthquake e p i c e n t e r s  a r e  sparse .  

with i s o s t a t i c  rebound fol lowing t h e  dec l ine  i n  water l e v e l  of 

Tle i s tocene  Lake Bonnevi l le  h.as been documented (Cr i t tenden ,  1963). 

Hydrothermal convection systems d ischarg ing  hot water  
0 

I n  t h e  c e n t r a l  and 

0 0 

Upper Cenozoic vo lcan ic  rocks occur i n  u n i t s  1 0 0 2 ,  

The western p a r t  of t h e  subprovince 

V e r t i c a l  u p l i f t  a s s o c i a t e d  

6 3  



. 
L C  The Bonneville subprovince con ta ins  some l a r g e  ground- 

water flow systems d ischarg ing  t o  l a r g e  sa l ine  lakes and 

p layas .  Flow u n i t s  i n  t h e  western p a r t  of t h e  subprovince 

gene ra l ly  con ta in  t h e  long flow pa ths  w i t h  p o t e n t i a l l y  long  flow 

times and p o t e n t i a l  h o s t  rocks.  P l e i s tocene  Lake  Bonnevi l le  

extended over a l a r g e  p a r t  of t h e  subprovince a t  an e l e v a t i o n  

about 270 meters (890 feet)  higher  than t h e  p re sen t  Great S a l t  

Lake. Many of t h e ' b a s i n - f i l l  areas are i r r iga t ed  w i t h  ground water. 

Ground water is fresh o u t s i d e  t h e  major n a t u r a l  discharge areas. 

Much of the subprovince has  unfavorable  prospec ts  for f u r t h e r  

s tudy  because of t h e  probable  l a c k  of p o t e n t i a l  hos t  rocks and 

s i g n i f i c a n t  t e c t o n i c  a c t i v i t y .  Uni t s  10203, 1005A ( p a r t )  , 100-5B ( p a r t )  

1005E ( p a r t ) ,  1006,  1007,  1008,  and 1 0 0 9  (shaded i n  f i g .  11) a r e  
.. . .. . .I 

. .  
prospec t ive  a r e a s  f o r  fu r the r  s tudy.  The p o t e n t i a l l y  f avorab le  

f a c t o r s  and issues of concern i n  these u n i t s  a r e  summarized i n  

t h e  fol lowing t a b l e :  
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P o t e n t i a l l y  favorable  f a c t o r s  Issues of concern 

* P o t e n t i a l  hos t  media inc ludes  

t h e  s a t u r a t e d  and unsa tura ted  

zones i n  t u f f ,  g r a n i t i c  rocks 

and b a s a l t .  

* Tectonic  a c t i v i t y  is low, except  

l o c a l l y  . 
* Ground-water flow p a t h s  from 

p o t e n t i a l  host  media t o  n a t u r a l  

d i scharge  areas are long. 

* Di lu t ion  of wastes may be 

effected by l a r g e r  r eg iona l  

flow systems a t  depth. 

: * Tectonic hazards  are 

l o c a l l y  of concern and 

need t o  be addressed 

i n  f u r t h e r  s t u d i e s .  

* I n t e r b a s i n  flow is in-  

ferred t o  occur i n  

carbonate  rocks  a t  

depth; d e f i n i t i o n  of 

deep flow and t r a v e l  

times from p o t e n t i a l  

h o s t  rocks t o  discharge 

a r e a s  need . to  be def ined.  

* Development of ad- 

d i t i o n a l  water s u p p l i e s  

may shor t en  flow pa ths  

t o  a c c e s s i b l e  environ- 

ment. 

* Effect of recur rence  of 

p l u v i a l  c o n d i t i o n s  OR 

gr  ound-water t r a v e l  

t i m e  and e x t e n t  of un- 

saturated zone needs t o  

be fu r the r  s tud ied .  
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i Other  u n i t s  i n  t h e  Bonnevi l le  subprovince are c h a r a c t e r i z e d  

by g e n e r a l l y  g r e a t e r  t e c t o n i c  a c t i v i t y ,  l o c a l l y  high hea t  flow, 

absence of p rospec t ive  h o s t  media, and r e l a t i v e l y  s h o r t  f low p a t h s  

t o  t h e  accessible environment. A l a r g e  p a r t  of t h e  subprovince may 

be inundated by lakes  dur ing  a r ecu r rence  of p l u v i a l  climate. 

I t  should be noted, t h a t  a l though ground-water flow p a t h s  

are  upward and f low p a t h s  are r e l a t i v e l y  s h o r t  i n  t h e  l a r g e  ground- 

water d i s c h a r g e  areas--Bonneville S a l t  F l a t  i n  u n i t  1005 ,  Great S a l t  

Lake  b a s i n  i n  u n i t  1010,  and much of t h e  S e v i e r  Desert i n  u n i t  

1005A-the rate of ground-water movement a t  depths  of 300 t o  

900 meters (1,000 t o  3,000 feet)  is probably very slow. The 

ve loc icy  a t  such dep ths  is slow because of t h e  small average  

f l u x  d e n s i t y  (a r e l a t i v e l y  slow d i scha rge  ra te  throughout  a very  

l a r g e  a rea) ,  and t h e  permeabi l i ty  of t h e  f ine-gra ined  and 

e v a p o r i t i c  b a s i n - f i l l  sediments  is '  low. Also, t h e  f i n e -  

g ra ined  b a s i n - f i l l  sediments have a s i g n i f i c a n t  p o t e n t i a l  

r e t a r d a t i o n  ra te  f o r  r ad ionuc l ides .  These g e n e r a l i z a t i o n s  are  

t rue t o  some degree  f o r  a l l  d i scha rg ing  p laya  areas. I n  genefar ,  

we have  no t  cons idered  p laya  discharging.  areas as f a v o r a b l e  

environments fo r  waste i s o l a t i o n ,  one reason  be ing  the f a c t  

t h a t  longer  t r a v e l  times e x i s t  upgradien t  from t h e  playas.  
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I Lahontan subprovince 

The Lahontan subprovince of C a l i f o r n i a ,  Nevada, and Oregon 

( f i g .  12) encompasses t h e  major i n t e r i o r  dra inage  b a s i n s  of 

Figure 12 belongs near here. 

nor thern  and western Nevada, inc luding  t h e  Humboldt, T r u c k e e ,  and 

Walker Rivers ,  and s e v e r a l  l a r g e  d ischarg ing  p l ayas  - Black Rock 

Desert, Smoke Creek Desert, Pyramid Lake ,  Dixie  Val ley,  Walker 

Lake, and Carson S ink .  The area of P le i s tocene  Lake Lahonton, a s  

well as  s e v e r a l  small c losed  b a s i n s  are wi th in  t h i s  subprovince.  

The mountain ranges  a r e  f a u l t  blocks of complexly f o l d e d  

and fau l ted  Triassic  and Jurassic sedimentary rocks  o v e r l a i n  by 

T e r t i a r y  vo lcan ic  rocks.  

.......................... ------------------ 

-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P o t e n t i a l  h o s t  rocks i n  t h e  subprovince inc lude  g r a n i t i c  

rocks,  b a s a l t  and ash-flow t u f f .  G r a n i t i c  rocks are widespread, 

w i t h  most appearing t o  be ex tens ions  of t h e  S i e r r a  Nevada 

i n t r u s i o n ,  Basalt and a n d e s i t e  a r e  widespread, b u t  i n d i v i d u a l  

f lows commonly a r e  l ess  than  15 meters (50 f e e t )  t h i c k ,  Ash-flow 

t u f f  is no t  uniformly d i s t r i b u t e d ,  b u t  occurs  i n  t h i c k n e s s e s  g r e a t e r  

than  90 meters (300 f e e t )  i n  u n i t s  1106,  1107,  1108,  1112, and 1117. 

Shales  and o the r  a r g i l l a c e o u s  rocks occur i n  t h e  easternmost  

p a r t  of t h e  subprovince i n  s t r a t i g r a p h i c  s e c t i o n s  as t h i c k  a s  

1 , 8 0 0  meters (5,900 f e e t ) .  V i r t u a l l y  a l l  these u n i t s  have been 

fo lded  and t h r u s t - f a u l t e d .  
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Figure 12.--The Lahontan subprovince,  C a l i f o r n i a ,  Nevada, 

and Oregon, showing prospec t ive  a r e a s  (shaded) f o r  

f u r t h e r  study. Ground-water u n i t s  are numbered; 

t h e  f i r s t  two d i g i t s  r e f e r  t o  t h e  subprovince; t h e  

second two d i g i t s  a r e  unique f o r  each ground-water 

u n i t  w i t h i n  t h e  subprovince.  Arrows i n d i c a t e  t h e  

genera l  d i r e c t i o n  of ground-water flow a t  t h e  

water t a b l e ;  black a r e a s  a r e  n a t u r a l  d i scharge  

a r e a s ;  dashed l i n e s  a r e  s t reams t h a t  r e c e i v e  

ground-water discharge.  
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Quaternary f a u l t i n g  and se i smic i ty  gene ra l ly  a r e  g r e a t ,  
' I  

p a r t i c u l a r l y  i n  t h e  western p a r t  of t h e  subprovince.  

Upper Cenczoic volcanic  rocks have been mapped i n  u n i t s  1112 and 

1119; vo lcanic  rocks of p o s s l b l e  Quaternary age occur i n  u n i t s  1117 

and 1118. Heat flow is  g r e a t e r  than 2.5 HFU,  i n  t h e  no r the rn  

p a r t  of t h e  subprovince,  from t h e  e a s t e r n  margin of u n i t  1112 

t o  t h e  western border of t h e  subprovince.  Hydrothermal convect ion 

systems with temperatures  g r e a t e r  than 90 C are i n d i c a t e d  

by t h e  many, widespread thermal sp r ings  i n  t h e  subprovince.  

Rates of u p l i f t  are moderately r a p i d  and may be related i n  part t o  

i s o s t a t i c  rebound of l a t e  P le i s tocene  Lake  Lahontan, P l e i s t o c e n e  

Lake Lahontan, with a surface e l e v a t i o n  about  270 meters (890 

0 

f e e t )  above t h e  p re sen t  bas in  f l o o r ,  covered an a r e a  of 

22,000 square k i lometers  ( 8 , 5 0 0  square miles).  

Flow pa ths  a s  long a s  60 k i lometers  (37 miles) may provide 

long t r a v e l  times from ground-water d i v i d e s  t o  na tura l -d ischarge  

a r e a s  i n  bedrock of low permeabi l i ty .  
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The no r the rn  p a r t s  of u n i t s  1112  and 1117 (shaded i n  
8 0  

f i g .  12) may be p rospec t ive  areas  f o r  f u r t h e r  s t u d y ,  a s  

summarized below: 
........................................................ 

P o t e n t i a l l y  f avorab le  f a c t o r s  I s s u e s  of concern 

* P o t e n t i a l  h o s t  media e x i s t s  i n  sat- * Heat flow is g r e a t e r  t h a n  

u r a t e d  and unsa tu ra t ed  zones. 2.5 HFU i n  p a r t  of t h e  area, 

* Tec ton ic  a c t i v i t y  g e n e r a l l y  is low i n d i c a t i n g  p o s s i b l e  tec- 

* Long flow p a t h s  from ground-water t o n i c  i n s t a b i l i t y  . 
d i v i d e s  t o  na tu ra l -d i scha rge  areas * Ground water is fresh 

may provide  long  t r a v e l  times. i n  most of t h e  area. 

* Exten t  and t h i c k n e s s  of 

t h e  u n s a t u r a t e d  zone 

would be decreased  by 

r ecu r rence  of p l u v i a l  

The o t h e r  ground-water u n i t s  and t h e  sou the rn  p a r t s  of u n i t s  

1112  and 1117 of t h e  Lahontan subprovince are  cons idered  l e s s  

f a v o r a b l e  f o r  f u r t h e r  s tudy because of t e c t o n i c  a c t i v i t y ,  i n c l u d i n g  

Qua te rna ry  f a u l t i n g ,  a r e a s  of l a t e  Cenozoic volcanism, h i s t o r i c  

ear thquake a c t i v i t y  and high h e a t  flow. Par t s  of t h e  area are  

c h a r a c t e r i z e d  by s h o r t  ground-water flow pa ths  and evidence 

i n d i c a t i n g  widespread inundat ion  during p l u v i a l  c l ima tes .  
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Lake and Lava subprovince 

The Lake and Lava subprovince of C a l i f o r n i a ?  Nevada, and 

Oregon ( f i g .  13) is  a young? block-faul ted l a v a  p l a t eau  with 

Figure 13 belongs near here. 

pe renn ia l  l akes  and numerous vo lcan ic  cen te r s .  T e r t i a r y  and 

Quaternary  l a v a  flows p r i n c i p a l l y  a r e  b a s a l t i c  and a n d e s i t i c  

i n  composition and are i n t e r c a l a t e d  with some ash-flow t u f f .  

Prominent s ca rps ,  as high as  750 meters (2,500 fee t ) ,  mark t h e  

b lock- fau l ted  bas ins ,  many of which have pe renn ia l  l a k e s ,  
. .  

Exte r io r  dra inage  from p a r t  of t h e  reg ion  is by t h e  Rlainath and 

P i t  Rivers ;  o t h e r  b a s i n s  i n  t h e  reg ion  are  dra ined  i n t e r n a l l y  t o  

s a l i n e  pe renn ia l  l a k e s ,  o r  ephemeral playa l a k e s  having mud-salt 

f l a t s .  

P o t e n t i a l  h o s t  rocks p r imar i ly  inc lude  b a s a l t  and 

smal l  ou tcrops  of ash-flow t u f f .  G r a n i t i c  rocks a r e  l i m i t e d  t o  

a few r e l a t i v e l y  small outcrops.  Unsaturated s e c t i o n s  t h i c k e r  

than 150 meters  (500 f e e t )  are  l i m i t e d  i n  ex ten t .  
0 

Upper Cenozoic volcan-ic rocks a r e  widespread west of 1 2 1  

West longi tude .  Seismic a c t i v i k y  and f a u l t i n g .  a r e  local-ly 

in t ense .  Heat f low is g r e a t e r  than average f o r  t h e  subprovince 

ranging from 1.5 t o  more than 2.5 HFU. Hydrothermal convection 

systems a r e  i n d i c a t e d  by t h e  widespread occurrence of sp r ing  
. .  

V 

discharge  w i t h  temperatures g r e a t e r  than  90 C. Rates  of 

v e r t i c a l  u p l i f t  a r e  4 t o  6 meters (13 t o  20 fee t )  per 1 0 , 0 0 0  

years .  
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Figure  13.--The Lake  and Lava subprovince,  C a l i f o r n i a ,  Nevada, 

and Oregon. Ground-water u n i t s  a r e  numbered; t h e  

f i r s t  two d i g i t s  refer t o  t h e  subprovince; t h e  

second two d i g i t s  are unique f o r  each ground-water 

u n i t  w i t h i n  t h e  subprovince. Arrows i n d i c a t e  t h e  

gene ra l  d i r e c t i o n  of ground-water flow a t  t h e  water 

tab le ;  black areas  a r e  n a t u r a l  d i scha rge  areas; dashed 

l i n e s  are  s t reams t h a t  r e c e i v e  ground-water discharge.  

Areas o u t l i n e d  by s o l i d  hachured l i n e s  are  areas of 

s i g n i f i c a n t  ground-water withdrawal by wells. 
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Flow s y s t e m s  a r e  i n  vo lcan ic  rocks and bas in  fill. Volcanic 
* ,  

rocks,  p r imar i ly  b a s a l t  and b a s a l t i c  a n d e s i t e  commonly a r e  a q u i f e r s ,  

and  a r e  inhomogeneous and d i f f i c u l t  t o  d e l i n e a t e .  Flow l e n g t h s  from 

d i v i d e s  t o  n a t u r a l  d i scharge  a r e a s  commonly a r e  l e s s  than  2 4  

k i lome te r s  (15 miles). Flow times i n  l a r g e l y  permeable b a s a l t i c  

rocks  are  probably not  long. Ground water gene ra l ly  is fresh,  

d i s so lved- so l id s  concen t r a t ions  gene ra l ly  are less  than  500 mg/L, . . I  

except  near p laya  lakes.  

p l u v i a l  lakes  during t h e  P le i s tocene  Epoch. 

The closed bas ins  were occupied by 
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The region con ta ins  l i m i t e d  a r e a s  f avorab le  f o r  f u r t h e r  
J c  

study because of t he  genera l  l a c k  of rocks f o r  i s o l a t i o n  of 

waste,  commonly s h o r t  ground-water flow pa ths ,  and t e c t o n i c  

a c t i v i t y  i n  p a r t  of t h e  subprovince.  I t  is concluded t h a t  t h e  

subprovince is a r e l a t i v e l y  unfavorable  prospec t  f o r  f u r t h e r  

s tudy,  a s  summarized i n  t h e  fol lowing table: 
-------------------_____________I______------ 

P o t e n t i a l l y  f avorab le  f a c t o r s  Issues  of concern 
-----------__---___----------------I------ 

* Host media, though l i m i t e d  i n  

e x t e n t ,  occur i n  both the sat- 

u ra t ed  and unsa tura ted  zones. 

* Tectonic  a c t i v i t y  is  low i n  

e a s t e r n  p a r t  of subprovince.  

* A few- long  flow pa ths  e x i s t  

from p rospec t ive  hos t  rocks t o  

n a t u r a l  d i scha rge  a reas .  

* G r a n i t i c  rocks are of very 

l i m i t e d  e x t e n t .  

* Unsaturated zone is of 

l imi ted  ex ten t .  

* Tectonic  a c t i v i t y  

very g r e a t  l o c a l l y ,  i n -  

c lud ing  ex tens ive  l a t e  

Cenozoic volcanism i n  

t h e  western p a r t  of t h e  

subprovince . 
* A q u i f e r s  i n  b a s a l t  a r e  

d i f f i c u l t  t o  d e f i n e ;  

flow times poss ib ly  

are s h o r t .  
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Conclusions 

The preceding s e c t i o n s  eva lua te  t h e  subprovinces of t h e  Basin 

and Range Province w i t h  t h e  o b j e c t i v e  of i d e n t i f y i n g  l a r g e  a r e a s  

t h a t  appear t o  be prospec t ive  f o r  f u r t h e r  study. It  i s  repea ted  

from P a r t  I of t h i s  r e p o r t  (Bedinger, Sargent ,  and Reed, 1983) 

t h a t  e v a l u a t i o n  cannot be made on t h e  basis of i n d i v i d u a l  f a c t o r s  

a lone.  The u l t i m a t e  eva lua t ion  of an environment needs t o  

recognize t h e  i n t e r r e l a t i o n s h i p s  of a l l  factors  and t h e  effect  of 

each i n  providing m u l t i p l e  barr iers  i n  an i n t e g r a t e d  system. 

The e v a l u a t i o n s  he re  i d e n t i f y  geohydrologic environments i n  l a r g e  

a r e a s  t h a t  may con ta in  p o t e n t i a l  r e p o s i t o r y  s i t e s  and mu1 t i pl e 

b a r r i e r s  t o  rad ionucl ide  migrat ion.  A summary of t h e  a r e a s  

be l ieved  t o  be prospec t ive  f o r  f u r t h e r  study is shown i n  f i g u r e  

14. I n  t h e  nex t  phase of this s tudy ,  s e l e c t e d  a r e a s  w i l l  be 
----_------------------------------------------------ 
Figure 14 belongs near here. 

examined f u r t h e r .  

7 5  

I 

I 
1 



C 

r 

Figure  14.--Prospective areas (shaded) f o r  further study. 
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