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GEOLOGIC ROADLOG 

RENO - STEAMBOAT SPRINGS 

M i l e a g e /  
C u m u l a t i v e  

T h i s  r o a d l o g  b e g i n s  a t  t h e  U n i v e r s i t y  o f  Nevada o l d  
gymnasium p a r k i n g  l o t .  The u n i v e r s i t y  i s  b u i l t  on e a r l y  
Q u a t e r n a r y ,  p a r t i a l L y  c e m e n t e d ,  a l l u v i a l  f a n  d e p o s i t s  o f  
P e a v i n e  M o u n t a i n .  S e v e r a l  d e e p  d r a i n a g e w a y s  t h a t  
t r a n s p o r t e d  m a t e r i a l  f rom P e a v i n e  M o u n t a i n  s o u t h w e s t  t o  t h e  
P l e i s t o c e n e  Tahoe o u t w a s h  f l o o d  p l a i n  h a v e  c u t  i n t o  t h i s  
b a j a d a  complex  t h a t  m a n t l e s  t h e  a l t e r e d  b e d r o c k  f o o t h i l l s  o f  
n o r t h w e s t  Reno. Most o f  t h e s e  o l d  c h a n n e l s  were i n c i s e d  
d u r i n g - a n d  s u b s e q u e n t - t o  t h e  W i s c o n s i n a n  g l a c i a l  s t a g e .  One 
s t e e p - w a l l e d  d r a i n a g e w a y  c u t s  t h r o u g h  t h e  u n i v e r s i t y  campus 
on t h e  e a s t  m a r g i n  o f  t h e  p a r k i n g  l o t .  Many u n i v e r s i t y  
b u i l d i n g s  a r e  c o n s t r u c t e d  i n  t h i s  wash.  N o r m a l l y ,  m a j o r  
f l o o d i n g  i s  n o t  a  p r o b l e m  d u e  t o  t h e  l i g h t  a n n u a l  
p r e c i p i t a t i o n ;  h o w e v e r ,  s e r i o u s  f l o o d  damage o c c u r r e d  
through t h e  c e n t e r  o f  t h e  c?rny1>s a l o n g  t h i s  d r a i n 3 7 o w a y  i n  
m i d - F e b r u a r y  1 9 8 6 .  

0 .0 /0 .0  D r i v e  t o  t h e  w e s t  e n t r a n c e  o f  campus a t  t h e  o l d  gymnasium - - 
and  t u r n  l e f t  ( s o u t h )  o n t o  v i r g i n i a  S t r e e t  (U.S. 3 9 5 ) .  T h i s  
r o u t e  w i l l  t a k e  you f rom n o r t h  t o  s o u t h  t h r o u g h  t h e  c e n t e r  
o f  t h e  T r u c k e e  Meadows. The s t r e e t  c r o s s e s  a n  o l d  c h a n n e l ,  
t h e n  d e s c e n d s  g r a d u a l l y  down t h e  i n t e r m e d i a t e - s l o p i n g ,  
e r o d e d ,  s o u t h w e s t  f a c i n g  f r o n t  o f  t h e  P e a v i n e  b a j a d a  
complex .  

0 .4 /0 .4  C r o s s i n g  o v e r  I n t e r s t a t e  8 0 .  From h e r e  s o u t h  t h e  low- 
g r a d i e n t  s u r f a c e  m a r k s  t h e  n o r t h e r n  m a r g i n  o f  t h e  Tahoe 
o u t w a s h  f l o o d  p l a i n .  R o a d c u t s  t o  t h e  r i g h t  a l o n g  t h e  
I n t e r s t a t e  e x p o s e  g rey-brown u n c o n s o l i d a t e d  and i n t e r b e d d e d  
c o b b l e  g r a v e l  and c o a r s e  s a n d  o f  W i s c o n s i n a n  Tahoe ou twash  
s t a r t i n g  a t  t h e  b a s e  and c o n t i n u i n g  t o  w i t h i n  1 0  t o  1 2  f e e t  
o f  t h e  s u r f a c e .  Above t h e  o u t w a s h  is f i n e  t o  medium p e b b l y  
s a n d  o f  H o l o c e n e  a g e .  T h i s  i s  r e w o r k e d  m a t e r i a l  d e r i v e d  
from P e a v i n e  M o u n t a i n  f a n  d e p o s i t s  t h a t , , h a s  s p r e a d  a s  a  t h i n  
v e n e e r  o v e r  t h e  o u t w a s h .  T h e s e  H o l o c e n e  d e p o s i t s  t h i n  
r a p i d l y  t o  a  f e a t h e r  e d g e  s o u t h  o f  t h e  I n t e r s t a t e  8 0 .  

0 .5 /0 .9  P a s s i n g  u n d e r  t h e  Reno a r c h .  

0 . 2 / 1 . 1  C r o s s i n g  t h e  T r u c k e e  R i v e r .  T h i s  i s  a  p e r e n n i a l  s t r e a m  t h a t  
d r a i n s  L a k e  Tahoe and o t h e r  v a l l e y s  t o  t h e  w e s t  and f l o w s  
t h r o u g h  a  l a r g e l y  a n t e c e d e n t  d r a i n a g e  n o r t h  and e a s t w a r d  
i n t o  P y r a m i d  L a k e ,  a  d i s t a n c e  o f  o v e r  100  mi les .  T h r o u g h o u t  
t h e  T r u c k e e  Meadows, t h e  T r u c k e e  R i v e r  i s  i n c i s e d  i n t o  



W i s c o n s i n a n  o u t w a s h  and H o l o c e n e  s i l t  and  s a n d .  A f t e r  
c r o s s i n g  t h e  r i v e r ,  t h e  s u r f a c . e  r i s i n g  a h e a d  i's c u t  on 
I l l i n o i a n ,  Donner  Lake b o u l d e r y  o u t w a s h .  

C o u r t h o u s e  on  t h e  r i g h t .  For  t h e  n e x t  few b l o c k s  t h e  r o u t e  
a s c e n d s  a  m o d e r a t e l y  d i s s e c t e d  s l o p e  on  Donner Lake o u t w a s h ,  
c r o s s e s  a  s m a l l  summi t ,  t h e n  p r o c e e d s  down a n  e r o s i o n a l  
s l o p e  t h a t  is  o n e  o f  s e v e r a l  m o d e r a t e l y  i n c i s e d ,  b u t  
w e l l - m a r k e d ,  e a s t - t r e n d i n g  d r a i n a g e s .  The ou twash  i n  t h i s  
a r e a  c o n s i s t s  o f  s t r o n g l y  w e a t h e r e d ,  h i g h l y  rounded  b o u l d e r s  
o f  a n d e s i t e ,  m e t a v o l c a n i c s ,  and p l u t o n i c  r o c k s .  The 
p l u t o n i c  r o c k s  a r e  a l m o s t  c o m p l e t e l y  decomposed w i t h i n  t h e  
s o i l  h o r i z o n .  G i a n t  b o u l d e r s  a r e  common. 

Thoma S t r e e t .  C r o s s i n g  a  p o s t - I l l i n o i a n  f a u l t  on t h e  
n o r t h w e s t e r n  m a r g i n  o f  a  n o r t h - t r e n d i n g ,  e l o n g a t e  g r a b e n  i n  
Donner Lake  o u t w a s h .  

A p p r o a c h i n g  V a s s a r  S t r e e t .  On t h e  l e f t ,  Donner Lake ou twash  
i s  e x p o s e d  i n  t h e  embankment a l o n g  Holcomb S t r e e t .  T h i s  i s  
i n f e r r e d  t o  b e  a  f a u l t  s c a r p  f o r m i n g  p a r t  o f  t h e  e a s t e r n  
m a r g i n  o f  t h e  n o r t h - t r e n d i n g  g r a b e n .  Ahead,  t h e  n e a r l y  f l a t  
s u r f a c e  is u n d e r l a i n  b y  t h e  t h i n ,  w e s t e r n  e d g e  o f  Holocene  
s i l t  and s a n d  t h a t  c o v e r s  much o f  t h e  c e n t r a l  T r u c k e e  
Meadows. 

T u r n  r i g h t  o n  Mount Rose S t r e e t  a n d  p r o c e e d  u p  t h e  d e e p l y  
w e a t h e r e d ,  u p p e r  d e p o s i t i o n a l  s u r f a c e  o f  t h e  Donner Lake 
o u t w a s h  f l o o d p l a i n .  T h i s  s u r f a c e  i s  i n f e r r e d  t o  b e  o v e r -  
s t e e p e n e d  b y  Q u a t e r n a r y  f a u l t i n g  a n d  b a s i n  w a r p i n g  ( B i n g l e r ,  
1 9 7 5 ) .  

T u r n  l e f t  o n  L a k e s i d e    rive. F o r  t h e  n e x t  f ew b l o c k s  
L a k e s i d e  D r i v e  p a r a l l e l s  a n  i n f e r r e d  f a u l t  t h a t  s e p a r a t e s  
Donner Lake o u t w a s h  on  t h e  r i g h t  ( h a n g i n g  w a l l )  from 
H o l o c e n e ( ? )  r e w o r k e d  ou twash  on  t h e  l e f t .  

C r o s s  Plumb L a n e .  ~ a k e s i d e    rive c o n t i n u e s  t o  p a r a l l e l  t h e  
p o s t - I l l i n o i n  f a u l t  t h a t  now becomes  m o r e  d e f i n e d  b y  t h e  
b l u f f  o f  Donner  Lake ou twash  on t h e  r i g h t ,  wh ich  f o r m s  t h e  
w e s t e r n  m a r g i n  o f  V i r g i n i a  Lake.  

A c r o s s  t h e  l a k e  t o  t h e  l e f t ,  t h e  e a s t  s h o r e  i s  a l s o  composed 
o f  Donner Lake  o u t w a s h  i n  t h e  h a n g i n g  w a l l  o f  a  
d o w n - t o - t h e - w e s t  f a u l t .  v i r g i n i a  Lake  o c c u p i e s  a  s m a l l  
g r a b e n  a r r a n g e d  e n  e c h e l o n  t o  t h e  o n e  p r e v i o u s l y  m e n t i o n e d  
a t  V a s s a r  a n d  Holcomb S t r e e t s .  

0.2 /3 .1  C o n t i n u e  s t r a i g h t  a h e a d  a l o n g  V i r g i n i a  Lake .  

0.2/3.3 P r o c e e d  up  a  s l i g h t  s l o p e  on L a k e s i d e  l rive.  his is  t h e  
s t r u c t u r a l l y  c o m p l e x  s o u t h e r n  e n d  o f  t h e  V i r g i n i a  Lake 
g r a b e n .  S e v e r a l  b r a n c h i n g ,  p o s t - I l l i n o i a n  f a u l t s  i n t e r s e c t  
h e r e  c o n t r o l l i n g  t h e  l o c a l  t o p o g r a p h y .  

0.5/3.8 Moana Lane i n t e r s e c t i o n .  G e n t l e  s l o p e s  t o  t h e  r i g h t  a r e  
u n d e r l a i n  b y  P e a v i n e  Mounta in  a l l u v i a l  f a n  d e p o s i t s .  Mere 



t h e  f a n s  g r e w  o u t w a r d  from t h e  C a r s o n  Range b l o c k  ( h i g h  
m o u n t a i n s  t o  t h e  r i g h t  and a h e a d )  a n d  a r e  composed o f  
a l t e r e d  a n d e s i  t e ,  and h i g h l y  r o u n d e d  p e b b l e s  r eworked  from 
t h e  i n t r a f o r m a t i o n a l  g r a v e l s  i n  t h e  M i o - ~ l i o c e n e  K a t e  Peak 
F o r m a t i o n .  

Ahead and t o  t h e  l e f t  a r e  e l o n g a t e ,  l o w - l y i n g ,  f a u l t - b o u n d e d  
( d o w n - t o - t h e - w e s t  f a u l t s )  h i l l s  o f  Donner Lake o u t w a s h .  
Both s i d e s  o f  t h e  r o a d  a c r o s s  t h e  s t r e e t  h a v e  m a r s h y  a r e a s .  
T h e s e  a r e  p o i n t s  where  t h e  w a t e r  t a b l e  i n t e r s e c t s  t h e  g r o u n d  
s u r f a c e  p r o b a b l y  c o n t r o l l e d  b y  t h e  f a u l t  on t h e  l e f t  a t  
1 1 : O O .  ( N o t i c e  t h e  s c a r p  b e l o w  t h e  w h i t e  h o u s e ) .  

Turn  l e f t  o n  Moana Lane.  C r o s s  a  f a u l t  e s c a r p m e n t  a n d  c l i m b  
a  h i l l  t h a t  i s  u n d e r l a i n  b y  Donner  Lake ou twash .  C r o s s  t h e  
summit and  p r o c e e d  down t h e  d e p o s i t i o n a l  s l o p e  o f  t h e  Donner 
Lake f l o o d p l a i n  which  h a s  b e e n  o v e r s t e e p e n e d  d u e  t o  
p o s t - I l l i n o i a n  f a u l t i n g  and b y  d i s s e c t i o n  o f  p o s t - I l l i n o i a n  
s t r e a m s  d r a i n i n g  t h e  s u r f a c e .  

T h i s  s t r e t c h  o f  west Moana Lane is  t h e  a p p r o x i m a t e  c e n t e r  o f  
a  4-5 s q u a r e - m i l e  a r e a  o f  t h e r m a l  w a t e r  w e l l s ,  which  p r o d u c e  
w a t e r  r a n g i n g  f rom 1 6 0 ' ~  t o  2 0 5 ' ~  d r i l l e d  100 t o  300 f e e t  
down i n  t h e  b a s i n  f i l l  d e p o s i t s .  The h o t  w a t e r  h a s  b e e n  
used  f o r  c o m m e r c i a l  and r e s i d e n t i a l  h e a t i n g  f o r  a l m o s t  50 
y e a r s .  The Moana Hot S p r i n g s  (located i n  NE/4,S26,T19N, 
R19E) a r e  t h e  l o c u s  o f  t h i s  g e o t h e r m a l  anomaly ,  which  is  
t h o u g h t  t o  b e  c o n t r o l l e d  b y  n o r t h - s o u t h - t r e n d i n g  f a u l t s  
p a r a l l e l i n g  t h e  f r o n t  o f  t h e  C a r s o n  R a n g e . t o  t h e  west 
(Bateman and  S c h e i b a c k ,  1975 ,  Bonham and B i n g l e r ,  1 9 7 3 ) .  
S e v e r a l  o f  t h e s e  f a u l t s  c u t  g l a c i a l  d e p o s i t s  o f  I l l i n o i a n  
a g e .  The h e a t  s o u r c e  is  p resumed  t o  b e  a  c o o l i n g  body  o f  
magma a t  a n  u n d e r t e r m i n e d  d e p t h .  

Those  w e l l s  d i s p l a y i n g  an  a r t e s i a n  h e a d  a r e  l o c a t e d  a l o n g  a  
n o r t h - s o u t h - s t r i k i n g  a l i g n m e n t ,  p r e s u m a b l y  a  f a u l t  o r  f a u l t  
t r a c e .  The s u r r o u n d i n g  wells  d o  n o t  h a v e  s u r f a c e  d i s c h a r g e  
and a r e  g e n e r a l l y  o f  lower  t e m p e r a t u r e s .  T h e s e  w a t e r s  h a v e  
p r o b a b l y  d i f f u s e d  l a t e r a l l y  u n d e r n e a t h  an  impermeab le  c l a y  
zone  t h a t  h a s  b e e n  i n t e r s e c t e d  b y  a b e d r o c k  f a u l t  which  
s u p p l i e s  t h e  h o t  w a t e r .  The h i g h e s t  w a t e r  t e m p e r a t u r e s  come 
from t h e  c o n t a c t  z o n e  between t h e  T e r t i a r y  b e d r o c k  u n i t s  and 
t h e  o v e r l y i n g  c l a y  u n i t ,  which  c a n  m e a s u r e  up  t o  1 5 0  f e e t  
t h i c k .  Hot  w a t e r  is  n o t  g e n e r a l l y  f o u n d  a b o v e  t h i s  c l a y  
z o n e ,  and  many c o l d  w a t e r  wel l s  a r e  d r i l l e d  t h r o u g h o u t  t h i s  
a r e a  . 

0 .6 /4 .4  To t h e  r i g h t  i s  t h e  Moana m u n i c i p a l  p o o l  which is  h e a t e d  by 
g e o t h e r m a l  w a t e r  f rom a  5 0 0 - f o o t  w e l l .  

0 .1 /4 .5  Turn  r i g h t  ( s o u t h )  on V i r g i n i a  S t r ee t .  T h i s  is  t h e  
a p p r o x i m a t e  b o u n d a r y  between t h e  I l l i n o i a n  Donner Lake 
o u t w a s h  a n d  t h e  l a r g e  Holocene  f l o o d p l a i n - s w a m p - l a c u s t r i n e  
c o m p l e x ,  w h i c h  l i e s  d i r e c t l y  t o  t h e  r i g h t  ( e a s t )  and 
o c c u p i e s  much o f  t h e  c e n t r a l  a n d  e a s t e r n  T r u c k e e  Meadows. 
For  t h e  n e x t  f ew mi les ,  l a n d  d e v e l o p m e n t  a l o n g  v i r g i n i a  
s t r e e t  h a s  c o m p l e t l y  o b s c u r e d  t h e  s u b t l e  g e o l o g y  o f  t h e  



g l a c i a l  o u t w a s h  and f a n  d e p o s i t s .  ( F o r  more  i n f o r m a t i o n  
r e f e r  t o  t h e  Reno G e o l o g i c  Map b y  Bonham and ~ i n g l e r ,  1973. )  

0 , 2 / 4 . 7  Peckham Lane .  

0 . 2 / 4 . 9  Reno-Sparks  C o n v e n t i o n  C e n t e r  o n  t h e  l e f t .  Kumle Lane on 
t h e  r i g h t .  A p p r o x i m a t e l y  0 .7  m i l e  t o  t h e  west i s  t h e  
l a r g e s t  c o n c e n t r a t i o n  o f  p r i v a t e  homes h e a t e d  w i t h  
g e o t h e r m a l  w a t e r  f rom t h e  Moana Hot  S p r i n g s .  The wells  a r e  
g e n e r a l l y  100-300 f e e t  d e e p  w i t h  w a t e r  t e m p e r a t u r e s  o f  
1 6 0 ° - 1 8 5 0 ~ .  

0 .6 /5 .5  I n t e r s e c t i o n  o f  S .  McCarran B l v d .  o n  t h e  l e f t .  

0 . 6 / 6 . 1  D e l  Monte Lane and  U.S. 395 N o r t h  e x i t  on t h e  r i g h t .  The 
r o u t e  now l e a v e s  Donner Lake o u t w a s h  d e p o s i t s  and c r o s s e s  
o n t o  H o l o c e n e  f a n  m a t e r i a l  ( s a n d  a n d  g r a v e l )  d e p o s i t e d  from 
s t r e a m s  i s s u i n g  f rom t h e  C a r s o n  Range and t h e  l a r g e  Evans  
Creek  d r a i n a g e  t o  t h e  west ( r i g h t )  . You w i l l  b e  t r a v e l l i n g  
on t h e s e  H o l o c e n e  f a n  d e p o s i t s  t o  t h e  s o u t h e r n  l i m i t  o f  t h e  
T r u c k e e  Meadows. 

On t h e  l e f t ,  t h e  H u f f a k e r  H i l l s  e m e r g e  p r o m i n e n t l y  f rom t h i s  
H o l o c e n e  s u r f a c e .  Composed o f  r h y o d a c i t e  ( a n d e s i t e )  f l o w s  
o f  t h e  ~ i o c e n e  K a t e  Peak F o r m a t i o n  ( 1 3  m.y.) , t h e y  a r e  
a l i g n e d  i n  a  n o r t h - n o r t h e a s t  d i r e c t i o c  and a r e  bounded b y  
down- to - the -wes t  f a u l t s  i n  t h e  b a s e m e n t  r o c k  t h a t  d o  n o t  
t r a n s e c t  t h e  H o l o c e n e  d e p o s i t s .  The h i g h e s t  peak  on  t h e  
n o r t h  end  o f  t h e  h i l l s  is  R a t t l e s t l d k c .  . I ?oun ta in  ( e l e v a t i u i ~  
5 , 0 1 1  f e e t ) .  Beyond H u f f a k e r  H i l l s  i s  t h e  ~ i r g i n i a  Range. 

The p r i n c i p a l  d r a i n a g e  f o r  t h e  s o u t h e r n  T r u c k e e  Meadows i s  
S t e a m b o a t  C r e e k ,  which  o r i g i n a t e s  t o  t h e  s o u t h  a t  Washoe 
Lake and f l o w s  n o r t h w a r d  i n t o  t h e  T r u c k e e  Meadows and a l o n g  
t h e  e x t r e m e  e a s t e r n  e d g e  o f  t h e  v a l l e y .  The T r u c k e e  Meadows 
is u n d e r l a i n  b y  a  s t r u c t u r a l  b l o c k  t h a t  is  bounded b y  B a s i n  
and Range f a u l t s  o n  b o t h  t h e  e a s t  and  t h e  west s i d e s ,  and 
mos t  r e c e n t l y  h a s  b e e n  t i l t e d  t o  t h e  e a s t  i n  t h e  l a t e  
P l i o c e n e  t h r o u g h  e a r l y  P l e i s t o c e n e .  P r e s e n t  t o p o g r a p h i c  
e v i d e n c e  f o r  t h i s  e a s t e r n  t i l t i n g  l i e s  i n  t h e  l a r g e  
f a n - p e d i m e n t  s u r f a c e s  b e i n g  b u i l t  o n  t h e  west s i d e  o f  t h e  
b a s i n ,  t h e  s h a r p  t r u n c a t i o n  o f  t h e  e a s t e r n  m a r g i n  o f  t h e  
b a s i n ,  a n d  t h e  f a c t  t h a t  t h e  s u r f a c e  d r a i n a g e  f l o w s  a l o n g  
t h e  e a s t  e d g e  o f  t h e  v a l - l e y .  

I f  s a f e  t r a f f i c  c o n d i t i o n s  p e r m i t  and  a c l e a r  v i e w  i s  
a v a i l a b l e ,  p u l l  o f f  t o  t h e  r i g h t  s i d e  o f  t h e  r o a d  f o r  a  
s h o r t  summary o f  t h e  C a r s o n  Range.  

The C a r s o n  Range i s  a  n o r t h - t r e n d i n g  m o u n t a i n  b l o c k  o v e r  40 
miles  l o n g ,  which  s p l i t s  o f f  f rom t h e  S i e r r a n  b l o c k  a b o u t  30 
miles s o u t h  o f  h e r e .  I t  i s  b o r d e r e d  on t h e  west b y  t h e  
Tahoe b a s i n ,  on t h e  n o r t h w e s t  a n d  n o r t h  by  t h e  T r u c k e e  R i v e r  
c a n y o n ,  a n d  on  t h e  e a s t  b y  t h e  T r u c k e e  Meadows, Washoe 
V a l l e y ,  and  t h e  C a r s o n  V a l l e y .  

The h i g h e s t  p e a k  i n  t h e  C a r s o n  Range i s  Mount Rose 



( e l e v a t i o n  1 0 , 7 7 6  f e e t ) ,  a  h o r s t  composed o f  T e r t i a r y  
v o l c a n i c  r o c k s  o f  t h e  Miocene K a t e  Peak F o r m a t i o n ,  which 
l i e s  d i s c o r d a n t l y  on  L a t e  J u r a s s i c  o r  E a r l y  C r e t a c e o u s  
g r a n i t i c  r o c k s .  

To t h e  s o u t h  o f  Mount Rose is  S l i d e  M o u n t a i n  ( e l e v a t i o n  
9 , 6 9 8  f e e t ) ,  e x h i b i t i n g  v e r t i c a l  s c a r s .  I t  i s  a  mass  o f  
J u r a s s i c  o r  C r e t a c e o u s  g r a n i t i c  r o c k .  

From Mount Rose n o r t h ,  t h e  r o c k s  o f  t h e  C a r s o n  Range a r e  
p r i m a r i l y  Miocene K a t e  Peak a n d e s i t e  o v e r l a i n  b y  l a t e  
Miocene  o r  P l i o c e n e  b a s a l t i c  r o c k s .  S o u t h  o f  Mount Rose, 
J u r a s s i c - C r e t a c e o u s  y r a n s d i o r i t e  i s  d o m i n a n t .  

I n  g e n e r a l ,  t h e  C a r s o n  Range i s  h o r s t l i k e  - b e i n g  f l a n k e d  
b y  i m p r e s s i v e  f a u l t  s c a r p s  on b o t h  t h e  e a s t  and t h e  west. 
Thompson and W h i t e  ( 1 9 6 4 )  found  t h a t . .  . t h e  warped and 
f a u l t e d  b l o c k  which  f o r m s  t h e  C a r s o n  Range h a s  a  s t r u c t u r a l  
r e l i e f  w i t h  r e s p e c t  t o  b e d r o c k  o f  t h e  b a s i n s  on i t s  e a s t  
s i d e  o f  m o r e  t h a n  8 , 0 0 0  f e e t .  C o n s i d e r i n g  t h e  g r e a t  d e p t h  
o f  Lake Tahoe  ( 1 , 6 0 0  f e e t )  l y i n g  t o  t h e  West, t h e  s t r u c t u r a l  
r e l i e f  o n  t h a t  s i d e  m u s t  b e  a b o u t  a s  g r e a t .  

On t h e  n o r t h  and n o r t h e a s t  s i d e s  t h e  r a n g e  f o r m s  a  p a r t i a l  
dome [ a  d o m i c a l  f o l d  o r  p l u n g i n g  a n t i c l i n a l  s t r u c t u r e ] ,  
wh ich  i s  b r o k e n  b y  n o r m a l  f a u l t s ,  m o s t  o f  which  a r e  
a n t i t h e t i c ,  t h a t  i s ,  t h e  d i s p l a c e m e n t  i s  down on t h e  
m o u n t a i n  s i d e  o f  t h e  f a u l t s  (Thompson and  W h i t e ,  1 9 6 4 ) .  The 
f a u l t  s c a r p s  f a c e  west toward  t h e  u p i i f t .  Along t h e  n o r t h  
a n d  n o r t h e a s t  m a r g i n s  o f  t h e  r a n g e ,  t h e  f a u l t s  a r e  a l s o  
r o u g h l y  c o n c e n t r i c  and  r a d i a l  t o  t h e  e d g e  o f  t h e  dome. 
U p l i f t  h a s  b e e n  p r i m a r i l y  b y  f l e x u r e .  B e c a u s e  m o s t  o f  t h e s e  
c o n c e n t r i c  f a u l t s  h a v e  t h e i r  downthrown s i d e s  t o w a r d  t h e  
i n t e r i o r  o f  t h e  dome, t h e  s t r u c t u r a l  r e l i e f  p r o d u c e d  by 
f a u l t i n g  s u b t r a c t s  f rom t h a t  d u e  t o  u p w a r p i n g .  The s t r a t a  
o f  t h e  dome i s  s t r e t c h e d  o v e r  a  r i s i n g  i n t e r i o r ,  c a u s i n g  t h e  
c e n t e r  t o  f a i l  a l o n g  normal  f a u l t s  a n d  form g r a b e n s .  

F a r t h e r  s o u t h ,  a l o n g  t h e  e a s t  s i d e ,  t h e  d o m i c a l  b o u n d a r y  i s  
r e p l a c e d  b y  g r e a t  n o r m a l  f a u l t s  a l o n g  which  t h e  r a n g e  is 
u p l i f t e d  w i t h  r e s p e c t  t o  t h e  b a s i n s .  I n  t h e  i n t e r i o r  o f  t h e  
r a n g e  [ n o r t h - t r e n d i n g ]  normal  f a u l t s  a r e  a b u n d a n t  and t h e  
s t r a t a  a r e  c o m p l e x l y  warped and t i l t e d ,  b u t  t h e  o v e r a l l  
s t r u c t u r e  i s  t h a t  o f  a  f a u l t e d  a n t i c l i n a l  u p l i f t .  (Thompson 
a n d  W h i t e ,  1 9 6 4 ) .  

Thompson and W h i t e  ( 1 9 6 4 )  c o n c l u d e d  t h a t  i n i t i a l  f a u l t i n g  i n  
t h e  n o r t h e r n  p a r t  o f  t h e  r a n g e  a c c o m p a n i e d  o r  c l o s e l y  
f o l l o w e d  d e p o s i t i o n  o f  Miocene K a t e  Peak e x t r u s i v e  v o l c a n i c  
r o c k s ,  a n d  d u r i n g  t h i s  s a n e  time K a t e  Peak i n t r u s i v e s  were 
r e s p o n s i b l e  f o r  t h e  u p l i f t  o f  J u r a s s i c  o r  C r e t a c e o u s  a g e  
g r a n o d i o r i t e  and m e t a m o r p h i c  r o c k s  ( " t r a p d o o r  f a u l t  b l o c k s " )  
i n  t h e  i n t e r i o r  o f  t h e  r a n g e .  Hudson ( 1 9 8 7 ,  v e r b a l  
c o m m u n i c a t i o n )  s a y s  t h a t  t h e  w a r p i n g  p o s t - d a t e s  t h e  Kate 
Peak F o r m a t i o n .  

Thompson and W h i t e  ( 1 9 6 4 )  a l s o  p o s t u l a t e d  t h a t  vo luminous  



i n t r u s i o n s  a t  d e p t h  may b e  r e s p o n s i b l e  f o r  some o f  t h e  
l a r g e r  s t r u c t u r e s  o f  t h e  C a r s o n  Range ,  i n c l u d i n g  t h e  
n o r t h e r n  d o m i c a l  s t r u c t u r e ,  u s i n g  a s  p o s s i b l e  e v i d e n c e  a  
l a r g e  b l e a c h e d  a r e a  6  miles a c r o s s  t h e  n o r t h e r n  end o f  t h e  
r a n g e .  A c c o r d i n g  t o  Hudson ( 1 9 8 7 ,  v e r b a l  communica t ion)  . 
t h i s  a l t e r e d  a r e a  p r e d a t e s  a n y  w a r p i n g .  

S t r u c t u r a l  movements c o n t i n u e  t o  t h e  p r e s e n t  a s  i n d i c a t e d  by 
e a r t h q u a k e s  r e c o r d e d  i n  t h e  a r e a ,  b y  f a u l t i n g  o f  t h e  l a t e  
Miocene  o r  P l i o c e n e  b a s a l t s  and Q u a t e r n a r y  a l l u v i u m  on t h e  
n o r t h  a n d  n o r t h - e a s t  m a r g i n s  o f  t h e  r a n g e ,  b y  d o w n - c u t t i n g  
o f  t h e  a n t e c e d e n t  T r u c k e e  R i v e r  Canyon and Thomas Creek  
Canyon b y  400 f e e t  s i n c e  t h e  f i r s t  o u t p o u r i n g s  o f  t h e  l a t e  
Miocene  o r  P l i o c e n e  b a s a l t s ,  and b y  t h e  w a r p i n g  ( o r  
d i s t r i b u t i v e  f a u l t i n g )  and p r o m i n a n t  b o u n d a r y  f a u l t s  f a r t h e r  
s o u t h  a l o n g  t h e  e a s t  m a r g i n  o f  t h e  r a n g e .  The warp ing  and 
i m p r e s s i v e  b o u n d a r y  f a u l t s  w i l l  b e  s e e n  f a r t h e r  s o u t h  i n  t h e  
f i r s t  h a l f  o f  R o u t e  2.  

Arguments  s t i l l  e x i s t  o v e r  t h e  d a t e  o f  m a j o r  u p l i f t  o f  t h e  
e a s t e r n  f r o n t  o f  t h e  n o r t h e r n  C a r s o n  B l o c k ,  e s p e c i a l l y  s i n c e  
M i o - P l i o c e n e  v o l c a n i s m .  

L o u d e r b a c k  (1904-1907,  1 9 2 4 )  f i r s t  p r o d u c e d  e v i d e n c e  t h a t  
more  t h a n  5 , 0 0 0  f e e t  o f  p o s t - M i o - ~ l i o c e n e  d i s p l a c e m e n t  
o c c u r r e d  a l o n g  t h e  e a s t e r n  f r o n t  o f  t h e  C a r s o n  Range a t  
Mount Rose .  H e  c o n c l u d e d  t h a t  t h e  e n t i r e  C a r s o n  Range 
( h e n c e  t h e  S i e r r a ? )  was u p l i f t e d  a s  a b l o c k  a l o n g  t h a t  
f r o n t a l  t a u l t  i n  l a t e  P l i o c e n e - e a r i y  r i e i s t o c e n e  t i m e .  H i s  
i n t e r p r e t a t i o n  h a s  b e e n  f u r t h e r  s u p p o r t e d  by Thompson and 
W h i t e  ( 1 9 6 4 )  and a c c e p t e d  b y  many o t h e r s ,  i n c l u d i n g  Hunt 
( 1 9 6 7 ) ,  B u r n e t t  ( 1 9 6 8 ) ,  and M o r r i s o n  ( 1 9 6 5 ) .  

O t h e r  s t u d e n t s  o f  t h i s  p r o b l e m ,  s u c h  a s  Hudson (1960)  and 
Lydon ( 1 9 6 2 ) ,  a g r e e  t h a t  v i g o r o u s  u p l i f t  t o o k  p l a c e  h e r e  i n  
t h e  l a t e  p l i o c e n e - e a r l y  ~ l e i s t o c e n e ,  b u t  d i s p u t e  t h e  a c t u a l  
amount  o f  v e r t i c a l  d i s p l a c e m e n t .  L o v e j o y ' s  ( 1 9 6 4 ,  1966 ,  
1 9 6 8 ,  1 9 6 9 )  f i e l d  s t u d i e s  i n d i c a t e . .  . t h a t  t h e r e  h a s  b e e n  
l i t t l e  s i g n i f i c a n t  f a u l t i n g  a l o n g  t h e  S i e r r a  Nevada f r o n t  a t  
Mount Rose  s i n c e  M i o c e n e - P l i o c e n e  v o l c a n i s m .  H i s  s t u d i e s  o f  
t h e  v o l c a n i c  u n i t s  from Mount Rose  t o  t h e  T r u c k e e  Meadows 
p o s t u l a t e  a  r e l i e f  b e t w e e n  t h e  two a r e a s  o f  o v e r  5 , 0 0 0  ( a n d  
p e r h a p s  a s  much a s  8 , 0 0 0 )  f e e t  i n  t h e  e a r l y  P l i o c e n e .  

Thompson and W h i t e  ( 1 9 6 4 )  r e c o g n i z e d  f o u r  p e r i o d s  o f  
g l a c i a t i o n  i n  t h e  C a r s o n  Range.  The t h r e e  o l d e s t  a r e  

. c o r r e l a t e d  w i t h  t i l l s  d e s c r i b e d  b y  B l a c k w e l d e r  (1931)  
f a r t h e r  s o u t h  i n  t h e  S i e r r a  Nevada.  

The o l d e s t  and m o s t  e x t e n s i v e  S h e r w i n  g l a c i a t i o n  is  
r e c o g n i z e d  b y  h i g h l y  w e a t h e r e d  t i l l  remmants  t h a t  l a c k  
m o r r a i n a l  t o p o g r a p h y .  

The n e x t  two y o u n g e r  t i l l s  a r e  f o u n d  w i t h i n  t h e  m a j o r  
v a l l e y s .  The o l d e r  Tahoe t i l l ,  t h e  more  e x t e n s i v e  o f  t h e  
two,  o c c u r s  o n l y  a s  l a t e r a l  m o r r a i n e s  and i s  c h a r a c t e r i z e d  
b y  g r a n i t e  b o u l d e r s  p a r t i a l l y  w e a t h e r e d  t o  g r u s  i n  a  



y o u t h f u l  A-C s o i l  p r o f i l e .  The  y o u n g e r  To iga  t i l l  h a s  b o t h  
l a t e r a l  and e n d  m o r r a i n e s  p r e s e r v e d  w i t h  u n w e a t h e r e d  g r a n i t e  
b o u l d e r s  i n  a n  A-C s o i l  p r o f i l e .  F r e s h  g l a c i a l  m o r r a i n e s  
a r e  p r e s e n t  i n  some o f  t h e  h i g h  c i r q u e s  and a r e  p r o b a b l y  
r e p r e s e n t a t i v e  o f  t h e  " l i t t l e  ice  a g e "  ( M a t t h e s ,  1942)  . 

0.6/9.6 Z o l e z z i  Lane o n  t h e  r i g h t .  

0.6/10.2 A . r h y o l i t e  dome i s  b e i n g  q u a r r i e d  a t  t h e  b a s e  o f  t h e  
V i r g i n i a  Range a t  9:OO. S t e a m b o a t  H i l l s  ahead  a t  1:OO. 

0.7/10.9 I n t e r s e c t i o n  o f  U.S. 395 ( s o u t h  t o  C a r s o n  C i t y ) ,  S t a t e  Route  
3 4 1  ( e a s t  t o  V i r g i n i a  C i t y ) ,  a n d  S t a t e  R o u t e  4 3 1  (west t o  
Lake Tahoe)  . 

TURN RIGHT o n t o  S t a t e  Rou te  3 4 1  TO BEGIN ROUTE 1 (see page 
8 )  - 

OR 

CONTINUE STRAIGHT AHEAD on U .  S,. 395 TO BEGIN ROUTE 2  (see 
p a g e  24. 



G E O L O G I C  ROADLOG - ROUTE I 

STEAMBOAT SPRINGS - V I R G I N I A  CITY - CARSON CITY - 
WASHOE VALLEY - STEAMBOAT SPRINGS 

Mileage /  
Cumula t ive  

0.0/0.0 T h i s  r o u t e  b e g i n s  a t  t h e  S teamboat  S p r i n g s  i n t e r s e c t i o n  o f  
U.S. 395,  S t a t e  Route  431 (west t o  Lake Tahoe ) ,  and S t a t e  
Route 341 ( e a s t  t o  V i r g i n i a  C i t y ) .  T U R N  EAST ON STATE ROUTE 
341 TO V I ~ G I N I A  C I T Y .  

T h i s  is t h e  a p p r o x i m a t e  s o u t h e r n  bounda ry  o f  t h e  Truckee 
Meadows. 

0.2/0.2 The road  a b r u p t l y  l e a v e s  t h e  Mount Rose fan-pediment  
d e p o s i t s  and d e s c e n d s  i n t o  t h e  f l o o d p l a i n  of  Steamboat  
Creek.  

The l i g h t - c o l o r e d  p i t  a t  9:00 a t  t h e  b a s e  o f  t h e  V i r g i n i a  
Range i s  b e i n g  mined f o r  l i g h t w e i g h t  ' a g g r e g a t e .  I t  is  one  
o f  t h r e e  pumiceous r h y o l i t e  ( P l e i s t o c e n e  Steamboat  H i l l s  
r h y o l i t e )  domes i n  t h i s  v i c i n i t y  d a t e d  a t  1.1 t o  1.5 m.y. 
The  o t h e r  domes a r e  d a t e d  a t  3.0 m.y. They axe  b e l i e v e d  
b e  r e l a t e d  t o  t h e  same magmatic h e a t  s o u r c e  f o r  t h e  
S teamboat  g e o t h e r m a l  a r e a  ( a t  2: 00 )  . 
Ahead, t h e  p a s t e l ,  b l e a c h e d  zones  on  t h e  s l o p e s  o f  t h e  
V i r g i n i a  Range a r e  h y d r o t h e r m a l l y  a l t e r e d  a n d e s i t e s  and 
r h y o d a c i t e s  ( f l o w s ,  b r e c c i a s ,  p y r o c l a s t i c s )  of  t h e  Miocene 
A l t a  and K a t e  Peak Forma t ions ,  The a l t e r a t i o n  d i s t r i b u t i o n  
is c o n t r o l l e d  b y  numerous n o r t h - s o u t h  and e a s t - w e s t  f r a c t u r e  
zones .  

0.8/1.6 Begin c l i m b  up Ge ige r  Grade.  

The ~ i r g i n i a  Range is  composed m a i n l y  o f  a  t h i c k  (maxim& 
10 ,900  f e e t )  s e c t i o n  o f  T e r t i a r y  v o l c a n i c  rocks  c o n s i s t i n g ,  
a t  t h e  b a s e ,  o f  s i l i c i c  ash - f low t u f f s  which a r e  
unconformably  o v e r l a i n  by o v e r  3 ,000  f e e t  o f  a n d e s i t i c  
f l o w s ,  f l o w  b r e c c i a s ,  mud-flow b r e c c i a s ,  and l a c u s t r i n e  
s e d i m e n t s  o f  t h e  e a r l y  Miocene A l t a  Format ion  (17-20 m.y.) . 
O v e r l y i n g  t h e  A l t a  Format ion  a r e  a n d e s i t i c  t o  d a c i t i c  f l o w s ,  
s t o c k s ,  and d i k e s  of  t h e  ~ i o c e n e  Kate  Peak F o r n a t i o n  ( d a t e d  
from 1 2 . 3  t o  14.9 m.y . ) ,  f o l lowed  by  t h e  l a t e  Miocene o r  
P l i o c e n e  Kn icke rbocke r  a n d e s i t e  and Lousetown E'ormation, and 
l a t e r  ~ l i o - P l e i s t o c e n e  s c a t t e r e d  v o l c a n i c s .  About 17 m.y. 
ago h o r n b l e n d e  a n d e s i t e  porphyry  d i k e s  and s t o c k s  o f  t h e  
Davidson d i o r i t e  i n t r u d e d  t h e  e n t i r e  s equence  up th rough  t h e  
A l t a  Fo rma t ion .  



T h e s e  v o l c a n i c  r o c k s  u n c o n f o r m a b l y  o v e r l i e  a b o u t  1 , 3 0 0  f e e t  
o f  Lower M e s o z o i c ( ? )  m e t a - a n d e s i t e ,  m e t a - d i o r i  t e ,  and 
m e t a - g a b b r o  o f  t h e  p e a v i n e  S e q u e n c e  which h a s  b e e n  f o l d e d  
and r e g i o n a l l y  me tamorphosed  ( t o  a t  l e a s t  g r e e n s c h i s t  
f a c i e s )  and t h r u s t e d  d u r i n g  t h e  M i d d l e  ~ u r a s s i c  o v e r  Lower 
J u r a s s i c  a r g i l l i t e  and l i m e s t o n e  o f  t h e  ~ a r d n e r v i l l e  
F o r m a t i o n  and Upper T r i a s s i c  O r e a n a  Peak F o r m a t i o n  p r i o r  t o  
t h e  e m p l a c e m e n t  o f  C r e t a c e o u s  ( ? )  g r a n i t i c  p l u t o n s .  Near t h e  
c o n t a c t s  w i t h  t h e  p l u t o n s ,  m o r e  i n t e n s e  metamorphism h a s  
p r o d u c e d  h o r n f e l s ,  s c h i s t ,  m a r b l e ,  and s k a r n  o f  t h e  
a m p h i b o l i t e  f a c i e s .  

S t r u c t u r a l l y ,  t h e  r a n g e  c o n s i s t s  o f  w e s t - t i l t e d  b l o c k s  
bounded b y  n o r m a l  ( d i p - s l i p )  , n o r t h e a s t - t o  n o r t h w e s t -  
t r e n d i n g  f a u l t s ,  wh ich  d i p  m o d e r a t e l y  o r  s t e e p l y  t o  t h e  
e a s t ,  a n d  a r e  s t e p - f a u l t e d  r e l a t i v e l y  down and t o  t h e  e a s t .  
The r a n g e  is  bounded on t h e  n o r t h  by  t h e  Truckee  R i v e r  
Canyon ( O l i n g h o u s e  f a u l t  z o n e )  a n d  on  t h e  s o u t h  b y  t h e  
C a r s o n  R i v e r  V a l l e y  ( C a r s o n  l i n e a m e n t )  . Both f a u l t  z o n e s  
a r e  n o r t h e a s t -  t r e n d i n g  l i n e a m e n t s  h a v i n g  l e f  t - l a t e r a l  
movement.  

Bedd ing  i n  t h e  v i r g i n i a  Range d i p s  a t  low t o  m o d e r a t e  a n g l e s  
w e s t w a r d  t o w a r d  t h e  a x e s  o f  t h e  r e l a t i v e l y  down-dropped 
T r u c k e e  Meadows and  Washoe V a l l e y .  

The p r e d o m i n e n t  r a n g e - b o u n d i n g  f a u l t  on t h i s  w e s t e r n  f l a n k  
e x t e n d s  f rom t h e  T r u c k e e  R i v e r  s o u t h ,  a l o n g  t h e  r a n g e  f o r  
a b o u t  7 m i l e s .  I t  i s  c h a r a c t e r i z e d  b y  a  series o f  
d i s c o n t i n u o u s  s c a r p s  c o n s i d e r e d  t o  b e  p r e - H o l o c e n e  i n  a g e  
b e c a u s e  t h e y  c u t  m i d - t o  l a t e - P l e i s t o c e n e  a l l u v i a l  f a n s .  
T h e s e  s c a r p s  r e f l e c t  t h e  t r a c e s  o f  s t e e p  t o  m o d e r a t e  
a n t i t h e t i c  ( e a s t - d i p p i n g )  f a u l t s ,  wh ich  form l o n g i t u d i n a l  
v a l l e y s  a l o n g  t h e  r a n g e .  

The C e n o z o i c  d e p o s i t s  were l a i d  down on a  s u r f a c e  o f  l o w  t o  
m o d e r a t e  r e l i e f  c u t  on t h e  M e s o z o i c  r o c k s .  R e p e a t e d  t i l t i n g  
and w a r p i n g ,  accompan ied  b y  b l o c k  f a u l t i n g ,  t o o k  p l a c e  from 
Miocene  t h r o u g h  Q u a t e r n a r y  t i m e  a l o n g  a x e s  t h a t  t r e n d  
n o r t h e a s t  t o  n o r t h w e s t .  Most o f  t h e  d e f o r m a t i o n  i n  t h e  
V i r g i n i a  Range a p p e a r s  t o  p o s t - d a t e  t h e  Lousetown F o r m a t i o n .  
and t h e  K n i c k e r b o c k e r  a n d e s i  t e  ( H u d s o n ,  1984)  . 

+ < 

T h e r e  h a v e  b e e n  3 p e r i o d s  o f  m i n e r a l i z a t i o n ,  a s s o c i a t e d  w i t h  
f a u l t i n g  and magmatism i n  t h e  V i r g i n i a  Range. I n  p r e -  
T e r t i a r y  time where  ~ e s o z o i c  p l u t o n s  came i n  c o n t a c t  w i t h  
t h e  c o u n t r y  r o c k ,  v e i n s  and s k a r n s  y i e l d i n g  m i n o r  a m o u n t s  o f  
t u n g s t e n ,  l e a d ,  z i n c ,  c o p p e r ,  i r o n ,  and p r e c i o u s  m e t a l s  were 
p r o d u c e d .  

The s e c o n d  and m a j o r  p e r i o d  o f  m i n e r a l i z a t i o n  o c c u r r e d  
d u r i n g  Miocene  ( 1 2  t o  14  m.y . )  magmatism and t h e  o u t p o u r i n g  
o f  l o w e r  K a t e  Peak F o r m a t i o n  r o c k s .  Major c e n t e r s  o f  
m i n e r a l i z a t i o n  d u r i n g  t h i s  p e r i o d  i n c l u d e  t h e  G e i g e r  Grade  
a r e a ,  a n d  t h e  Comstock,  W a s h i n g t o n  H i l l ,  Jumbo, C a s t l e  P e a k ,  
and F l o w e r y  d i s t r i c t s .  ~ 1 1  o f  t h e s e  a r e a s  were 
h y d r o t h e r m a l  l y  a l t e r e d ,  b u t  o n l y  w h e r e  m a j o r  f a u l t s  were 



a s s o c i a t e d  w i t h  t h e  h y d r o t h e r m a l  f l u i d s  d o  r i c h  m e t a l  
d e p o s i t s  o c c u r .  Nor th-  s o u t h  t r e n d i n g  f r a c t u r e  z o n e s  were 
formed m a i n l y  p r i o r  t o  and d u r i n g  m i n e r a l i z a t i o n .  An 
e a s t - w e s t  zone  was formed a f t e r  m i n e r a l i z a t i o n .  

The t h i r d  p e r i o d  o f  m i n e r a l i z a t i o n  commenced 2 . 5  t o  3 m.y. 
a g o ,  a f t e r  a  p e r i o d  o f  s t r u c t u r a l  q u i e s c e n c e  and o u t p o u r i n g  
o f  t h e  l a t e  Miocene  o r  P l i o c e n e  K n i c k e r b o c k e r  a n d e s i t e  and 
t h e  Louse town F o r m a t i o n .  I t  i s  r e p r e s e n t e d  by t h e  
P l e i s t o c e n e  r h y o l i t e  domes ( 1 . 2  t o  3 . 0  m.y.) on t h e  w e s t e r n  
b o u n d a r y  o f  t h e  r a n g e ,  t h e  1 .14  m.y. o l d  M c C l e l l a n  Peak 
b a s a l t ,  and  t h e  a c t i v e  h y d r o t h e r m a l  s y s t e m  a t  S t e a m b o a t  
S p r i n g s  ( 3  m.y. t o  t h e  p r e s e n t )  . 
N o t e  t h e  c l a y  p i t  o n  t h e  r i g h t .  M a t e r i a l  from t h e  p i t  was 
u s e d  f o r  b r i c k - m a k i n g  d u r i n g  t h e  f i r s t  h a l f  of  t h e  c e n t u r y .  
Most o f  t h e  r o c k s  i n  t h e  p i t  a r e  a r g i l l i c a l l y  a l t e r e d  
a n d e s i  t es  o f  t h e  A l t a    or mat ion. The p o r p h y r i t i c  
p l a g i o c l a s e - b i o t i t e  d a c i t e  i n  t h e  c e n t e r  o f  t h e  p i t  may b e  a  
f e e d e r  d i k e ( ? )  f o r  a  f l o w  o f  t h e  K a t e  Peak F o r m a t i o n .  

P a s s i n g  a l t e r e d  r o c k s  o f  t h e  Miocene  A l t a  and  K a t e  Peak 
F o r m a t i o n s .  A l t e r a t i o n  o f  t h e s e  r o c k s  o c c u r r e d  1 2  t o  1 4  
m.y. a g o .  

U n a l t e r e d  v o l c a n i c  b r e c c i a  . o f  t h e  K a t e  Peak - F o r m a t i o n .  The 
m o s t  common r o c k  t y p e  i n  t h e s e  a b u n d a n t  K a t e  Peak b r e c c i a s  
( i n c l u d i n g  t u f f  b r e c c i a s ,  f l o w  b r e c c i a s ,  and  l a h a r s )  is  
p o r p h y r i t i c  d a c i t e .  

N o t e  t h e  l a n d s l i d e  b l o c k  a c r o s s  t h e  c a n y o n  a t  10:OO. 

L o o k i n g  a h e a d ,  t h e  n e x t  few r o a d c u t s  e x p o s e  a l t e r e d  A l t a  
F o r m a t i o n .  Only  J e f f r e y  and  p o n d e r o s a  p i n e s  g row on  t h e s e  
a 1  t e r e d  a r e a s .  

G e i g e r  o v e r l o o k .  P u l l  o f f  t h e  r o a d  and p a r k .  Rocks i n  t h i s  
a r e a  a r e  a l t e r e d  a n d e s i t e s  o f  t h e  A l t a  a n d  Ka te  Peak 
F o r m a t i o n s .  The r o a d c u t  a c r o s s  f rom t h e  p a r k i n g  a r e a  
e x p o s e s  h y d r o t h e r m a l  b r e c c i a s  c r o s s - c u t t i n g  A l t a  a n d e s i t e s .  

Walk down t h e  p a t h  t o  t h e  o v e r l o o k  f o r  a  p a n o r a m i c  v i e w  o f  
VJashoe V a l l e y  and Reno, w i t h  t h e  C a r s o n  Range a h e a d  ( t o  t h e  
west) . L o o k i n g  from r i g h t  ( n o r t h )  t o  l e f t  ( s o u t h )  on t h e  
s k y l i n e  a r e  P e a v i n e  ~ o u n t a i n  ( e l e v a t i o n  8 , 2 6 6  f e e t ) ,  M t .  
Rose  ( e l e v a t i o n  1 0 , 7 7 6  f e e t )  , a n d  S l i d e  Mounta in  ( e l e v a t i o n  
9 , 6 9 8  f e e t )  . Below, n e a r  t h e  h ighway  is t h e  l i g h t - c o l o r e d  
s i n t e r  o f  t h e  S t e a m b o a t  S p r i n g s  g e o t h e r m a l  a r e a .  Note  t h e  
numerous  n o r t h - s o u t h - t r e n d i n g  f a u l t s  c u t t i n g  t h e  a l l u v i a l  
f a n - p e d i m e n t  s u r f  a c e  t h a t  s p r e a d s  e a s t w a r d  from t h e  C a r s o n  
Range.  

I n  t h e  c a n y o n  a h e a d  and t o  t h e  r i g h t ,  t h e  o r i g i n a l  G e i g e r  
G r a d e  c a n  b e  s e e n .  

G e i g e r  G r a d e  h i s t o r i c a l  m a r k e r  o n  t h e  r i g h t .  



0.1/7 .6  E n t e r i n g  S t o r e y  C o u n t y .  

0 .2 /7 .8  The r o a d  now c r o s s e s  a n  o l d  e r o s i o n  s u r f a c e  p r o b a b l y  formed 
d u r i n g  P l i o c e n e  t i m e .  

1 . 6 / 9 . 4  ~ e i g e r  Summit ( e l e v a t i o n  6 , 7 9 9  f e e t )  . Here t h e  b l e a c h e d  
A l t a  and  K a t e  Peak a n d e s i t e s  a r e  i n  c o n t a c t .  O u t c r o p s  ahead 
i n  t h e  d i s t a n c e  a r e  u n a l t e r e d  f l o w s  o f  t h e  K a t e  Peak 
F o r m a t i o n .  The r o a d c u t s  a h e a d  a r e  m o s t l y  weakly  a l t e r e d  
f l o w s  o f  t h e  A l t a  F o r m a t i o n .  

Louse town h i s t o r i c a l  m a r k e r  o n  t h e  l e f t .  Rocks i n  t h e  
o u t c r o p  o n  t h e  r i g h t  a r e  A l t a  F o r m a t i o n  ( p o r p h y r i t i c  
a n d e s i t e )  . 
More A l t a  a n d e s i t e  o n  t h e  r i g h t .  

On t h e  h i l l s i d e  t o  t h e  r i g h t ,  s e v e r a l  r e s i s t a n t  d i k e s  o f  
K a t e  Peak  a n d e s i t e  j u t  a b o v e  t h e  g r o u n d  s u r f a c e .  

Look ing  a h e a d  ( s o u t h )  , t h e  s u r f a c e  o f  t h e  e a s t - d i p p i n g  and 
n o r t h - s o u t h -  t r e n d i n g  Comstock f a u l t  f o r m s  t h e  e a s t  s i d e  o f  
M t .  D a v i d s o n  ( t h e  h i g h e s t  p e a k  on  t h e  r i g h t ) ,  a  m a j o r  b r e a k  
i n  t h e  V i r g i n i a  Range.  The l i n e  o f  p i t s  a l o n g  t h e  b a s e  o f  
M t .  D a v i d s o n  r o u g h l y  d e f i n e s  t h e  Comstock f a u l t .  

B e g i n n i n g  h e r e ,  f l o w s  o f  t h e  A l t a  F o r m a t i o n  e x p o s e d  i n  t h e  
r o a d c u t s  a r e  commonly p r o p y l i t i z e d .  ' 

E n t e r i n g  V i r g i n i a  C i t y .  The n o r t h  e n d  o f  t h e  Comstock f a u l t  
b e n d s  t o  t h e  n o r t h e a s t  h e r e  a n d  c u t s  t h e  d r a i n a g e w a y  on t h e  
r i g h t .  

R o a d s i d e  res t  and  p i c n i c  t a b l e s  o n  t h e  l e f t .  P u l l  o f f  t h e  
r o a d  and  p a r k .  

Abundan t  l i t e r a t u r e  e x i s t s  on  t h e  d i s c o v e r y  a n d  h i s t o r y  o f  
t h e  Comstock Lode a n d  V i r g i n i a  C i t y  t h e  s u r r o u n d i n g  a r e a s ,  
s o  o n l y  a  b r i e f  summary w i l l  b e  g i v e n  h e r e .  E x c e l l e n t  
h i s t o r i c a l  r e f e r e n c e s  f o r  t h i s  a r e a  a r e :  

S m i t h ,  G . H .  ( 1 9 4 3 )  The H i s t o r y  o f  t h e  Comstock Lode,  . 
1850-1920 :  Nevada B u r e a u  o f  Mines  & G e o l o q v  B u l l e t i n  37 .  

L o r d ,  E .  ( 1 8 8 3 )  Comstock Mining and E l ine r s :  U.S. G e o l o g i c a l  
S u r v e y  Monograph 4; Howel l -Nor th  Books ,  San D i e g o ,  C a l i f .  

G a l l o w a y ,  J . D .  ( 1 9 4 7 )  E a r l y  ~ n g i n e e r i n g  Works c o n t r i b u t o r y  
t o  t h e  Comstock :  Nevada B u r e a u  o f  Mines  & Geology  B u l l e t i n  
45 .  

The s t o r y  o f  t h e  Comstock Lode ,  t h e  g r e a t  s i l v e r  and g o l d  
b o n a n z a ,  b e g a n  i n  1 8 4 9  s o u t h  o f  ~ i r g i n i a  C i t y  n e a r  t h e  town 
o f  D a y t o n ,  a n  i m m i g r a n t  and Pony E x p r e s s  s t o p  t h e n  known a s  
S p a f f o r d  H a l l ' s  S t a t i o n .  P a s s i n g  i m m i g r a n t s  began  t o  pan 
t h e  s t r e a m s  n e a r b y  i n  wha t  came t o  b e  c a l l e d  Gold Canyon. 
F o r  n e a r l y  a  d e c a d e ,  t r a n s i e n t  m i n e r s  washed t h e  g r a v e l s  o f  



Gold Canyon p o c k e t i n g  a  t o t a l  o f  a r o u n d  $600,000 a s  t h e y  
g r a d u a l l y  worked t h e i r  way up  t h e  h i l l  t o w a r d  M t .  Davidson.  

E a r l y  i n  1 8 5 9 ,  l o d e  g o l d  and s i l v e r  was d i s c o v e r e d  
o u t c r o p p i n g  a t  b o t h  e n d s  o f  t h e  Comstock f a u l t  ( a b o u t  a  m i l e  
a p a r t ) ,  b y  two i n d e p e n d a n t  p a r t i e s .  P a t r i c k  McLaughl in  and 
P e t e r  0 '  R i l e y  d i s c o v e r e d  r i c h  b l a c k  s a n d s  on  t h e  n o r t h  end 
o f  t h e  f a u l t  n e a r  O p h i r  R a v i n e .  J a m e s  F i n n e y  ( o r  
F e n n i m o r e ) ,  f a m i l i a r l y  known a s  "Old  v i r g i n n y " ,  a l o n g  w i t h  
J a c k  Yount ,  Alec Henderson  and J o h n  B i s h o p  were t h e  f i r s t  t o  
s t a k e  c l a i m s  on t h e  s o u t h  end o f  t h e  f a u l t  a t  Gold H i l l .  
James  F i n n e y  h a d  a l s o  s t a k e d  c l a i m s  i n  O p h i r  R a v i n e  i n  1858 ,  
b u t  h a d n '  t d e v e l o p e d  them. Only  a f t e r  a  few y e a r s  o f  work 
was i t  a p p a r e n t  t h a t  t h e s e  two s t r i k e s  were l o c a t e d  on  t h e  
same v e i n  a l o n g  t h e  e a s t e r n  b a s e  o f  Mount Dav idson ,  b e c a u s e  
s u r f a c e  e x p o s u r e  o f  t h e  l o d e  was p o o r .  

Old V i r g i n n y  was known a s  t h e  b e s t  j u d g e  o f  p l a c e r  g round  i n  
Gold Canon.  Along w i t h  l o c a t i n g  t h e  f i r s t  q u a r t z  c l a i m  on 
t h e  Comstock ,  h e  was known f o r  h i s  g e n e r o s i t y ,  g o o d - w i l l ,  
and  i m b i b i n g ,  The e a r l y  m i n e r s  a t  V i r g i n i a  C i t y  
a c k n o w l e d g e d  t h e i r  d e b t  t o  him a n d  h i s  e f f o r t s  b y  naming t h e  
town a f t e r  him. 

The "Comstock" t i t l e  was l e ss  f o r m a l l y  e s t a b l i s h e d .  Henry 
T. P.  Comstock was t h e  l o c a l  l o u d m o u t h  who becane o n e  o f  t h e  
o r i g i n a l  l o c a t o r s  a t  Gold H i l l  b y  c u t t i n g  h i m s e l f  i n  on  
McLaugh l in  and O t R i l e y ' s  c l a i m  b y  i n s i s t i n g  t h e y  were 
d i g g i n g  o n  h i s  wood " r a n c h " .  H e  a l s o  c l a l m e d  t o  be o n e  o f  
t h e  o r i g i n a l  l o c a t o r s  a t  Gold H i l l .  

A s  t h e  1 8 5 9  m i n e r s  washed t h e  g r a v e l  f o r  g o l d ,  t h e y  were 
impeded b y  a b l u e  c l a y  t h a t  c l o g g e d  t h e  e q u i p m e n t .  They 
c o n t i n u e d  t o  d i s p o s e  o f  i t  u n t i l  some o f  t h e  r o c k  was 
s e c r e t l y  s e n t  t o  a n  a s s a y  o E f i c e  i n  G r a s s  V a l l e y ,  
C a l i f o r n i a .  The r e s u l t s  showed t h a t  t h e  m i n e r s  had b e e n  
t h r o w i n g  away r o c k  w o r t h  $ 4 , 0 0 0  p e r  t o n  i n  s i l v e r  and g o l d .  
T h i s  news l e a k e d - o u t  and  t h e  "Rush t o  Washoe" was on .  

The m i n i n g  boom c o n t i n u e d  t h r o u g h  1 8 7 8  a s  d i s c o v e r i e s  were 
made downward a l o n g  t h e  l o d e .  The Crown P o i n t  b o n a n z a ,  a  
c o n c e n t r a t i o n  o f  g o l d  and s i l v e r  o r e  on  t h e  1 , 0 0 0 - f o o t  l e v e l  
y i e l d e d  $35  m i l l i o n s ,  and t h e  Big  Bonanza  on  t h e  1 , 4 0 0 - f o o t  
l e v e l  o f  t h e  C o n s o l i d a t e d  V i r g i n i a  Mine p r o d u c e d  $105 
m i l l  i o n s .  

E x p l o r a t i o n  c o n t i n u e d  a s  d e e p  a s  3 , 2 0 0  f e e t  a l o n g  t h e  
Comstock f a u l t ,  b u t  b y  t h e  1 8 8 0 ' s  a l l  m i n i n g ,  e x c e p t  f o r  a  
few h i g h - g r a d e  p o c k e t s  on t h e  E a s t  V e i n  z o n e ,  was l a r g e l y  
c o n f i n e d  t o  o l d  s t o p e  f i l l  and  l o w  g r a d e  o r e  i n  t h e  u p p e r  
l e v e l s .  No b o n a n z a s  were found  i n  1 0  y e a r s  o f  d e e p  m i n i n g .  
The c o s t s  o f  pumping w a t e r  t o  t h e  s u r f a c e  and h a u l i n g  
l o w - g r a d e  o r e  s u c h  g r e a t  d i s t a n c e s  t o  t h e  s u r f a c e  
c o n t r i b u t e d  t o  t h e  d e c i s i o n  n o t  t o  d r i l l  d e e p e r .  By World 
War I 1  p r o d u c t i o n  had  a l l  b u t  c e a s e d .  

i n  t h e  l a t e  1 9 7 0 ' s  Hous ton  I n t e r n a t i o n a l  M i n e r a l s  Corp .  



renewed m i n i n g  i n  t h e  C o n s o l i d a t e d  I m p e r i a l  p i t .  For  t h e  
p a s t  few y e a r s  U n i t e d  Mining C o r p .  h a s  b e e n  min ing  
u n d e r g r o u n d  a n d  r e w o r k i n g  dumps a t  t h e  N e w  Savage Mine,  b u t  
l a t e  i n  1 9 8 5  p r o d u c t i o n  had s t o p p e d  and U n i t e d  was l o o k i n g  
f o r  a  b u y e r .  

The main  p e r i o d  o f  p r o d u c t i o n ,  f r o m  1 8 6 3  t o  1880 ,  a l o n g  w i t h  
a d d i t i o n a l  i n t e r m i t t a n t  p r o d u c t i o n  t o  t h e  p r e s e n t ,  h a s  
y i e l d e d  o v e r  1 9 0  m i l l i o n  o u n c e s  o f  s i l v e r  and 8  m i l l i o n  
o u n c e s  o f  g o l d .  

Some o f  t h e  Comstock m i n e s  a r e  t h e  d e e p e s t  i n  t h e  w o r l d .  
The l o d e  had b e e n  d e v e l o p e d  t o  n e a r l y  4 , 0 0 0  f e e t  by  i n c l i n e d  
and  v e r t i c a l  s h a f t s  from t h e  S i e r r a  Nevada t o  t h e  Overman 
Mines ,  a  d i s t a n c e  o f  3  miles .  T h e  m i n e s  were known f o r  
t h e i r  e x t r e m e l y  h o t  and humid w o r k i n g  c o n d i t i o n s ,  where  
m i n e r s  commonly worked i n  t e m p e r a t u r e s  o f  1 0 0 ~ - 1 2 5 ~ ~ .  Rock 
t e m p e r a t u r e s  a s  h i g h  a  1 6 7 ' ~  were r e c o r d e d  from d r i l l  h o l e s  
on  t h e  3 , 0 0 0 - f o o t  l e v e l  o f  t h e  Y e l l o w  J a c k e t  ~ i n e .  Hot 
w a t e r  a l s o  p l a g u e d  t h e  l o w e r  d e p t h s  o f  t h e  Comstock m i n e s .  
T h e s e  p r o b l e a s  t a x e d  t h e  m i n i n g  c o m p a n i e s  f i n a n c i a l l y  and 
t h e  m i n e r s  p h y s i c a l l y .  The m o i s t u r e  i n  t h e  mines  c a u s e d  t h e  
l a y e r e d  r o c k  t o  s w e l l  and c r u m b l e ,  and  r o t t e d  t h e  t i m b e r s .  
R o c k f a l l s  were a  c o n s t a n t  h a z a r d .  A i r  c i r c u l a t i o n  was v e r y  
p o o r .  The b u i l d - u p  o f  c a r b o n  d i o x i d e  f rom o r g a n i c  s o u r c e s ,  
and g a s e s  f rom t h e  i n c o m p l e t e  c o m b u s t i o n  o f  n i t r o g l y c e r i n e  
b r o u g h t  on symptoms i n  t h e  m i n e r s  t h a t  r a n g e d  from d i z z i n e s s  
and n a u s e a  t o  b l i n d n e s s  o r  i n s a n i t y . '  B r e a t h i n g  t h e  q u a r t z  
d u s t  b r o u g h t  on  s i l i c o s i s  t h a t  o f t e n  c o n t r i b u t e d  t o  f a t a l  
pneumonia  o r  t u b e r c u l o s i s .  More men d i e d  from poor  a i r  
c i r c u l a t i o n  t h a n  f rom a n y  o t h e r  c a u s e  i n  t h e  e a r l y  y e a r s  o f  
Comstock m i n i n g .  

The boom y e a r s  o f  1 8 6 3  t h r o u g h  1 8 8 0  b r o u g h t  a b o u t  m a j o r  
e n g i n e e r i n g  i n n o v a t i o n s  t o  h e l p  s o l v e  some o f  t h e  p r o b l e m s  
o f  d e e p  u n d e r g r o u n d  m i n i n g .  Some o f  t h e s e  a r e  s t i l l  i n  u s e  
t o d a y ,  s u c h  a s  d y n a m i t e  ( g i a n t  powder )  which  r e p l a c e d  b l a c k  
powder i n  1 8 6 8 ,  B u r l e i g h  m e c h a n i c a l  d r i l l s  which r a n  c n  
c o m p r e s s e d  a i r  w h i c h  a l s o  h e l p e d  t o  v e n t i l a t e  t h e  m i n e s ,  and 
t h e  s a f e t y  b r a k e .  The f l a t ,  woven wire r o p e  d e v e l o p e d  by 
A.S. H a l l i d i e  o f  San  F r a n c i s c o  i n  1 8 6 4  t o  h o i s t  o r e  b u c k e t s  
t o  t h e  s u r f a c e  is  now used  on t h e  c a b l e  c a r s  i n  San 
F r a n c i s c o .  R o o t  b l o w e r s  were i n t r o d u c e d  i n t o  t h e  m i n e s  i n  
1865  f o r  improved  v e n t i l a t i o n .  The s q u a r e - s e t  t i m b e r i n g  
method was d e v e l o p e d  i n  1860 b y  P h i l i p p  ~ e i d e s h e i m e r ,  a  
young German e n g i n e e r ,  e s p e c i a l l y  f o r  t h e  t y p e  o f  s o f t ,  w e t ,  
c r u m b l y  r o c k  e n c o u n t e r e d  i n  t h e  Comstock Lode f a u l t  zone .  
The c l a y  was s o  e x p a n s i v e  h e r e  t h a t  when t h e  a i r  would e n t e r  
a  newly  dug  h o l e  t h e  r o c k  mass  would  i m m e d i a t e l y  b e g i n  t o  
swell and move,  b r e a k i n g  t i m b e r s  and  f i l l i n g  t h e  mine  
o p e n i n g s  t h a t  w e r e n ' t  h e l d  b a c k  b y  s t o u t  t i m b e r i n g .  The o l d  
C o r n i s h  pumps were d e v e l o p e d  t o  t h e i r  maximum h e r e  on t h e  
Comstock ,  b u t  t h e y  s t i l l  c o u l d n ' t  k e e p  up w i t h  t h e  m a g n i t u d e  
o f  w a t e r  i s s u i n g  f rom t h e  d e p t h s  o f  t h e  m i n e s .  

Around 1 8 6 3 ,  Adolph  S u t r o ,  a n o t h e r  German e n g i n e e r ,  
c o n c e i v e d  t h e  i d e a  o f  a  t u n n e l  d u g  i n t o  t h e  Flowery Range t o  



d r a i n  t h e  Comstock m i n e s  a t  t h e  1 , 6 5 0 - f o o t  l e v e l .  The m i n e s  
would b e n e f i t  b y  b e i n g  v e n t i l a t e d  and d r a i n e d  o f  t h e  
c o n s t a n t  f l o w  o f  h o t  w a t e r ,  and  S u t r o  hoped t o  p r o f i t  b y  
c h a r g i n g  t h e  m i n e s  t o  t r u c k  o r e  o u t  o f  t h e i r  l o w e r  l e v e l s  
t h r o u g h  h i s  t u n n e l .  H e  a l s o  h o p e d  t o  s t r i k e  a  r i c h  v e i n  f o r  
h i m s e l f  i n  t h e  p r o c e s s  o f  d i g g i n g  t h e  t u n n e l .  I n i t i a l l y ,  
s u p p o r t  f rom t h e  m i n e  o w n e r s ,  t h e  b a n k s ,  t h e  Nevada 
L e g i s l a t u r e  ( w h i c h  i n  1865 g a v e  S u t r o  an  e x c l u s i v e  f r a n c h i s e  
t o  t h e  t u n n e l  f o r  50 y e a r s ) ,  a n d  C o n g r e s s  ( w h i c h  p a s s e d  t h e  
S u t r o  T u n n e l  A c t  i n  1866)  was s h o w e r e d  upon S u t r o ;  however ,  
i t  was w i t h d r a w n  j u s t  2 y e a r s  l a t e r  when t h e  b a n k e r s  ( l e d  b y  
W i l l i a m  S h a r o n )  a n d  m i n e  o w n e r s  d e c i d e d  V i r g i n i a  C i t y  would 
l o s e  i t s  i n f l o w  o f  c a s h  t o  t h e  m i l l s  and r e l a t e d  b u s i n e s s e s  
a t  t h e  o t h e r  end o f  S u t r o l s  T u n n e l  on  t h e  C a r s o n  R i v e r  and 
i n ' c a r s o n  C i t y .  

I n  1 8 6 9 ,  t h e  m i n e r ' s  r a l l i e d  b e h i n d  S u t r o  a f t e r  a  bad 
u n d e r g r o u n d  f i r e  i n  t h e  Yel low J a c k e t  Mine k i l l e d  many men. 
Money t o  b u i l d  t h e  t u n n e l  was s e c u r e d  from a  London b a n k  and 
o t h e r  E u r o p e a n  s o u r c e s  and t h e  m i n e r s 1  u n i o n .  Work f i n a l l y  
began  o n  t h e  t u n n e l  i n  O c t o b e r  1 8 6 9 .  

The t u n n e l  r e a c h e d  t h e  Savage  s h a f t  i n  J u l y  1 8 7 8 ,  a l m o s t  9 
y e a r s  a f t e r  g r o u n d - b r e a k i n g ,  b u t  t h e  Comstock m i n e s  h a d  
a l r e a d y  p r o g r e s s e d  a s  much a s  1 , 5 0 0  f e e t  be low t h e  l e v e l  
which t h e  t u n n e l  was t o  d r a i n ,  a n d  t h e  b o n a n z a c c f a y s  were 
o v e r .  Had t h e  t u n n e l  b e e n  c o m p l e t e d  i n  t h e  1 8 7 0 ' ~ ~  i t  would 
h a v e  s a v e d  t h e  m i n i n g  c o m p a n i e s  m i l l i o n s  o f . d o l l a r s  i n  
pumplng c o s t s  a l o n e .  

The S u t r o  T u n n e l  s t r e t c h e s  i n  a  s t r a i g h t  . l i n e  from t h e  
e a s t e r n  f r o n t  o f  t h e  F lowery  Range  (1 m i l e  n o r t h  o f  U.S. 50 
and 2 . 2 5  m i l e s  n o r t h e a s t  o f  D a y t o n )  t o  a  d r i f t  on  t h e  S a v a g e  
s h a f t ,  a  d i s t a n c e  o f  20 ,498 f e e t  ( a l m o s t  4 m i l e s ) .  I t  was 8  
t o  9 f e e t  w i d e ,  and  7  f e e t  h i g h .  I n  a l l ,  t h e  t u n n e l  c o s t  
$6 .5  m i l l i o n s ,  i n c l u d i n g  i n t e r e s t ,  t o  c o m p l e t e .  I t  was 
n e v e r  p a i d  b a c k  i n  r o y a l t i e s  a f t e r  c o m p l e t i o n  o f  t h e  t u n n e l .  
S u t r o  q u i e t l y  s o l d  h i s  s t o c k  i n  t h e  t u n n e l  s h o r t l y  a f t e r  i t  
was f i n i s h e d ,  n e t t i n g  less  t h a n  $1 m i l l i o n .  He i n v e s t e d  i t  
i n  San F r a n c i s c o  r e a l  e s t a t e  and  became  a  m u l t i - m i l l i o n a i r e .  

The Comstock Lode a p p e a r s  t o  b e  a  s t o c k w o r k  z o n e ,  65 t o  1 3 0  
f e e t  w i d e  a t  d e p t h  w i d e n i n g  t o  o v e r  600 f e e t  n e a r  t h e  
s u r f a c e .  The o r e - b e a r i n g  z o n e s  a r e  commonly 6  t o  1 7  f e e t  
wide  and  a r e  s a n d w i c h e d  b e t w e e n  t h e  E a s t  C l a y  and t h e  West 
C l a y ,  w h i c h  a r e  g o u g e  z o n e s  f rom 1 0  t o  40 f e e t  wide  c r e a t e d  
b y  p o s t - m i n e r a l  movement on t h e  Comstock f a u l t .  

Most o f  t h e  p r e c i o u s  m e t a l s  p r o d u c e d  from t h e  Comstock Lode 
came f rom t h e  v e i n  d e p o s i t s  a s s o c i a t e d  w i t h  t h e  Comstock 
f a u l t  s y s t e m ,  which  c o n s i s t s  o f  t h e  Comstock,  S i l v e r  C i t y ,  
and O c c i d e n t a l  f a u l t s ,  These  f a u l t s  d i p  a b o u t  45' e a s t ,  
h a v e  a  d i p - s l i p  o f  a t  l e a s t  2 , 5 0 0  f e e t  ( thompson ,  1 9 5 6 ) ,  a n d  
form a  m a j o r  p h y s i o g r a p h i c  b r e a k  i n  t h e  V i r g i n i a  Range.  
Movement o n  t h e  f a u l t s  i s  d i p - s l i p  w i t h  pos t -Miocene  w e s t e r n  
r o t a t i o n  o f  t h e  f a u l t  b l o c k s ,  w h i c h  h a s  lowered  t h e  o r i g n a l  
d i p s .  The Comstock and  O c c i d e n t a l  f a u l t s  t r e n d  g e n e r a l l y  



n o r t h - n o r t h e a s t .  The Comstock f a u l t  c a n  b e  t r a c e d  
n o r t h e a s t w a r d  f rom ~ m e r i c a n  F l a t  t h r o u g h  ~ i r g i n i a  C i t y  f o r  4 
miles,  and  f rom t h e r e  n o r t h w a r d  f o r  a n o t h e r  4  m i l e s .  
G e o p h y s i c a l  s t u d i e s  i n d i c a t e  t h a t  i t  may c o n t i n u e  
n o r t h e a s t w a r d  f o r  a n o t h e r  3  m i l e s .  

Two d i s t i n c t  p e r i o d s  o f  f a u l t i n g  o c c u r r e d  i n  t h i s  d i s t r i c t .  
Movement on  t h e s e  m a j o r  f a u l t s  f i r s t  o c c u r r e d  d u r i n g  t h e  
e a r l y  m i d d l e  Miocene ( 1 2  t o  1 4  m.y . )  a l o n g  w i t h  a l t e r a t i o n  
and m i n e r a l i z a t i o n  a s s o c i a t e d  w i t h  t h e  i n t r u s i v e  and 
e x t r u s i v e  d e p o s i t i o n  o f  l o w e r  K a t e  peak r o c k s .  D i p - s l i p  
d i s p l a c e m e n t  on  t h e  Comstock a n d  S i l v e r  C i t y  f a u l t s  was 
a b o u t  1 , 3 0 0  f e e t ,  and movement o n  t h e  o c c i d e n t a l  f a u l t  was 
a b o u t  300 t o  400 f e e t  ( a f t e r  H u d s o n ,  1 9 8 6 ) .  The p r e c i o u s  
m e t a l s  were d e p o s i t e d  m a i n l y  i n  f a u l t s  i n  t h e  A l t a  
F o r m a t i o n .  

The s e c o n d  p e r i o d  o f  f a u l t i n g  commenced a b o u t  2 . 5  t o  3  
m i l l i o n  y e a r s  a g o  f o l l o w i n g  t h e  d e p o s i t i o n  o f  t h e  l a t e  
M i o c e n e ( ? )  K n i c k e r b o c k e r  a n d e s i t e  and t h e  u p p e r  member o f  
t h e  K a t e  Peak Format  i o n .  T h i s  p o s  t -Miocene d i p - s l i p  
d i s p l a c e m e n t  i s  e s t i m a t e d  t o  b e  a b o u t  2 ,000 t o  2 , 5 0 0  f e e t  o n  
t h e  Comstock f a u l t  z o n e ,  a b o u t  8 0 0  f e e t  on t h e  S i l v e r  C i t y  
f a u l t ,  and  n o n e  t o  200 f e e t  o n  t h e  O c c i d e n t a l  f a u l t .  
Numerous n o r t h e r l y - t r e n d i n g  h i g h e r  a n g l e  f a u l t s  were formed 
a t  t h i s  t i m e  i n  t h e  h a n g i n g  w a l l  o f  t h e  Comstock f a u l t  w i t h  
d i s p l a c e m e n t s  o f  30 t o  410 f e e t .  T h e s e  p o s t - m i n e r a l  f a u l t s ,  
a l o n g  w i t h  t h e  Comstock f a u l t  s y s t e m ,  commonly d i s p l a y  a  
r i g h t - l a t e r a l  component  o f  d i p - s l i p  m o t i o n ,  e x c e p t  on t h e  
O c c i d e n t a l  f a u l t  n e a r  t h e  O c c i d e n t a l  s h a f t  w h e r e  a  
l e f t - l a t e r a l  componen t  o c c u r s .  

Most o r e  b o d i e s  w i t h i n  t h e  Comstock  f a u l t  s y s t e m  o c c u r  n e a r  
t h e  s u r f a c e  w i t h  some c r o p p i n g  o u t .  R a r e l y  d o  t h e y  e x c e e d  
500 f e e t  i n  v e r t i c a l  e x t e n t .  Hang ing  w a l l  o r e  b o d i e s ,  a s  
well a s  o t h e r  s l i v e r s  o f  o r e  b o d i e s  formed on  t h e  f a u l t ,  
h a v e  b e e n  d i s p l a c e d  r e l a t i v e l y  downward b y  p o s t - m i n e r a l  
o f f s e t  on  t h e  f a u l t .  (The p r e c e d i n g  g e o l o g i c  i n f o r m a t i o n  i s  
l a r g e l y  a f t e r  A s h l e y ,  1980 ;  a n d  Hudson,  1984 and  1 9 8 6 ) .  

The r e l a t i v e  p o s i t i o n  o f  t h e  o r e  b o d i e s  i s  a l s o  c o n t r o l l e d  
t o  some e x t e n t  b  c r o s s  f a u l t s  c u t t i n g  t h e  Comstock s y s t e m  8 and t r e n d i n g  N70 W.  They a r e  p o s t - m i n e r a l  i n  a g e ,  b u t  some 
may h a v e  p r e - o r  s y n - m i n e r a l  movement which h e l p e d  t o  
l o c a l i z e  o r e  b o d i e s  ( R .  C a r r i n g t o n ,  p e r s o n a l  comm.) . 
Mines  i n  t h e  Comstock Lode d i s t r i c t  c a n  b e  p l a c e d  i n  t h r e e  
m a i n  g r o u p s :  The Bonanza g r o u p ,  C e n t r a l  g r o u p ,  and  Gold 
H i l l  g r o u p  ( B e c k e r ,  1 8 8 2 ) .  The Bonanza  g r o u p  i n c l u d e s  t h e  
C o n s o l i d a t e d  v i r g i n i a ,  C a l i f o r n i a  ( C & C ) ,  and O p h i r  Mines 
which  a r e  l o c a t e d  n e a r  t h e  n o r t h  end  o f  V i r g i n i a  C i t y .  They 
e x p l o i t e d  t h e  Big  Bonanza ,  t h e  m o s t  p r o d u c t i v e  s i n g l e  o r e  
body i n  t h e  d i s t r i c t ,  and s e v e r a l  s m a l l e r  o r e  b o d i e s  a t  
d e p t h s  a s  g r e a t  a s  a b o u t  2 , 9 7 0  f e e t .  The C e n t r a l  g r o u p ,  
i n c l u d i n g  t h e  S a v a g e ,  Gould and C u r r y ,  H a l e  and N o r c r o s s ,  
and C h o l l a r - P o t o s i  Mines ,  i s  l o c a t e d  i n  t h e  s o u t h e r n  p a r t  o f  
V i r g i n i a  C i t y .  T h e s e  m i n e s  e x p l o i t e d  a  nuiiber  o f  o r e  b o d i e s  



f rom t h e  s u r f a c e  t o  d e p t h s  o f  1 , 6 8 3  f e e t .  The Gold  H i l l  
g r o u p ,  i n c l u d i n g  t h e  Brown P o i n t ,  B e l c h e r  , Yel low J a c k e t ,  
and I m p e r i a l  M i n e s ,  i s  l o c a t e d  i m m e d i a t e l y  west o f  Gold 
H i l l .  T h i s  s e r i e s  o f  s h a f t s  e x t e n d s  f rom G r e i n e r ' s  Bend on 
S t a t e  R o u t e  342 j u s t  n o r t h  o f  G o l d  H i l l  a  d i s t a n c e  o f  2,970 
f e e t  t o  t h e  s o u t h - s o u t h w e s t .  Many o r e  b o d i e s  o f  v a r i o u s  
s i z e s  were mined  h e r e  t o  d e p t h s  o f  a b o u t  1 , 9 8 0  f e e t .  

The o r e  b o d i e s  a s s o c i a t e d  w i t h  t h e  Comstock f a u l t  were 
g e n e r a l l y  t u b u l a r ,  b u t  v e r y  i r r e g u l a r  i n  l o n g i t u d i n a l  
s e c t i o n .  The b e s t  o r e  b o d i e s  o c c u p i e d  h a n g i n g  w a l l  
f r a c t u r e s  t h a t  d i v e r g e d  upward f r o m  t h e  main  f a u l t  ( a f t e r  
A s h l e y ,  1 9 8 0 ) .  

Most o f  t h e  m i n e s  o f  t h e  S i l v e r  C i t y  d i s t r i c t  a r e  l o c a t e d  
a l o n g  t h e  S i l v e r  C i t y  f a u l t ,  b e g i n n i n g  a t  a  p o i n t  a b o u t  0.7 
m i l e  d u e  s o u t h  o f  t h e  t o w n s i t e  o f  Gold H i l l  and e x t e n d i n g  
2.4 m i l e s  down Gold Canyon t o  t h e  mouth  o f  t h e  c a n y o n  j u s t  
b e l o w  S i l v e r  C i t y .  Ore b o d i e s  were found  b o t h  i n  t h e  S i l v e r  
C i t y  f a u l t  zone  and i n  n o r t h e a s t - t r e n d i n g  c r o s s  f a u l t s .  Ore 
b o d i e s  were l e n s e s  o r  s h o o t s  l o c a l i z e d  a t  p o i n t s  where  v e i n s  
b r a n c h e d  o r  i n t e r s e c t e d ;  a l m o s t  a l l  o f  t h e  o r e  was r e c o v e r e d  
from d e p t h s  o f  330 f e e t  o r  less  ( G i a n e l l a ,  1 9 3 6 )  . 
T h r o u g h o u t  t h e  Comstock and s i l v e r  c i t y  d i s t r i c t s  t h e  most  
a b u n d a n t  g a n g u e  m a t e r i a l  c o m p o s i n g  t h e  v e i n s  is  q u a r t z .  
P a r t s  o f  some v e i n s  i n  t h e  s i l v e r  C i t y  d i s t r i c t ,  however ,  
a r e  d o m i n a n t l y  c a l c i t e .  The m a i n  p r e c i o u s  m e t a l - b e a r i n g  o r e  
m i n e r a l s  o f  t h e  Comstock Lode were a r g e n t i t e  and e i e c t r u m  
w i t h  lesser  a m o u n t s  o f  p o l y b a s i t e ;  t h e  o r e  a l s o  i n c l u d e d  

u n d a n t  s p h a l e r i t e ,  g a l e n a ,  c h a l c o p y r i t e ,  and p y r i t e .  
l v e r  C i t y  d i s t r i c t  o r e s  were r e l a t i v e l y  p o o r  i n  base-m 

s u l f i d e s ,  b e i n g  m a i n l y  p y r i  t e - g o l d  w i t h  some n a t i v e  s i l v e r  
and e l e c t r u m  and m i n o r  a r g e n t i t e  ( A s h l e y ,  1 9 8 0 )  . 

0 .2 /13 .3  A p p r o a c h i n g  t h e  C a r s o n  S t r e e t  i n t e r s e c t i o n  ( n o  s t r e e t  s i g n ) .  

OPTIONAL TRIP TO OPHIR DISCOVERY SITE.  T u r n  r i g h t  on C a r s o n  
S t r e e t  and p r o c e e d  u p h i l l  f o r  a b o u t  3  b l o c k s  t o  where  t h e  
s t r ee t  makes  a n  a b r u p t  t u r n  t o  t h e  r i g h t .  S t o p .  J u s t  s o u t h  
o f  C a r s o n  S t r e e t  b e g i n s  t h e  v i r g i n i a  C i t y  p i t  w h e r e  s u r f a c e  
o u t c r o p s  o f  t h e  Comstock Lode were mined s e v e r a l  h u n d r e d  
f e e t  downward i n  1859-1860 ,  and a g a i n  i n  t h e  1 9 2 0 ' s .  RETURN 
TO THE CARSON STREET INTERSECTION and  r e s u m e  m i l e a g e  a t  
1 3 . 3 .  

0 .3 /13.6  ~ i r g i n i a  C i t y  V i s i t o r ' s  Bureau  o n  t h e  r i g h t .  Here you may 
o b t a i n  maps ,  w a l k i n g  t o u r s ,  p h o t o s  and o t h e r  i n f o r m a t i o n  t o  
h e l p  f i n d  y o u r  way t o  v a r i o u s  p o i n t s  o f  i n t e r e s t  i n  t h i s  
h i s t o r i c  town. Most o f  t h e  b u i l d i n g s  d a t e  f rom 1 8 7 6 .  They 
were c o n s t r u c t e d  a f t e r  t h e  g r e a t  f i r e  o f  1 8 7 5 ,  which  
d e s t r o y e d  m o s t  o f  t h e  c i t y .  R e c o n s t r u c t i o n  was o n l y  p a r t i a l  
b e c a u s e  o f  t h e  f a i l i n g  m i n e s .  

0 . 5 / 1 4 . 1  J u n c t i o n  w i t h  S t a t e  R o u t e  3 4 1  t o  t h e  l e f t .  P r o c e e d  s t r a i g h t  
a h e a d  on S t a t e  R o u t e  342 .  - 



On t h e  r i g h t ,  t h e  L o r i n g  P i t  was mined  b y  t h e  A r i z o n a  
Comstock Company d u r i n g  t h e  D e p r e s s i o n  y e a r s  ( 1 9 3 0 ' s )  f o r  
l o w - g r a d e  s i l v e r  o r e  v a l u e d  a t  $ 2 . 0 0  t o  $ 3 . 0 0  p e r  t o n .  
4 6 0 , 0 0 0  t o n s  o f  o r e  were  e x t r a c t e d  y i e l d i n g  $1 ,437 ,000 .  I n  
1 9 8 1 ,  t h e  C h o l l a r  r a i s e  was o p e n e d  i n  t h e  b o t t o m  o f  t h e  p i t  
b y  U n i t e d  Mining a s  a  v e n t i l a t i o n  and  e s c a p e  s h a f t  f o r  i t s  
N e w  S a v a g e  Mine ( t h e  p o r t a l  f o r  t h e  m i n e  is  l o c a t e d  t o  t h e  
e a s t  b e l o w  F S t r e e t )  . Underground  m i n i n g  a t  t h e  N e w  Savage 
b e g a n  i n  1979.  P r o d u c t i o n  b e g a n  i n  A p r i l  1 9 8 3 ,  and ended i n  
A p r i l  1985  d u e  t o  d e c l i n i n g  g o l d  p r i c e s .  

0 . 4 / 1 4 . 5  D e s c e n d i n g  G r e i n e r ' s  Bend. A l t a  a n d e s i t e  is e x p o s e d  on b o t h  
s i d e s  o f  t h e  r o a d .  The h e a d w a t e r s  o f  Gold Canyon o r i g i n a t e  
i n  t h e  c a n y o n  t o  t h e  l e f t .  About 6  miles  downs t ream is  t h e  
town o f  Dayton w h e r e  t h e  f i r s t  g o l d  n u g g e t s  were  d i s c o v e r e d  
b y  p a s s i n g  e m i g r a n t s .  The l o w e r  4  m i l e s  o f  Gold Canyon was 
t h e  s c e n e  o f  p l a c e r  m i n i n g  f o r  1 0  y e a r s  p r i o r  t o  t h e  
Comstock Lode d i s c o v e r y  a t  Gold H i l l  i n  e a r l y  1859 .  

0 . 3 / 1 4 . 8  To t h e  r i g h t ,  i s  t h e  abandoned H o u s t o n  I n t e r n a t i o n a l  
M i n e r a l s  Corp.  p i t .  F o r m e r l y  t h e  s i t e  o f  t h e  C o n s o l i d a t e d  
I m p e r i a l  p i t ,  H o u s t o n  renewed m i n i n g  h e r e  i n  1 9 7 9 ,  b u t  
c l o s e d  t h e  m i n e  i n  1 9 8 1  when t h e y  l o s t  t h e i r  b a t t l e  w i t h  
l o c a l  t o w n s p e o p l e  t o  e n l a r g e  t h e  p i t  a n d  r e l o c a t e  G r e i n e r ' s  
Bend.  T h i s  p i t  a l s o  m a r k s  t h e  o r i g i n a l  d i s c o v e r y  o f  t h e  
s o u t h  end  o f  t h e  Comstock Lode a t  Gold H i l l  by James f i n n e y  
and  h i s  a s s o c i a t e s  i n  1859.  

T h e  r e d  b u i l d i n g  o f f  the r o a d  t o  t h e  r i g h t  i s  t h c  Goid B i i l  
d e p o t  f o r  t h e  famous V i r g i n i a  & T r u c k e e  R a i l r o a d .  J u s t  
beyond  i t  i s  t h e  Ye l low J a c k e t  s h a f t  and  t h e  Crown P o i n t  
R a v i n e .  

0 .1 /15 .0  E n t e r i n g  t h e  town o f  Gold H i l l .  

0 . 2 / 1 5 . 2  G r a y  b u i l d i n g s  o f  t h e  Crown P o i n t  m i l l  on  t h e  r i g h t .  

0 .4 /15.6  Former  U n i t e d  Min ing  Corp.  o f f i c e s  o n  t h e  r i g h t ,  

A t  9 : 0 0 ,  a p p r o x i m a t e l y  0 , 2 5  m i l e  f r o m  t h e  r o a d ,  t h e  
n o r t h - n o r t h w e s t - t r e n d i n g  S i l v e r  C i t y  f a u l t  i n t e r s e c t s  t h e  
n o r t h - n o r t h e a s t - t r e n d i n g  Comstock f a u l t  i n  t h e  v i c i n i t y  o f  
t h e  Overman p i t .  

0 .1 /15.7  OPTIONAL SIDE TRIP TO AMERICAN FLAT. Take  d i r t  r o a d  t o  t h e  
r i g h t ,  c o n t i n u e  f o r  a b o u t  a m i l e  a v o i d i n g  s i d e  r o a d s .  P a s s  
t h e  Mason ic  c e m e t a r y ,  and t h e  C a l e d o n i a  Mine s h a f t  above  on 
t h e  h i l l  t o  t h e  r i g h t .  Some o f  t h e  o t h e r  g r e a t  m i n e s  o f  t h e  
Comstock i n  t h i s  a r e a  a r e  t h e  K n i c k e r b o c k e r ,  Overman, 
B a l t i m o r e  and K e y s t o n e .  Most o f  t h e s e  were i n  p r o d u c t i o n  a s  
r e c e n t l y  a s  1 9 4 2 .  A r r i v e  a t  t h e  r u i n s  o f  t h e  U n i t e d  
Comstock Merger c y a n i d e  m i l l  b u i l t  a r o u n d  1 9 2 1 ,  and t h e  s i t e  
o f  American C i t y  e s t a b l i s h e d  i n  1 8 6 4 .  Around 1 9 2 0 ,  two 
Nevada e n g i n e e r s  opened  s e v e r a l  m i n e s  i n  Gold H i l l  ( U n i t e d  
Comstock Mines Co .) and i n  V i r g i n i a  C i t y  (Comstock Merger 
Mines  Co.)  a s  o n e  o f  t h e  f i n a l  c o m m e r c i a l  v e n t u r e s  o f  t h e  
~ o m s t o c k  e r a .  S e v e r a l  m i l l i o n  t o n s  o f  l o w - g r a d e  o r e  were 



f o u n d  and  t h e  m i l l  was b u i l t .  T h e  m i n e s  and  m i l l  o p e r a t e d  
f o r  a  few y e a r s  u n t i l  t h e  p r i c e  o f  s i l v e r  d ropped  from o v e r  
a  d o l l a r  t o  $0 .28  p e r  o u n c e .  The f i r s t  power l i n e s  o v e r  t h e  
S i e r r a  from C a l i f o r n i a  p r o v i d e d  e l e c t r i c i t y  f o r  t h i s  m i l l .  
RETRACE ROUTE BACK TO JUNCTION WITH STATE R O U T E  342. T U R N  
RIGHT. RESUME MILEAGE AT 15 .7  

0 .1 /15 .8  N e w  York Mine o n  t h e  l e f t .  The n o r t h  end  o f  t h e  S i l v e r  C i t y  
f a u l t  i s  on t h e  r i g h t  s i d e  o f  t h e  r o a d  a t  t h i s  p o i n t ,  

Headf rame  o f  t h e  K e y s t o n e  Mine is o n  t h e  l e f t .  H a r t f o r d  
H i l l  i s  a t  2:OO. I t  is  composed o f  e a r l y  Miocene S a n t i a g o  
Canyon a s h - f l o w  t u f f  ( 2 1  m.y.) . A t  t h e  b a s e  o f  t h e  h i l l  a r e  
more  o p e n  p i t s  mined  d u r i n g  t h e  D e p r e s s i o n .  

On t h e  r i g h t ,  a t  t h e  b a s e  o f  H a r t f o r d  H i l l ,  i s  t h e  L u c e r n e  
c u t ,  a  m i n e r a l i z e d  zone  on t h e  S i l v e r  C i t y  f a u l t .  I t  was 
t h e  s i t e  o f  o p e n - p i t  g o l d  m i n i n g  o p e r a t i o n s  i n  t h e  1 8 6 0 1 s ,  
e a r l y  1 9 0 0 1 s ,  and  a g a i n  i n  t h e  1 9 4 0 ' s  and 1 9 5 0 ' s .  S i n c e  t h e  
e a r l y  1 9 2 0 1 s ,  200 ,000  t o n s  o f  o r e  h a v e  y i e l d e d  $1 ,200 ,000 .  

E n t e r i n g  Lyon C o u n t y ,  and p a s s i n g  t h r o u g h  D e v i l ' s  G a t e ,  
composed of  Miocene A l t a  a n d e s i t e .  Lower Mesozoic  
m e t a v o l c a n i c s  a r e  e x p o s e d  i n  t h e  l o w e r  p a r t  o f  t h e  r o a d c u t s  
on t h e  r i g h t .  

E n t e r i n g  S i l v e r  C i t y .  T h i s  i s  t h e  t h i r d  o f  t h e  l a r g e s t  
c o m m u n i t i e s  on t h e  Comstock Lode.  H o s t  o f  t h e  g o l d  and 
s i l v e r  p r o d u c e d  h e r e  came from w i t h i n  300 f e e t  o f  t h e  
s u r f a c e  on t h e  S i l v e r  C i t y  f a u l t ,  a l t h o u g h  some m i n e s  were 
e x p l o r e d  t o  d e p t h s  o f  o v e r  800 f e e t .  Most o f  t h e  
o r e - p r o d u c i n g  v e i n s  on t h e  f a u l t  v a r i e d  f rom less t h a n  a 
f o o t  t o  3  o r  4 f e e t .  I n  s e v e r a l  p l a c e s ,  t h e  o r e  was s t o p e d  
t o  40 f e e t  o r  more .  The v e i n s  were g e n e r a l l y  l e n t i c u l a r ,  
p i n c h i n g - o u t  l a t e r a l l y  and  a t  d e p t h .  

0 .2 /17 .3  Grosh  b r o t h e r s '  monument on t h e  r i g h t .  Hosea and h i s  
b r o t h e r  E t h a n  A l l e n  m i g h t  h a v e  b e e n  t h e  f i r s t  t o  d i s c o v e r  
t h e  Comstock,  b u t  t h e y  b o t h  d i e d  i n  1 8 5 7 .  They had good 
shows o f  s i l v e r  o n  t h e i r  " m o n s t e r  l e d g e "  which was t h e  
S i l v e r  C i t y  f a u l t ,  b u t  i t  would n e v e r  p r o d u c e  t h e  r i c h e s  
t h a t  t h e  Comstock f a u l t  d i d .  

0 , 2 / 1 7 . 5  American R a v i n e  on t h e  r i g h t .  The o u t c r o p s  a r e  Lower 
M e s o z o i c ( ? )  m e t a v o l c a n i c s ,  

0 .2 /17.7  On t h e  r i g h t ,  t h e  h i s t o r i c a l  m a r k e r  commemorates t h e  McCones 
F o u n d r i e s .  Ahead,  o n  t h e  h i l l s i d e  t o  t h e  r i g h t  i s  t h e  
Dayton Mine and  m i l l ,  e r e c t e d  i n  1 9 3 4 .  T h i s  m a r k s  t h e  s o u t h  
end o f  t h e  p r o d u c t i v e  zone  o f  t h e  S i l v e r  C i t y  f a u l t .  

0 .1 /17 .8  J u n c t i o n  w i t h  S t a t e  Route  341 on t h e  l e f t .  P roceed  s t r a i g h t  
a h e a d ,  Gold Canyon b e n d s  t o  t h e  s o u t h e a s t  h e r e .  About 1 . 5  
miles downs t ream a r e  t h e  Dayton p l a c e r  g o l d  w o r k i n g s .  

0 .4 /18.2  Many m i n e  s h a f t s  and  p r o s p e c t  h o l e s  d o t  t h e  l a n d s c a p e  f o r  
t h e  n e x t  few mi les .  The h i l l s  a r e  composed m a i n l y  o f  



e a r l y  Miocene S a n t i a g o  Canyon t u f f .  P r o s p e c t o r s  were t r y i n g  
t o  l o c a t e  a  s o u t h e r n  e x t e n s i o n  o f  t h e  Comstock Lode. 

Ahead and t o  t h e  l e f t  i s  t h e  P i n e  Nut Range. I n  t h e  
d i s t a n c e  a t  1 :00  i s  t h e  h i g h e r  C a r s o n  Range. 

1 . 6 / 1 9 . 8  J u n c t i o n  w i t h  U.S. 50 .  TURN RIGHT t o w a r d  C a r s o n  C i t y  t o  
c o n t i n u e  r o a d l o g ,  OR TURN LEFT f o r  a n  OPTIONAL TRIP TO- - 
DAYTON A N D  SUTRO. 

OPTIONAL TRIP TO DAYTON A N D  SUTRO. T r a v e l  e a s t  o n  U.S. 50 .  
I n  a b o u t  1 m i l e ,  mounds o f  d r e d g e  t a i l i n g s  from p l a c e r  
o p e r a t i o n s  n e a r  t h e  mouth o f  Gold  Canyon w i l l  b e  v i s i b l e  on  
t h e  l e f t .   his i s  t h e  g e n e r a l  l o c a t i o n  o f  t h e  f i r s t  g o l d  
f l a k e s  d i s c o v e r e d  i n  1849 .  1 0  m o r e  y e a r s  o f  p a n n i n g  up Gold 
Canyon l e d  t o  t h e  d i s c o v e r y  o f  t h e  Comstock Lode. C o n t i n u e  
on t o  Day ton ,  o r i g i n a l l y  c a l l e d  S p a f f o r d  H a l l ' s  s t a t i o n  on  
t h e  C a l i f o r n i a  e m i g r a n t  t r a i l  i n  t h e  l a t e  1 8 4 0 ' s .  Note t h e  
h i s t o r i c a l  m a r k e r  ( i n  f r o n t  o f  t h e  f l e a  m a r k e t )  j u s t  b e f o r e  
t h e  j u n c t i o n  o f  U.S. 50 and D a y t o n  V a l l e y  Road. Turn  r i g h t  
on Day ton  V a l l e y  Road and t r a v e l  o n e  b l o c k  t o  t h e  C a r s o n  
R i v e r  b r i d g e .  Wagons camped u n d e r  t h e  c o t t o n w o o d s  f o r  miles 
a l o n g  t h e  r i v e r  i n  t h e  m i d - 1 8 0 0 ' s .  R e t u r n  t o  downtown 
Day ton .  P o i n t s  o f  i n t e r e s t  i n c l u d e  t h e  Dayton H i s t o r i c a l  
S o c i e t y  Museum, t h e  Dayton Museum, t h e  Dayton C i t y  P a r k  
(west s i d e  o f  town) , and t h e  c e r n e t a r y .  

The s i t e  o f  S u t r o  is  3 . 5  miles e a s t  o f  Day ton  on U.S. 50 ( o n  
t h e  r i g h t  s i d e  o f  t h e  r o a d )  . The  e n t r a n c e  t o  t h e  S u t r o  
T u n n e l  c a n  b e  r e a c h e d  by t a k i n g  t h e  g r a v e l  r o a d  l e a d i n g  
n o r t h  ( l e f t )  f r o m  U.S. 50 a t  S u t r o .  I t  i s  a t  t h e  b a s e  o f  
t h e  F l o w e r y  Range a  m i l e  t o  t h e  n o r t h w e s t .  END OF OPTIONAL 
TRIP TO DAYTON AND SUTRO. RETRACE ROUTE WEST ON U.S. 50 TO 
THE JUflCTION WITH STATE ROUTE 3 4 1  ( t o  V i r g i n i a  C i t y )  . 
RESUME MILEAGE AT 1 9 . 8  

You a r e  p r e s e n t l y  t r a v e r s i n g  a n  o l d  v a l l e y  t h a t  was t h e  ma in  
d r a i n a g e  way f o r  t h i s  a r e a  b e f o r e  t h e  C a r s o n  R i v e r  c u t  i t s  
p r e s e n t  c a n y o n  t h r o u g h t  t h e  n o r t h  end  o f  t h e  P i n e  Nut Range 
( o n  t h e  l e f t ) .  

0 . 5 / 2 0 . 3  Rocks e x p o s e d  i n  t h e  r o a d  c u t  a r e  T e r t i a r y  mudflow b r e c c i a s  
o f  t h e  K a t e  Peak  orm mat ion. 

I n  t h e  h i l l s  a t  2:00 is  P o r t l a n d  C e m e n t ' s  now i n a c t i v e  
qypsum m i n e  and dumps l o c a t e d  n o r t h  o f  Mound House,  I n  t h e  
f o r e g r o u n d  a r e  l i g h t - c o l o r e d  g y p s i t e  d e p o s i t s  i n  J u r a s s i c  
m e t a s e d i m e n t s .  The gypsum was m i l l e d  f o r  p l a s t e r  f rom 1 9 1 3  
t o  1 9 2 0 ,  w i t h  a  t o t a l  p r o d u c t i o n  o f  a b o u t  $ 4 5 2 , 0 0 0 .  L o c a l  
w e l l  w a t e r  c a n n o t  b e  used  f o r  d r i n k i n g  b e c a u s e  o f  t h e  h i g h  
c o n c e n t r a t i o n s  o f  c a l c i u m ,  m a g n e s i u m ,  and s u l f a t e  r e l a t e d  t o  
t h e  gypsum d e p o s i t s .  

0 . 7 / 2 1 . 1  Mound House h i s t o r i c a l  m a r k e r .  

0 .7 /21 .8  E n t e r i n g  C a r s o n  C i t y .  



The r o a d  c r o s s e s  a  b a s a l t  f l o w  ( P l e i s t o c e n e ?  M c C l e l l a n  Peak 
F o r m a t i o n )  t h a t  i s s u e d  from a  p a r t i a l l y  d i s s e c t e d  v e n t  a b o u t  
t h r e e  m i l e s  t o  t h e  n o r t h e a s t  i n  t h e  M c C l e l l a n  Peak a r e a .  
M c C l e l l a n  Peak i n  t h e  V i r g i n i a  Range i s  a  complex a s s e m b l a g e  
o f  T r i a s s i c  m e t a v o l c a n i c s ,  C r e t a c e o u s  g r a n o d i o r i t e ,  
O l i g o c e n e - M i o c e n e  t u f f s  , and T e r  t i a r y - Q u a t e r n a r y  a n d e s i  tes 
and b a s a l t s ,  some a s  young a s  1 . 7  m.y. ( G l a n c y  a n d  o t h e r s ,  
1 9 8 4 ) .  

1 . 1 / 2 3 . 9  E n t e r i n g  t h e  h i s t o r i c  town o f  E m p i r e .  N o t e  f a u l t  s c a r p s  i n  
t h e  b a s i n  f i l l  t o  t h e  r i g h t  ( n o r t h )  o f  t h e  h ighway  f o r  t h e  
n e x t  m i l e .  They bend s o u t h w a r d  and  c r o s s  t h e  h ighway  i n  t h e  
v i c i n i t y  o f  N e w  Empire .  

0 . 2 / 2 4 . 1  On t h e  l e f t ,  a t  t h e  Akron Way i n t e r s e c t i o n  is t h e  C a r s o n  
R i v e r  m i l l s  h i s t o r i c a l  m a r k e r .  CAREFULLY CROSS TRAFFIC TO 
GET TO THE M A R K E R  i f  you wan t  t o  t a k e  t h e  OPTIONAL SIDE TRIP 
TO THE CARSON RIVER MILLS. 

By t h e  end  o f  1 8 6 1 ,  more  t h a n  7 6  m i l l s  w i t h  a  t o t a l  o f  1 , 1 5 3  
s t a m p s  h a d  b e e n  b u i l t  f o r  t h e  c r u s h i n g  and s e p a r a t i n g  o f  
Comstock o r e  i n  V i r g i n i a  C i t y ,  S i x  Mile Canyon,  Gold Canyon, 
a l o n g  t h e  t h e  C a r s o n  R i v e r  f rom ~ m p i r e  t o  D a y t o n ,  and 7  more  
i n  Washoe V a l l e y .  They had a  combined  c a p a c i t y  f o r  c r u s h i n g  
1 , 2 0 0  t o n s  o f  o r e  d a i l y ,  b u t  t h e r e  was no o r e  f o r  h a l f  o f  
them. Many h a d  b e e n  b u i l t  o n  s p e c u l a t i o n .  A f t e r  1 8 7 8 ,  t h e  
m i l l s  c l o s e d  down a l o n g  w i t h  t h e  f a i l i n g  Comstock m i n e s .  

A f t e r  t h e  d i s c o v e r y  o f  t h e  Comstock o r e ,  e x p e r i m e n t i n g  
commenced t o  d e v i s e  a  p r o c e s s  t h a t  would e f f i c i e n t l y  r e l e a s e  
t h e  g o l d  and  s i l v e r  from t h e  a s s o c i a t e d  r o c k .  The answer  
was f o u n d  i n  t h e  Washoe P r o c e s s ,  d e v e l o p e d  c h i e f l y  b y  
m i l l m a n  A.  B. P a u l ,  and  i n  t h e  Washoe Pan M i l l ,  i n v e n t e d  b y  
a  f ew i n g e n i o u s  C a l i f o r n i a  m i l l  b u i l d e r s .  The Washoe 
P r o c e s s  was a  m e c h a n i c a l  c o m b i n a t i o n  o f  two o t h e r  p r o c e s s e s  
u s e d  b y  t h e  e a r l y  Comstock m i n e r s .  I t  a c c o m p l i s h e d  i n  6 
h o u r s  w h a t  had  f o r m e r l y  t a k e n  4 t o  6 weeks .  

O r i g i n a l l y ,  a r r a s t r a s  c r u s h e d  t h e  o r e .  T h i s  was f o l l o w e d  b y  
t h e  Mexican  p a t i o  p r o c e s s  w h e r e  t h e  f i n e l y  c r u s h e d  o r e ,  o r  
" p u l p " ,  was m i x e d  w i t h  w a t e r ,  q u i c k s i l v e r ,  s a l t ,  and c o p p e r  
s u l f a t e .  T h i s  m i x t u r e  was t h e n  s p r e a d  on  a n  o p e n  f l o o r ,  o r  
p a t i o ,  t h a t  was e x p o s e d  t o  t h e  s u n ' s  h e a t ,  and was t u r n e d  
w i t h  s h o v e l s  o r  t r a m p l e d  by s t o c k  a n i m a l s .  E v e n t u a l l y ,  t h e  
s u l f i d e s  were r e d u c e d  t o  c h l o r i d e s  and t h e n  t o  t h e  m e t a l l i c  
s t a t e .  The g o l d  i n  t h e  o r e  r e a d i l y  u n i t e d  w i t h  q u i c k s i l v e r  
t o  f o r m  amalgam. 

The C a r s o n  R i v e r  p r o v i d e d  a  s t e a d y  s o u r c e  o f  power f o r  t h e  
h u g e  water w h e e l s  needed  t o  d r i v e  t h e  p r o c e s s ,  and  w a s t e s  
were d i s c a r d e d  d o w n s t r e a m .  

I n  a  t y p i c a l  1 8 7 0 ' s  C a r s o n  R i v e r  m i l l  ( u s i n g  t h e  Washoe 
P r o c e s s )  , t h e  o r e  was d e l i v e r e d  b y  t h e  V i r g i n i a  & T r u c k e e  
R a i l r o a d  and  dumped i n t o  h u g e  h o p p e r s .  I t  was t h e n  c r u s h e d  
i n t o  s a n d - s i z e d  p a r t i c l e s  b y  s t a m p s .  T h i s  m a t e r i a l  was 
mixed w i t h  s a l t ,  m e r c u r y ,  and w a t e r  and h e a t e d  i n  l a r g e ,  



s t e a m - h e a t e d  p a n s .  L a r g e  i n t e r n a l  b l a d e s  s t i r r e d  t h e  
m i x t u r e  f o r  6  t o  1 2  h o u r s  u n t i l  t h e  p r e c i o u s  m e t a l s  became 
t r a p p e d  i n  t h e  m e r c u r y .  T h i s  d o u g h - l i k e  m a s s ,  c a l l e d  
" c h a r g e " ,  was t h e n  p l a c e d  i n  " s e t t l e r s "  where  t h e  
g o l d - s i l v e r  amalgam s e t t l e d  t o  t h e  b o t t o m  and was r e l e a s e d  
and  c o l l e c t e d .  F i n a l l y ,  t h e  m e r c u r y  was b o i l e d  o f f  i n  
r e t o r t s ,  and t h e  b u l l i o n  was c o l l e c t e d .  

D u r i n g  t h e  s t a m p i n g  s t a g e ,  much o f  t h e  o r e  rock  e s c a p e d  
b e i n g  c r u s h e d  i n t o  t h e  optimum s a n d - s i z e  p a r t i c l e s .  ~ h e s e  
l a r g e r  and  s m a l l e r  g r a i n s  p a s s e d  t h r o u g h  t h e  m i l l  and  were 
d i s c h a r g e d  i n t o  t h e  r i v e r .  I n d e e d ,  95% o f  t h e  r o c k  p r o d u c e d  
wen t  i n t o  t h e  r i v e r  a s  w a s t e .  T h e  r i v e r  was l a t e r  d r e d g e d  
f o r  i t s  h i g h  g o l d  and s i l v e r  c o n t e n t .  

The e n v i r o n m e n t a l  i m p a c t  o f  t h e  m i l l i n g  o p e r a t i o n s  on t h e  
C a r s o n  R i v e r  was g h a s t l y .  The p o i s o n o u s  c h e m i c a l s  and r o c k  
w a s t e  were f l u s h e d  down t h e  r i v e r .  unknown amounts  o f  
m e r c u r y  s t i l l  l a y  t r a p p e d  i n  t h e  r i v e r  b o t t o m  s e d i m e n t s  and 
p r o v i d e  a  c o n t i n u i n g  s o u r c e  o f  m e r c u r y  p o l l u t i o n  downst ream.  
E e g i n n i n g  i n  1 9 8 0 ,  4  c o m p a n i e s  h a v e  s o u g h t  p e r m i t s  t o  d r e d g e  
t h e  r i v e r b e d  f o r  i t s  p r e c i o u s  m e t a l s ;  however ,  i n  F e b r u a r y  
1986  t h e y  were f i n a l l y  t u r n e d - d o w n  by t h e  Nevada Dep t .  o f  
C o n s e r v a t i o n  a n d  N a t u r a l  R e s o u r c e s  a f t e r  a  2 - y e a r  s t u d y  by 
t h e  S t a t e  E n v i r o n m e n t a l  p r o t e c t i o n  ~ i v i s i o n  r e v e a l e d  h i g h  
m e r c u r y  l e v e l s  i n  t h e  r i v e r ,  e x p e c i a l l y  downs t ream and i n  
L a h o n t a n  R e s e r v o i r .  The l e v e l s  e x c e e d  f e d e r a l  s t a n d a r d s ,  
and  d i s r u p t i o n  o f  t h e  s e d i m e n t s  c o u l d  c a u s e  p r o b l e m s .  
C e r t a i n  p e r s o n s  a r e  a d v i s e d  n o t  t o  e a t  f i s h  from t h i s  a r e a .  

OPTIONAL SIDE TRIP THE THE CARSON RIVER MILLS.  h he r o a d  i s  
r o u g h .  H i g h - a x l e  v e h i c l e s  a r e  recommended .) 
T U R N  RIGHT ( s o u t h )  on D E E R  R U N  ROAD ( 0 . 2  m i l e  e a s t  o f  t h e  
h i s t o r i c a l  m a r k e r ) .  The ~ m p i r e  g r a v e y a r d  i s  on t h e  r i g h t .  
T r a v e l  0 .5  m i l e  t o  t h e  r u i n s  o f  t h e  Morgan M i l l  ( o n  t h e  
r i g h t  i n  a  g r o v e  o f  t r e e s ) .  AT THE B R I D G E ,  T U R N  LEFT. DO 
NOT CROSS THE B R I D G E .  0.7 m i l e  f a r t h e r  a r e  t h e  Brunswick 
M i l l  r u i n s .  The dam a c r o s s  t h e  r i v e r  d i v e r t e d  w a t e r  t o  t h e  
m i l l .  DO NOT CROSS THE NEXT BRIDGE, K E E P  LEFT a l o n g  t h e  
e d g e  o f  t h e  r i v e r .  0 . 2  m i l e  f a r t h e r  a r e  t h e  Mer r imac  M i l l  
r u i n s  ( o p p o s i t e  s i d e  o f  t h e  r i v e r ) .  Note t h e  m i l l  e x t e n s i o n  
a c r o s s  t h e  r i v e r .  T h i s  r o a d  i s  b u i l t  on t h e  r i g h t - o f - w a y  o f  
t h e  o l d  v i r g i n i a  & T r u c k e e  R a i l r o a d .  0.6 m i l e  f a r t h e r  is a  
h a n d - e x c a v a t e d  r a i l r o a d  c u t  d u g  b y  C h i n e s e  l a b o r  g a n g s  
employed  b y  t h e  r a i l r o a d .  K E E P  LEFT THROUGH THE CUT. I n  
a n o t h e r  1 . 4  miles t h e  S a n t i a g o  M i l l  r u i n s  l i e  a l o n g  t h e  
r i v e r  b e l o w  i n  t h e  t rees.  The r o a d  b e n d s  t o  t h e  n o r t h  
( l e f t )  a n d  c o n n e c t s  w i t h  U.S. 50 i n  2 miles. E N D  OF 
OPTIONAL TRIP TO THE CARSON R I V E R  MILLS. TURN LEFT (WEST) 
ON U.S. 50 and r e t r a c e  r o u t e  b a c k  t o  t h e  h i s t o r i c a l  marker  
a t  Akron Way. RESUME ROADLOG AT M I L E A G E  24 .1  

The C a r s o n  R i v e r  f l o w s  n o r t h  b e t w e e n  t h e  p i n e  Nut Range on 
t h e  e a s t  and  P r i s o n  H i l l  on t h e  west b e f o r e  i t  makes  a n  
e a s t w a r d  bend and  e n t e r s  B r u n s w i c k  Canyon. 

1 . 0 / 2 5 . 1  E n t e r i n g  N e w  Empi re .  The Nevada S t a t e  Maximum S e c u r i t y  



P r i s o n  is l o c a t e d  a t  t h e  b a s e  o f  p r i s o n  H i l l  a t  9 :30 .  ~ o t  
s p r i n g s  a r e  l o c a t e d  a l o n g  t h e  f a u l t  a t  t h e  n o r t h w e s t  end o f  
P r i s o n  H i l l .  Wel l - cemented  P l e i s t o c e n e ( ? )  l a c u s t r i n e  
s a n d s t o n e  was q u a r r i e d  a t  t h e  n o r t h  end o f  p r i s o n  H i l l  f o r  
b u i l d i n g s  i n  C a r s o n  C i t y ,  Reno, v i r g i n i a  C i t y ,  and  t h e  
Brunswick  M i l l .  F o o t p r i n t s  and  s k e l e t a l  r e m a i n s  o f  b i r d  and 
mammals a r e  p r e s e r v e d  i n  t h e  s a n d s t o n e ,  i n c l u d i n g  t h o s e  o f  
t h e  g r o u n d  s l o t h ,  mammoth, h o r s e ,  b i s o n ,  d e e r ,  p e c c a r y ,  
w o l f ,  p o s s i b l y  s a b r e - t o o t h  t i g e r ,  and  many s p e c i e s  o f  b i r d s  
( a f t e r  Moore, 1 9 6 3 ) .  

J u n c t i o n  o f  U.S. 50 and S a l i m a n  Road.  N o t e  t h e  Holocene  
f a u l t  s c a r p  i n  t h e  b a s i n - f i l l  a t  3:OO. The h e i g h t  o f  t h e  
s c a r p  i s  30 t o  35  f e e t .  Houses  a r e  b u i l t  on t h e  upthrown 
s i d e .  T h i s  n o r t h e a s t - t r e n d i n g  f a u l t  s c a r p  i s  l o c a t e d  on t h e  
s o u t h e r n  e d g e  o f  t h e  C a r s o n  l i n e a m e n t .  

J u n c t i o n  o f  U.S. 50 and U.S. 3 9 5 .  TURN RIGHT ( n o r t h )  on  
U.S. 395.  ( R e f e r  t o  ROUTE 2 ,  m i l e a g e  1 9 . 4  t o  0 .0  f o r  more 
d e t a i l e d  g e o l o g i c  d e s c r i p t i o n s  f r o m  h e r e  t o  S t e a m b o a t  
S p r i n g s . )  

Lakev iew Summit ( e l e v a t i o n  5 , 1 6 0  f e e t ) .  L e a v i n g  C a r s o n  
C i t y .  ~ n t e r i n g  Washoe County .  

D e s c e n d i n g  i n t o  Washoe V a l l e y .  Ahead ,  on  t h e  r i g h t  is  
Washoe Lake.  S l i d e  ~ o u n t a i n  i s  a t  10:OO. A good v i e w  c a n  
b e  had  o f  t h e  l a n d s l i d e  s c a r  a n d  d e b r i s  f l o w  o f  May 30 ,  
1983 .  

A t  t h i s  p o i n t  t h e  1 9 8 3  d e b r i s  f l o w  c r o s s e d  U . S .  395.  

p a s s i n g  t h e  r u i n s  o f  t h e  O p h i r  M i l l ,  o n e  o f  t h e  many m i l l s  
t h a t  p r o c e s s e d  Comstock o r e .  I t  o p e r a t e d  from 1 8 6 1  t o  1866 
u n t i l  t h e  c o m p l e t i o n  o f  t h e  v i r g i n i a  & T r u c k e e  
R a i l r o a d  o f f e r e d  m o r e  e c o n o m i c a l  t r a n s p o r t a t i o n  t o  t h e  more 
e f f i c i e n t  C a r s o n  ~ i v e r  m i l l s .  The h i s t o r i c  t o w n s i t e  o f  
O p h i r  is  l o c a t e d  a b o u t  0.25 m i l e  t o  t h e  l e f t .  

N o t e  t h e  g r a n i t e  b o u l d e r s  f rom a n  o l d e r  d e b r i s  f l o w  f rom 
S l i d e  M o u n t a i n .  

H i s t o r i c  W i n t e r s  Ranch on t h e  r i g h t .  I t  was b u i l t  a r o u n d  
1 8 6 1  w i t h  p r o f i t s  f r o m  t h e  Comstock Lode. 

E n t e r i n g  Old  Washoe C i t y .  Founded i n  1 8 6 1 ,  i t  s o o n  become a  
m a j o r  o r e  a n d  l u m b e r  m i l l i n g  c e n t e r  f o r  t h e  Comstock mines .  

Summit o f  Washoe H i l l .  Now d e s c e n d i n g  i n t o  P l e a s a n t  V a l l e y .  

On t h e  l e f t ,  G a l e n a  C r e e k  c a n y o n  s p l i t s  t h e  h i l l s .  w his i s  
t h e  G a l e n a  m i n i n g  d i s t r i c t .  N o t e  e n t r a n c e  t o  t h e  
Commonwealth Mine ,  now b e i n g  u s e d  a s  a  t e a c h i n g / e x p e r i m e n t a l  
mine  b y  t h e  ~ a c k a y  S c h o o l  o f  Mines  a t  t h e  U n i v e r s i t y  o f  
Nevada a t  Reno. 

s t e a m b o a t  H i l l s  on  t h e  l e f t .  The p a s t e l  r o c k s  o f  t h e  G e i g e r  



Grade a l t e r e d  a r e a  a r e  ahead i n  t h e  V i r g i n i a  Range. 
. . 

3.0/46.3 C r o s s i n g  t h e  S teamboat  Hot S p r i n g s  t e r r a c e .  Note t h e  s team 
v e n t i n g  on t h e  r i g h t .  

1 . 1 / 4 7 - 4  J u n c t i o n  of  U.S. 395 w i t h  U . S .  3 4 1  (on  t h e  r i g h t ) ,  and u.S. 
431 (on t h e  l e f t )  . E N D  O F  ROUTE 1. 



GEOLOGIC ROADLOG - ROUTE 2 
STEAMBOAT SPRINGS - WASHOE VALLEY - CARSON VALLEY - KINGSBURY GRADE - 

LAKE TAHOE - MOUNT ROSE - STEAMBOAT SPRINGS 

mileage/ 
cumulative 

0.0/0.0 This route begins at the Steamboat Springs intersection of 
U.S. 395 south, Route 341 east to virginia City (see Route 
1), and Route 431 west to Mount Rose and Lake Tahoe. HEAD 
SOUTH ON U.S. 395. 

Ahead and to the right is the Steamboat Springs geothermal 
area.   he village of Steamboat and the Steamboat Springs 
spa are on the left. 

The Steamboat Hot Springs system has the longest and most 
complex geologic history of any active geothermal area yet 
studied in detail in the world (White and others, 1964; 
Si.l.berman and others, 1979). Other areas may have similar 
geologic histories, but lack the environments that preserve 
the evidence. Steamboat has been preserved because of the 
bala~ce that h z s  prevailel! kntween st~uctural upli ft and 
erosion on the one hand, and inundation by volcanic pro 
and alluvium on the other (White and others, 1964). 

.- 
The following geologic descriptions are taken largely f 
White and others (1964), Thompson and White (1964), White 
(1968 and 1974), Bonham (1969), Garside (1979), Silberman 
and others (1979), Hudson (1985). 

The oldest rocks in the Steamboat Springs area are pendants 
of Lower Mesozoic(?) metavolcanics (water-lain tuffs) and 
meta-sediments (sandstone, conglomerate, and limestone of 
the Lower Jurassic Gardnerville Formation) which have been 
intruded by granodiorite of Late Mesozoic (Cretaceous?) age. 
The granodiorite underlies much of the Steamboat area and 
has been hydrothermally altered in and adjacent to the 
thermal areas. 

~rosional remnants of early Miocene Alta and Kate Peak 
Formations (soda trachyte flows) lie unconformably over the 
Mesozoic rocks (mainly granodiorite) . Overlying the Alta 
and Kate Peak, in the vicinity of Sinter  ill, is the 
basaltic andesite of Steamboat Springs which has yielded 
K-Ar ages of 2.5 m.y. 

Quaternary deposits at Steamboat include ~leistocene 
sediments and sinter overlying the basaltic andesite in the 
low-lying areas, and Holocene sinter occuring mainly on the 
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Main and Lower T e r r a c e s  j u s t  west a n d  e a s t  o f  U . S .  395.  

S t e a m b o a t  S p r i n g s  i s  l o c a t e d  n e a r  t h e  n o r t h  end o f  t h e  Genoa 
F a u l t  i n  a  s h a t t e r  zone  o f  n o r t h - t r e n d i n g  f a u l t s ,  and is t h e  
s i t e  o f  f r e q u e n t  e a r t h q u a k e  swarms  which a r e  p r o b a b l y  
r e l a t e d  t o  g e o t h e r m a l  p r o c e s s e s  a n d  a r e  c l a s s i f i e d  a s  
l o w - r i s k .  The t h e r m a l  a r e a  o c c u r s  on  a  n o r t h e a s t e r l y -  
s t r i k i n g  l i n e  o f  f o u r  known r h y o l i t e  domes known a s  t h e  
S t e a m b o a t   ills r h y o l i t e .  The l a r g e s t  dome i s  a b o u t  3 . 1  
miles s o u t h w e s t  o f  t h e  Main T e r r a c e  and h a s  y i e l d e d  a  K - A r  
a g e  o f  1 .14+-0 .04  m.y. I t  was p r e c e d e d  and accompan ied  b y  
e x t e n s i v e  p y r o c l a s t i c  e r u p t i o n s  t h a t  m a n t l e d  much o f  t h e  
a d j a c e n t  a r e a  w i t h  r h y o l i t e  p u m i c e .  T h r e e  o t h e r  domes,  f rom 
0 .9  t o  3 . 1  m i l e s  t o  t h e  n o r t h e a s t ,  h a v e  y i e l d e d  a g e s  o f  f rom 
1 . 2  t o  3 . 0  m.y. 

The h o t - s p r i n g s  s y s t e m  formed i n  t h e  e a r l y  ~ l e i s t o c e n e ,  
p r i o r  t o  t h e  e r u p t i o n  o f  t h e  S t e a m b o a t    ills B a s a l t i c  
A n d e s i t e  f l o w s  i n  t h e  S t e a m b o a t  a r e a .  The s o u r c e  o f  t h e  
e n e r g y  f o r  t h e  t h e r m a l  c o n v e c t i v e  s y s t e m  is most  p r o b a b l y  a  
r h y o l i t i c  magma chamber f rom w h i c h  t h e  r h y o l i t i c  domes were 
e m p l a c e d .  I n  t h e  a p p r o x i m a t e l y  3  m i l l i o n  y e a r s  o f  t h e r m a l  
a c t i v i t y  h e r e  o n e  would e x p e c t  a  g r e a t e r  volume o f  r h y o l i t e  
t o  b e  e x t r u d e d  h e r e  t h a  i s  a c t u a l l y  p r e s e n t .  W h i t e  ( 1 9 6 8 )  
e s t i m a t e s  t h a t  3 , 0 0 0  kmg o f  u n d e r l y i n g  magma would b e  
r e q u i r e d  t o  c o o l  o v e r  3  m i l l i o n  y e a r s  t o  a c c o u n t  f o r  t h e  
c o n t i n u o u s  g e ~ t h e ~ i ~ ~ z t l  a c t i v i t y  a t  p r e s e - i t  x a t e s  c f  h e a t  
f l o w .  p u t  a n o t h e r  way, a b o u t  1 0 , 0 0 1  km3 o f  new magma, would 
h a v e  t o  h a v e  b e e n  p r o v i d e d  e a c h  y e a r  f o r  a p p r o x i m a t e l y  3  
m i l l i o n  y e a r s  t o  s u p p l y  t h e  h e a t  a t  t h e  p r e s e n t  r a t e  o f  h e a t  
l o s s .  T h i s  seems i m p r o b a b l e .  

I n  v i e w  o f  t h e  complex  h i s t o r i e s  o f  m o s t  l a r g e  s i l i c i c  
v o l c a n i c  s y s t e m s  and  t h e  f a c t  t h a t  many o f  them c u l m i n a t e d  
i n  a s h - f l o w  t u f f  e r u p t i o n s  and c a l d e r a  c o l l a p s e ,  t h e  more  
p r o b a b l e  e x p l a n a t i o n  f o r  S t e a m b o a t  S p r i n g s  is t h a t  t h e  magma 
chamber  l i e s  a t  g r e a t  d e p t h  and  h a s  had i n t e r m i t t a n t  c y c l e s  
o f  e v o l u t i o n .  

The t h e r m a l  w a t e r s  a t  S t e a m b o a t  a r e  h i g h  i n  sod ium,  
c h l o r i d e ,  b i c a r b o n a t e ,  and s i l i c o n  d i o x i d e ,  and h a v e  a  ' 

s i g n i f i c a n t  l i t h i u m  c o n t e n t .  They  a l s o  h a v e  a n a m a l o u s  
a m o u n t s  o f  a r s e n i c ,  a n t i m o n y ,  m e r c u r y ,  c e s i u m ,  and  b o r o n .  
Mercury  v a p o r  is  commonly d e t e c t e d  i n  t h e  s t e a m  f rom s p r i n g s  
and  wel l s ,  and  i s  n o t a b l e  i n  some c h a l c e d o n i c  s i n t e r .  The 
r e l a t i v e  a b u n d a n c e  o f  t h e s e  h i g h l y  s o l u b l e  e l e m e n t s  which 
h a v e  a  low c r u s t a l  a b u n d a n c e  c o u p l e d  w i t h  t h e  l o n g  l i f e  o f  
t h e  g e o t h e r m a l  s y s t e m  s u g g e s t  t h a t  t h e  e l e m e n t s  a r e  n o t  
s u p p l i e d  t o  t h e  s y s t e m  by r o c k  l e a c h i n g  a l o n e ,  b u t  a l s o  by a  
c o n t i n u i n g  s m a l l  ( p r o b a b l y  less  t h a n  5 %  o f  t h e  t o t a l  
h y d r o t h e r m a l  s y s t e m )  amount o f  e n r i c h e d  magmat ic  w a t e r .  

 inter a t  S t e a r n b o a t  S p r i n g s  c o n t a i n s  up t o  0.22 ppm g o l d ,  
1 . 0  ppm s i l v e r ,  280 ppm a r s e n i c ,  200 ppm a n t i m o n y ;  660 ppm 



mercury and 2.5 pprn thallium, while black siliceous muds 
deposited in present springs on the Main Terrace contain up 
to 10.0 pprn gold, 44.0 pprn silver, 1,384 pprn arsenic, 12,000 
ppm antimony, 460 pprn mercury, 1,100 pprn thallium, 4 pprn 
tungsten, 570 pprn copper, 70 pprn lead, and 70 pprn zinc 
(Hudson, 1987, unpublished data) . 
Silica deposited from flowing springs occurs as silica gel 
often finely interlayered with algae. Gasses trapped under 
the silica gel lend a bubbly appearance to the gelatinous 
sinter with the porous texture preserved in the younger 
opaline sinter. The gasses may result in part from 
decomposition of algae. (~udson, 1985) . 
Seasonal fluctuations and seismic activity creates wide 
variations in discharge rates. Individual springs have been 
active for decades while others start and stop over periods 
of weeks or months. Springs may deposit sinter for a time, 
and at other times the water may rapidly dissolve sinter, 
particularly at erupting springs. Open fissures on the Main 
Terrace are probably created by dissolution of sinter alonq - 
fractures during low water conditions by sulfuric acid 
condensed on the walls of the fissures (White and others, 

The Main Terrace is composed primarily of opaline sinter 
being 6eposited 5y the spri~gs. With .increasiny age and 
depth the sinter changes in composition to chalcedonic 
sinter. A large area of chalcedonic sinter .is present in 
Pine Basin to the southwest of the Main Terrace, and is 
believed to be the most extensive chalcedonic hot spring 
deposit of such sinter in the world. 

The springs at Steamboat are near boiling, and exploration 
steam wells have reported temperatures as high as 369'~. 
Preferred estimated reservoir temperatures from chemical 
geothermometers are approximately 400'~ (Mariner and others, 
1974). Six steam wells, ranging in depth from 716 to 1,830 
feet were drilled in the late 1950's and early 1960's by 
Nevada Thermal Power Company. Also, the U. S. ~eological 
Survey drilled eight core holes totalling 3,316 feet. , 

Several other wells have been drilled in the past for use by 
spas. In the late 1970is, Phillips Petroleum Company and 
Gulf Mineral Resources Company partnered in the drilling of 
25 shallow temperature gradient holes and 14 intermediate 
temperature gradient holes. Based on those results, two 
deep tests were drilled, both capable of commercial 
production. The Steamboat No. 1 was drilled in 1979 to a 
depth of 3,050 feet and has a maximum temperature of 442'~. 
The Cox 1-1 was drilled in 1981 to a depth of 3,471 feet and 
has a temperature of 350'~ at 950 feet. Currently, 
Geothermal Development Associates has developed a small 
geothermal electric plant about 1 km northwest of the Main 
Terrace. (For those desiring a more detailed tour of the 



Steamboat area, refer to White, 1985.) 

Rocks in the roadcut a.re Lower Jurassic rnetasediments of the 
Gardnerville   or mat ion, which includes shale, phyllite, 
argillite, quartzite, metatuff and metagraywacke, 
recrystallized limestone, conglomerate, hornfels, shist, and 
local interfingered skarn and tactite. 

Entering Pleasant Valley. The Steamboat Hills which host 
the major part of the Galena mining district are on the 
right. 

According to Thompson and White (1964) the Steamboat  ills 
trend northeast and have an anticlinal form produced by 
warping and tilting of fault blocks. On the southeast flank 
of the Steamboat ~ i l l s ,  north of Pleasant Valley, basal 
tuff-breccias of the Kate Peak Formation dip 45' to the 
southeast under the valley and reappear again on the 
southeast side of the synclinal structure in pleasant 
Valley. The structural relief, as in the Carson Range, has 
been produced by a combination of normal faults dipping away 
from the hills, and tilting that more than compensates for 
antithetic faults dipping toward the hills. 

At least three systems of normal faults have been recognized 
in the hills. One set strikes northeast, parallel to the 
axis of Lhe hills; ~ctany of these are antikhetic, A second 
set strikes northwest, nearly at right-angles to the first. 
The third set strikes nearly north and is prominent near 
Steamboat Springs; many faults of this set are antithetic in 
dipping toward the structural crest of Steamboat Hills, but 
their strikes are not parallel to the axis of the hills. 
Although faults of the three systems are not of distinctly 
separate ages, those of the north-striking system show 
evidence of being most active recently. 

Several andesitic intrusions of the Kate Peak Formation, a 
dome of pumiceous rhyolite, and a vent for basaltic 
andesite, indicate that volcanism was active in the hills 
over a long span of time. 

The Galena mining district encompasses the area around 
Pleasant Valley. The ore deposits occur in Lower 
Jurassic metasediments which have been intruded by 
Cretaceous granodiorite. These rocks are overlain 
unconformably by andesitic rocks of the Tertiary Alta and 
Kate Peak Formations. 

The mining camp was founded in 1860. After lead-silver ore 
was discovered at the district's major mine, the union or 
Commonwealth Mine, a mill and smelter were built. This 
operation proved unsuccessful and was abandoned, Several 
mining companies were in control of the union-Commonwealth' 
property up to 1957. Considerable development work was 
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d o n e ,  and s m a l l  t o n n a g e s  o f  l e a d ,  s i l v e r ,  z i n c ,  and g o l d  o r e  
were s h i p p e d  d u r i n g  t h e  y e a r s  1 9 0 6 - 1 9 0 7 ,  1911-1942, and  
1947-1956.  The m i n e  had s u b s t a n t i a l  p r o d u c t i o n  from 1 9 4 3  t o  
1 9 4 5  d u r i n g  which  1 4 , 6 2 4  t o n s  o f  l e a d - s i l v e r - z i n c - c o p p e r  o r e  
was p r o d u c e d  a t  a  g r o s s  v a l u e  o f  $ 2 3 2 , 0 0 0 .  Othe r  m i n e s  i n  
t h e  a r e a  had m i n o r  p r o d u c t i o n ,  b u t  f ew r e c o r d s  a r e  
a v a i l a b l e  ( a f t e r  Bonham, 1 9 6 9 )  . 

0.9/3 .4  C r o s s i n g  G a l e n a  C r e e k .  

0 .3 /3 .7  E n t r a n c e  t o  t h e  Commonwealth Mine a t  9:OO. 

0 .4 /4 .1  C r o s s i n g  S t e a m b o a t  C r e e k .  B o u l d e r  d e p o s i t s  a t  t h e  e d g e  o f  
t h e  f i e l d s  t o  t h e  r i g h t  a r e  f rom t h e  B r o w n ' s  Creek ( l o o k  
r i g h t  a t  a b o u t  10:OO) f l o o d  o f  J u n e  11, 1 9 2 7 .  A 
t h u n d e r s t o r m  c a u s e d  t h e  s m a l l  G r a s s  Lake r e s e r v o i r  l o c a t e d  
4.5 m i l e s  u p s t r e a m  t o  f a i l .  

0 .3 /4 .4  Road c u t  e x p o s u r e s  a r e  v o l c a n i c  b r e c c i a s  and r e l a t e d  r o c k s  
o f  t h e  K a t e  peak F o r m a t i o n .  

0 .7 /5 .1  A p p r o a c h i n g  t h e  summi t  o f  Washoe H i l l  ( e l e v a t i o n  5 , 1 2 0  
f e e t ) .  S l i d e  M o u n t a i n  i s  a t  12:OO a n d  Mount Rose i s  a t  
1 : o o .  

0 .4 /5 .5  E a s t l a k e  e rive ( o n  t h e  l e f t )  f o l l o w s  t h e  e a s t e r n  s h o r e  
~ a s ~ o e  Lake .  You a r e  nsw C Z Q S S ~ ~ ~ ~  4  n o r t h - - s n u t h - t r e n d i  
f a u l t s .  They d i e  o u t  a b o u t  1 , 0 0 0  f e e t  t o  t h e  r i g h t ,  a n  
c o n c e a l e d  t o  t h e  s o u t h  u n d e r  young  a l l u v i u m  o f  Washoe La 
T h e r e  is no c o n s i s t a n c y  t o  t h e  u p  a n d  down thrown s i d e s .  
Rocks  h e r e  a r e  s t i l l  K a t e  Peak F o r m a t i o n .  

0 .2 /5 .7  E n t e r i n g  Washoe V a l l e y .  L i t t l e  Washoe Lake a t  9 :00 ,  and  
Washoe Lake i n  t h e  d i s t a n c e  a t  10:OO. 

Washoe v a l l e y  h a s  a n  a r e a  o f  a p p r o x i m a t e l y  82  s q u a r e  miles 
a n d  i s  a n o r t h - t r e n d i n g  s t r u c t u r a l  d e p r e s s i o n  bounded on  t h e  
w e s t  b y  t h e  C a r s o n  Range and on  t h e  e a s t  by  t h e  ~ i r g i n i a  
Range. F a u l t s  b o u n d i n g  t h e  b a s i n  o n  t h e  west, a t  t h e  f o o t  
o f  t h e  C a r s o n  Range,  h a v e  b e e n  a c t i v e  r e c e n t l y  enough t o  
d i s p l a c e  l a t e  ~ l e i s t o c e n e  l a n d s l i d e s  e a s t  o f  S l i d e  Mounta in .  
S e d i m e n t s  a r e  t h i c k e s t  ( a t  l e a s t  1 , 8 0 0  f e e t )  a t  t h e  w e s t e r n  
m a r g i n  o f  t h e  b a s i n .  The b o u n d a r y  f a u l t s  d i e  o u t  a t  t h e  
n o r t h e r n  end o f  t h e  b a s i n ,  and t h e r e  t h e  K a t e  Peak F o r m a t i o n  
d i p s  g e n t l y  b a s i n w a r d .  The f l o o r  o f  t h e  v a l l e y  i s  o c c u p i e d  
b y  a  s h a l l o w  n a t u r a l  l a k e  r e s u l t i n g  f r o m  t h e  s a t u r a t e d  
c o n d i t i o n  o f  t h e  b a s i n - f i l l  s e d i m e n t s .  The l a k e  h a s  d r i e d  
c o m p l e t e l y  d u r i n g  e x t r e m e  d r o u g h t  o n c e  i n  t h e  1 9 3 0 ' s  and 
a l m o s t  c o m p l e t e l y  i n  1977 .  Ore was t r a n s p o r t e d  h e r e  f rom 
v i r g i n i a  C i t y  a c r o s s  t h e  n o r t h  end  o f  t h e  l a k e  by causeway  
t o  O p h i r  Creek  f o r  m i l l i n g ,  p r i o r  t o  t h e  c o m p l e t i o n  o f  t h e  
V i r g i n i a  & T r u c k e e  R a i l r o a d  t o  C a r s o n  C i t y .  

0 . 2 5 / 5 . 9 5  C r o s s i n g  t h e  o u t l e t  o f  ~ i t t l e  Washoe Lake i n t o  S t e a m b o a t  



Creek. Steamboat Creek is entrenched in a narrow gorge 250 
feet deep about 0.5 mile north of here on the west and 
northwest sides of Washoe Hill. This is partial evidence 
indicating that the north end of Washoe Valley was tilted 
eastward, or the axis of this part of the structural 
syncline was shifted eastward, in Late Quaternary time after 
entrenchment of the outlet had started. The faulted and 
uplifted beds 0.5 mile west of Little Washoe Lake also 
support this interpretation. The geologic history of this 
basin has been complex. Along with deformation of the 
northern end of the basin, old gravels and faulted lake beds 
cap surrounding hills. Erosion is destroying the connection 
between these isolated deposits. Washoe Valley has probably 
repeatedly contained larger lakes while Quaternary 
structural deformation competed with erosion and deposition. 
(af ter Thompson and White, 1964) . 
A series of Quaternary northeast-southwest-trending, 
antithetic faults parallel the road on the right and ascend 
en echelon toward the crest of the Carson Range. 

0.15/6.1 Entering old Washoe City. 

1:9/8.0 Bower's Mansion turn-off. Tuwn xight onto old U.S. 395 
(Franktown Road) . 

0.4/8.; ~ a v i s  Creek Caunty PayL to .the righk. Note % t t c ?  large whits 
scar on Slide Mountain at 2:OO. - 
Slide Mountain is composed mainly of Cretaceous 
granodiorite. The large landslide scar devoid of vegetation 
has been forming since prehistoric times. The slide 
involves approximately 125 million cubic yards of material 
that has moved downslope from an elevation of 9,400 feet to 
5,000 feet. This slide probably moved in 1852 following a 
severe earthquake in the vicinity of pyramid Lake (Slemmons 
and others, 1965). 

Geologists can count at least 9 times in the past 100,000 
years that slides and debris flows have let loose on Slide 
Mountain. The tenth and most recent landslide and resulting 
debris flow occurred on May 30, 1983. 

The oversteepened and tectonically fractured granitic rocks, 
with joints roughly paralleling the slope, provide prime 
conditions for landslides, Unseasonably heavy precipitation 
and/or seismic shocks act as the trigger for the slides in 
this area. The slide mass ranges from rock-fall avalanche 
to debris flow. The degree of weathering, dissection, and 
alluvial cover indicate a pre-late ~leistocene age for the 
prehistoric landsliding. A large fault cuts the 
granodiorite on the east flank of Slide Mountain. Downthrow 
is to the west, with the granodiorite dipping 70' to the 
west. The longitudinal valley formed along the fault 



c o n t a i n s  Hidden  and  G r a s s  l a k e s ,  w h i c h  a r e  o f  g l a c i a l  
o r i g i n .  p a r a l l e l i n g  t h i s  f a u l t  f a r t h e r  e a s t ,  a n o t h e r  l a r g e  
f a u l t  b o u n d s  t h i s  p a r t  o f  t h e  C a r s o n  Range,  b u t  h a s  normal  
downthrow t o  t h e  e a s t .  

0 . 2 / 8 . 6  Ahead,  a p p r o a c h i n g  a n  o l d e r  d e b r i s  f l o w  l e a d i n g  from S l i d e  
Mounta in .  The s l i d e  d e b r i s  t o  t h e  r i g h t  h a s  a  t y p i c a l  
hummocky s u r f a c e .  T h i s  t e r r a i n  was  t h o u g h t  t o  b e  o f  g l a c i a l  
o r i g i n  u n t i l  t h e  m i d - 1 9 6 0 ' s .  

0 .3 /8 .9  O p h i r  town s i t e  h i s t o r i c a l  m a r k e r  on t h e  l e f t .  About 0.25 
m i l e  t o  t h e  e a s t  o f  h e r e  on new U.S. 395 a r e  t h e  r e m a i n s  o f  
t h e  0 p h i r  M i l l  (see Route  1; m i l e a g e  3 7 . 3 ) .  

0 . 2 / 9 . 1  C r o s s i n g  t h e  O p h i r  C r e e k  mud a n d  d e b r i s  f l o w  of  May 3 0 ,  
1983 .  S t o p .  

A t  1 1 : 5 3  o r  1 1 : 5 4  AM on  May 3 0 ,  1 9 8 3 ,  a  mass  o f  r o c k ,  s o i l ,  
and  v e g e t a t i o n  s u d d e n l y  s l i d  down t h e  s t e e p  s o u t h e a s t - f a c i n g  
s l o p e  o f  S l i d e  M o u n t a i n .  The a r e a  o f  mass  movement i n v o l v e d  
40-50 a c r e s  and  t h e  movement was v e r y  s w i f t .  Much o f  t h e  
moving m a s s  s l i d  i n t o  t h e  n o r t h  h a l f  o f  u p p e r  pr ice Lake,  a  
s m a l l  pond c o v e r i n g  a b o u t  4-5 a c r e s  on  o p h i r  C r e e k .    he 
s u d d e n  movement o f  d e b r i s  i n t o  t h e  l a k e  c r e a t e d  a  s u r g e  o f  
w a t e r  t h a t  r a p i d l y  e x i t e d  t h e  pond a n d  f lowed  i n t o  Lower 
P r i c e  L a k e ,  a n d  t h e  c u m u l a t i v e  c o n t e n t s  o f  b o t h  l a k e s ,  a b o u t  
20-30 a z r e - f e e t  o f  muddy :;ntcr r a s h a d  down t h e  c t e e p  
( r o u g h l y  25% g r a d i e n t )  canyon  o f  O p h i r  C r e e k  be low t h e  
l a k e s .  The f l o o d  wave gouged d e b r i s  f r o m  t h e  canyon  b o t t o  
and  s i d e s  t h a t  c o n s i s t e d  m a i n l y  o f  a n  u n c o n s o l i d a t e d  
h e t e r o g e n e o u s  m a s s  o f  e a r l i e r  l a n d  s l i d e  d e p o s i t s .  I t  
i n c o r p o r a t e d  t h i s  d e b r i s  mixed w i t h  t rees  and v e g e t a t i o n  
t h a t  l i n e d  t h e  c a n y o n  f l o o r  i n t o  a n  i n c r e a s i n g l y  a b r a s i v e  
m i x t u r e  o f  w a t e r  and  d e b r i s  t h a t  g a i n e d  momentum a s  i t  
i n c r e a s e d  i t s  m a s s  d u r i n g  d o w n s t r e a m  t r a n s i t .  A f t e r  a b o u t  a  
m i l e ,  t h e  c h a n n e l  g r a d i e n t  d e c r e a s e s  t o  a b o u t  12-13 p e r c e n t  
b u t  m o s t  o f  t h e  m a t e r i a l  c o n t i n u e d  t o  move and t h e  mass  
p r o g r e s s i v l y  i n c r e a s e d  a s  t h e  b u l l d o z i n g  a c t i o n  p e r s i s t e d .  
A f t e r  a b o u t  8-9 m i n u t e s  o f  t r a v e l ,  t h i s  high-momentum d e b r i s  
wave, w i t h  a  l e a d i n g  e d g e  a b o u t  30 f e e t  t a l l ,  r e a c h e d  t h e  
c a n y o n  mouth  w h e r e  t h e  c h a n n e l  a b r u p t l y  widened and 
f l a t t e n e d .  A t  t h e  c a n y o n  mouth ,  a b o u t  0 .25  m i l e  u p s t r e a m  
from t h i s  r o a d w a y ,  a f t e r  t r a v e l l i n g  a b o u t  2.5 miles a t  a n  
a v e r a g e  v e l o c i t y  o f  18-20 miles p e r  h o u r  (25-30 f e e t  p e r  
s e c o n d ) ,  t h e  b o u l d e r - l a d e n  f l o o d  wave e n c o u n t e r e d  and  
d e s t r o y e d  2  homes i n  i t s  p a t h .  I t  o v e r t o o k  4  o f  5  p e o p l e  
r a c i n g  t o  e s c a p e  i t s  w r a t h ,  k i l l e d  o n e  and i n j u r e d  t h e  o t h e r  
t h r e e .  I t  t h e n  c o n t i n u e d  d o w n s t r e a m  a c r o s s  t h i s  roadway 
d e p o s i t i n g  l a r g e  q u a n t i t i e s  o f  d e b r i s  a s  t h e  c h a n n e l  f u r t h e r  
expanded  o n t o  t h e  f a n  and t h e  g r a d i e n t  r a p i d l y  d e c r e a s e d .  
Maximum d e p t h  o f  f i l l  a c r o s s  t h e  r o a d  was a b o u t  9  f e e t ,  
About 0 . 1  m i l e  b e l o w  t h i s  roadway ,  t h e  moving mass  d e s t r o y e d  
o n e  home and  s e r i o u s l y  damaged two o t h e r s .  L a r g e  b o u l d e r  
movement c e a s e d  j u s t  beyond t h i s  l i n e  o f  homes, b u t  
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f i n e - g r a i n e d ,  v i s c o u s  r u n - o u t  moved a t  l e a s t  0 . 2  m i l e  
f a r t h e r  t o  t h e  e d g e  o f  and o n t o  t h e  f r e e w a y ,  t e m p o r a r i l y  
c l o s i n g  t h e  s o u t h b o u n d  l a n e s .  F i n d - g r a i n e d  r u n o u t  c o n t i n u e d  
t o  and  a l o n g  t h e  w e s t  e d g e  o f  t h e  f r e e w a y  f o r  a  l e a s t  a n  
h o u r .  The mass  movement o f  m a t e r i a l  f rom t h e  s l o p e s  o f  
S l i d e  M o u n t a i n  t h a t  began  t h i s  d i s a s t e r  was p r o b a b l y  
t r i g g e r e d  by i n c r e a s e d  h y d r a u l i c  f o r c e s  i n  t h e  f r a c t u r e s  and  
j o i n t s  o f  t h e  g r a n o d i o r i t e  b e d r o c k .  An a b n o r m a l l y  heavy  
snowpack had  b e e n  m e l t i n g  r a p i d l y  d u r i n g  s e v e r a l  p r e c e e d i n g  
d a y s  o f  above-normal  a t m o s p h e r i c  t e m p e r a t u r e  ( G l a n c y  and 
o t h e r s ,  1 9 8 4 ) .  

P a s s i n g  t h r o u g h  a n  o l d e r  d e b r i s  f l o w .  

Bowers Mansion C o u n t y  Park  on t h e  r i g h t .  

The Mans ion  i s  b u i l t  on t h e  f r o n t a l  f a u l t  s y s t e m  o f  t h e  
C a r s o n  Range,  a n d  i s  a l s o  t h e  s i t e  o f  a  g e o t h e r m a l  anomaly .  
Hot w a t e r  i s s u e s  f rom s p r i n g s  a l o n g  a  r e c e n t  f a u l t .  A w e l l  
d r i l l e d  a l o n g  t h e  f a u l t  i n  1 9 6 2  e n c o u n t e r e d  1 1 7 ' ~  w a t e r  a t  
207 f e e t .  T h i s  w e l l  now s u p p l i e s  t h e  t h e r m a l  w a t e r  t o  t h e  
p a r k ' s  two p o o l s .  

C r o s s i n g  F r a n k t o w n  C r e e k .  On F e b r u a r y  2 ,  1 8 8 1  h e a v y  r a i n  on  
t h e  snowpack c a u s e d  a  manmade dam o n  Frank town C r e e k  a b o u t  2 
m i l e s  a b o v e  F r a n k t o w n  t o  f a i l .  T h e  r e s u l t i n g  t o r r e n t  
d e s t r o y e d  m o s t  o f  t h e  s e t t l e m e n t  &rid k i l l e d  a E e w  r e s i d s r i t s .  
G r a n i t i c  b o u l d e r s ,  g r a v e l ,  a n d  s a n d  d e p o s i t s  dumped by t h e  
f l o o d w a t e r s  a r e  s t i l l  v i s i b l e  a l o n g  t h i s  r o a d .  

F r a n k t o w n  Road on  t h e  r i g h t .  C o n t i n u e  s t r a i g h t  a h e a d .  

F r a n k t o w n  h i s t o r i c a l  m a r k e r  o n  t h e  l e f t .  F rank town was 
a n o t h e r  l u m b e r  a n d  o r e  m i l l i n g  town t h a t  s e r v e d  t h e  Cornstock 
m i n e s  i n  v i r g i n i a  C i t y  p r i o r  t o  t h e  c o n s t r u c t i o n  o f  t h e  
v i r g i n i a  & T r u c k e e  R a i l r o a d .  

F r a n k t o w n  Road on  t h e  r i g h t .  C o n t i n u e  s t r a i g h t  a h e a d .  The 
r o a d  i s  b u i l t  on Q u a t e r n a r y  a l l u v i a l  f a n  d e p o s i t s  t h a t  h a v e  
i s s u e d  f r o m  t h e  C a r s o n  Range. 

C r e t a c e o u s  g r a n i t i c  g r u s  is e x p o s e d  on  b o t h  s i d e  o f  t h e  
r o a d c u t  a h e a d .  Miocene a s h - f l o w  t u f f  c a p s  t h e  g r a n i t i c  
b a s e m e n t  r o c k s  h e r e  a t  a b o u t  5 , 0 0 0  f e e t .  I n  t h e  v i r g i n i a  
Range t o  t h e  e a s t  ( l e f t ) ,  t h e  b a s e  o f  t h e  same u n i t  i s  
e x p o s e d  h i g h  i n  t h e  r a n g e ,  i n d i c a t i n g  d i s p l a c e m e n t s  o f  2 ,000 
t o  3 , 0 0 0  f e e t  a l o n g  t h e  f a u l t s  i n  t h e  v a l l e y  m a r g i n  
(Slemmons,  1 9 7 5 ) .  To t h e  west on  t h e  c res t  o f  t h e  C a r s o n  
Range,  t h i s  u n i t  o c c u r s  a t  e l e v a t i o n s  o v e r  8 , 0 0 0  f e e t ,  
showing  t h e  e f f e c t s  o f  w a r p i n g  o r  d i s t r i b u t i v e  f a u l t i n g  i n  
t h i s  r e g i o n  (Moore,  1 9 6 9 ) .  

~ a k e v i e w  Summit ( e l e v a t i o n  5 , 1 6 0  f e e t ) .    his is t h e  d i v i d e  
b e t w e e n  Washoe V a l l e y  and E a g l e  V a l l e y  ( a h e a d ) .  
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0.6/16.3 Entering Eagle Valley and Carson City. 

Eagle Valley is another structural depression between the 
Carson Range on the west and the virginia and pine Nut 
Ranges on the east. 

0.7/17.0 Large boulders in the borrow pit on the left were trucked 
here during clean-up operations of the 1983 Ophir Creek 
debris flow. 

0.2/17.2 Crossing a northeast-trending Holocene fault scarp. Here 
the Sierran frontal fault zone intersects with the 
northwestern margin of the Carson lineament, a 
northeast-trending (N55oE) zone of faults stretching from 
Carson City to Fallon. It is thought to be a left-lateral 
compliment to the right-lateral northwest-trending Walker. 
Lane fault zone. In the Carson City area the zone is about 
4 to 5 miles wide with numerous fault scarps occurring along 
the southern margin of the virginia Range (see Route 1, 
mileage 26.8). Both north and south margins of the 
lineament show evidence of Holocene movement (as recent as 
300 years ago), while the central portion shows pre-Holocene 
movement (after Bell and Pease, 1980; Trexler and Bell, 
1939). 

1.3/18.5 Entering Carson City (elevation 4,675 feet) . 
0.9/19.4 Junction with U.S. 50 east on the left. Continue straight 

ahead on u.S. 395 south. 

0.7/20.1 State Capitol and Legislative Building on the left. 

0.7/20.8 On the right, note the roadcut at the base of the mountain. 
The stratigraphy on the north (right) end of the cut 
starting at the top consists of (1) recent surface deposits 
overlying a (2) lens of volcanic ash (probably 
mid-~leistocene age and predating ancient Lake Lahontan 
deposits) , which overlies (3) gravel, which overlies (4) 
Lower Mesozoic(?) metavolcanics. 

0.3/21.1 The mountain at 9:00 is prison  ill. The north end of the 
hill consists primarily of Lower Mesozoic(?) metavolcanic 
rocks. The southern part is Cretaceous granite. (For more 
information on the geology of Prison Hill see Route 1, 
mileage 25.1). 

1.9/23.0 Junction with U.S. 50 (west). In the sand pit on the right, 
note the section of grus (decomposed granite) and coluvial 
deposits. Continue straight ahead on U.S. 395 south. 

0.4/23.4 Crossing Clear Creek. Most of the streams draining east 
from the Carson Range have had portions of their gradients 
steepened by movement on Recent range front faults that 
cross their channels. 
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Begin  c l i m b i n g  ~ n d i a n  H i l l  which s e p a r a t e s  E a g l e  v a l l e y  and 
C a r s o n  V a l l e y  ( a h e a d ) .  T h i s  h i l l  c o n s i s t s  o f  e a r l y  
P l e i s t o c e n e  t e r r a c e  g r a v e l s  o f  p r e d o m i n a n t l y  "metamorph ic  
l i t h o l o g i e s  which were d e r i v e d  f r o m  o l d e r  Q u a t e r n a r y  o r  
T e r t i a r y  s e d i m e n t s  a n d  g r a n i t i c  r o c k s  t o  t h e  west. The 
a l l u v i a l  s u r f a c e  s l o p e s  n o r t h e a s t  a n d  r e p r e s e n t s  a  p e r i o d  o f  
e r o s i o n  and  d e p o s i t i o n  t h a t  p r o b a b l y  t o o k  p l a c e  when t h e  
b a s e  l e v e l  o f  C a r s o n  v a l l e y  was a b o u t  200 f e e t  h i g h e r  t h a n  
p r e s e n t "  ( G l a n c y  and o t h e r s ,  1 9 8 4 )  . 
Turn  r i g h t  o n t o  S t a t e  Rou te  206 ( J a c k ' s  V a l l e y  R o a d ) .  

C r o s s i n g  t h e  S i e r r a n  f r o n t a l  f a u l t  s c a r p  which s e p a r a t e s  
C r e t a c e o u s  g r a n o d i o r i t e  o f  t h e  C a r s o n  Range (on  t h e  west) 
f rom down-dropped Q u a t e r n a r y  d e p o s i t s  on  t h e  e a s t .  

D e s c e n d i n g  i n t o  J a c k ' s  V a l l e y .  L o o k i n g  west, t h e  i m p r e s s i v e  
S i e r r a  Nevada f r o n t a l  f a u l t  s c a r p  ( l o c a l l y  c a l l e d  t h e  Genoa 
f a u l t )  r i s e s  more  t h a n  4 ,000  f e e t  a b o v e  t h e  v a l l e y  f l o o r .  

A s  you h a v e  s e e n ,  f r o m  Reno s o u t h  t o  C a r s o n  C i t y ,  t h e  S i e r r a  
Nevada f r o n t a l  f a u l t  is  a  d i f f u s e  z o n e  o f  f a u l t s .  S o u t h  o f  
C a r s o n  C i t y ,  h o w e v e r ,  t h e  f r o n t a l  f a u l t  becomes s t r i k i n g l y  
p r o m i n e n t ,  c o n s i s t i n g  o f  f e w e r  f a u l t s . o f  g r e a t e r  v e r t i c a l  
o f f s e t .  I n  t h e  J a c k ' s  V a l l e y  a r e a  v e r t i c a l  o f f s e t  i s  a s  
much a s  7 , 9 9 4  f e e t ,  w i t h  a n  a c c o m p a n y i n g  n o r t h - t r e n d i n g  
v e r t i c a l  e s c a r p m e n t  o f  4,OOC f e e t .  

L e a v i n g  J a c k ' s  V a l l e y .  The p o n d s  o n  t h e  l e f t  a t  t h e  b a s e  of  
t h e  h i l l  a r e  f e d  b y  g e o t h e r m a l  w a t e r  f r o m  t h e  ~ o b o  ~ o t  
S p r i n g s  which  s p a n  t h e  west and  s o u t h  s i d e s  o f  t h e  h i l l .  . 
The s p r i n g s  d i s c h a r g e  114oF w a t e r  a t  t h e  r a t e  o f  10  t o  1 5  
g a l l o n s  o f  p e r  m i n u t e .  

E n t e r i n g  t h e  C a r s o n  V a l l e y ,  t h e  v a s t  e x p a n s e  a h e a d  and l e f t .  

C a r s o n  v a l l e y  i s  bounded on t h e  w e s t  b y  t h e  C a r s o n  Range 
(composed m o s t l y  o f  C r e t a c e o u s  g r a n o d i o r i t e  a n d / o r  q u a r t z  

m o n z o n i t e ) ,  and on  t h e  e a s t  by  t h e  p i n e  Nut Range ( r o c k s  a r e  
v a r i e d  a n d  i n c l u d e  g r a n i t e s ,  m e t a s e d i m e n t s ,  s e d i m e n t a r y  
r o c k s ,  a n d  v o l c a n i c s  t h a t  r a n g e  i n  a g e  f r o m  Lower Mesozoic  
t h r o u g h  t h e  T e r t i a r y ) .  The s t r u c t u r a l  b l o c k  u n d e r l y i n g  t h i s  
v a l l e y  t i l t s  t o  t h e  west. O l d e r  s e d i m e n t s  a r e  e x p o s e d  a l o n g  
t h e  e a s t e r n  m a r g i n ,  and  t h e  s t e e p  f r o n t a l  f a u l t  o f  t h e  
C a r s o n  Range b o u n d s  t h e  w e s t e r n  m a r g i n .  

~ i k e  t h e  T r u c k e e  Meadows and Washoe a n d  E a g l e  v a l l e y s  t o  t h e  
n o r t h ,  C a r s o n  v a l l e y  e x p e r i e n c e s  a  r a i n - s h a d o w  e f f e c t  f rom 
t h e  S i e r r a .  The west s i d e  o f  t h e  v a l l e y  i s  wet and  t h e  e a s t  
s i d e  i s  d r y .  C a r s o n  V a l l e y  c o n t a i n s  t h e  h e a d w a t e r s  o f  t h e  
e a s t  a n d  west f o r k s  o f  t h e  C a r s o n  ~ i v e r ,  h i g h  q u a l i t y  w a t e r  
t h a t  f l o w s  n o r t h e a s t w a r d  a c r o s s  Nevada t o  dead-end i n  t h e  
C a r s o n  S i n k .  



0 .7 /29 .8  On t h e  r i g h t  i s  t h e  R e c e n t  Genoa f a u l t  s c a r p .  

0 .2 /30.0  A t  3 : 0 0 ,  t h e  Genoa f a u l t  s c a r p  f o l l o w s  t h e  b a s e  o f  t h e  
C a r s o n  Range.  T h i s  f a u l t  s c a r p  i s  f r o m  30 t o  44 f e e t  h i g h ,  
d i p s  t o  t h e  e a s t  a t  36' t o  50°, a n d  s t r e t c h e s  f o r  a b o u t  1 0  
m i l e s  i n  t h i s  a r e a  s o u t h w a r d  t o  Genoa .  I t  was i n  e x i s t a n c e  
i n  1 8 5 4  when t h e  f i r s t  s e t t l e r s  a r r i v e d  i n  t h e  a r e a .  A 
p o s s i b l e  a g e  o f  p o s t - l a t e  W i s c o n s i n a n  ( p o s t  T ioga  s t a g e )  is 
p r o p o s e d  b a s e d  on  t h e  a g e  o f  t h e  o l d  p i n e  t r e e s  and  l a c k  o f  
e x t e n s i v e  e r o s i o n .  The a l l u v i u m  o n  b o t h  s i d e s  o f  t h e  r o a d  
i s  a b o u t  5 , 0 0 0  y e a r s  o l d .  

2 . 9 / 3 2 . 9  E n t e r i n g  Genoa ,  N e v a d a ' s  o l d e s t  s e t t l e m e n t .  

0 .4 /33 .3  L e a v i n g  Genoa. T h i s  is  t h e  s i t e  o f  d e b r i s  f l o w  which  
c r o s s e d  t h e  h i g h w a y  i n  Augus t  1 9 7 1 .  

0 .5 /33 .8  N o t e  t h e  m a r s h y ,  w a t e r - l o g g e d  a r e a  o f  b a s i n  f i l l  t o  t h e  
l e f t ,  a n d  t h e  s e e p s  a b o v e  t h e  v a l l e y  f l o o r  j u s t  b e l o w  t h e  
roadway .  T h i s  w i l l  b e  e l a b o r a t e d  on  a t  t h e  n e x t  m i l e a g e  
p o i n t .  

Good e x p o s u r e  o f  t h e  Genoa f a u l t  s c a r p  i n  t h e  g r a v e l  p i t  t o  
t h e  r i g h t .  ~ e t a i l e d  e x a m i n a t i o n s  o f  c r o s s  s e c t i o n s  o f  t h e  
a l l u v i a l  t e r r a c e s  n e a r b y  i n d i c a t e  t h a t  s e v e r a l  e v e n t s  formed 
t h i s  s c a r p .  I n  t h i s  a r e a  t h e  S i e r r a n  f r o n t a l  f a u l t  zone  
c o n s i s t s  o f  two n;ain s p l a y s  which  j c i n  s o u t h  o f  Hobo I 1 3 t  
S p r i n g s  t o  fo rm t h e  Genoa f a u l t .  ~ e o l o g i c  and  t r e n c h i n g  
s t u d i e s  b y  P e a s e  ( 1 9 7 9 )  i n d i c a t e  t h a t  b o t h  s p l a y s  a r e  less 
t h a n  s e v e r a l  t h o u s a n d  y e a r s  o l d .  The Genoa f a u l t  s c a r p  is  
g e o m o r p h i c a l l y  v e r y  young ,  and  may b e  less  t h a n  a  f ew 
h u n d r e d  y e a r s  o l d  a c c o r d i n g  t o  P e a s e .  ~ i s t o r i c a l  r e c o r d s  
i n d i c a t e  t h a t  i t  fo rmed  p r i o r  t o  1 8 5 4  (Lawson,  1 9 1 2 ,  B e l l  
1 9 8 1 ) .  The f a u l t  p l a n e  h e r e  h a s  a n  a v e r a g e  s t r i k e  o f  a b o u t  
~ 1 0 ~ 1 ~ ~  a  r a t h e r  u n i f o r m  d i p  o f  58' n o r t h e a s t ,  and  a n  a v e r a g e  
p l u n g e  o f  80' wh ich  s u g g e s t s  t h a t  a b o u t  1 0 %  of  t h e  
d i s p l a c e m e n t  is  a  r i g h t - l a t e r a l  componen t .  The m o s t  r e c e n t  
d i s p l a c e m e n t s  h a v e  p r o d u c e d  t r i a n g u l a r  f a c e t s  on t h e  r a n g e  
f r o n t ,  a n d  a  y o u t h f u l - a p p e a r i n g  f a u l t  s c a r p  w i t h  a  v e r t i c a l  
d i s p l a c e m e n t  o f  a b o u t  34 f e e t  and a  s l o p e  o f  a b o u t  38'. The 
d i s p l a c e m e n t s  a l o n g  t h i s  s c a r p  h a v e  r e j u v e n a t e d  t h e  v a l l e y  
t o  p r o d u c e  t e r r a c e s  on  e i t h e r  s i d e  of t h e  v a l l e y  ( a f t e r  
S lemmons,  1 9 7 5 ) .  

The C a r s o n  R i v e r  f l o w s  more t h a n  n o r m a l l y  c l o s e  t o  t h e  f o o t  
o f  t h e  C a r s o n  Range t h r o u g h  a n  e x t e n s i v e  m a r s h ,  i n d i c a t i n g  
t h a t  d e p r e s s i o n  o f  t h e  v a l l e y  f l o o r  h a s  b e e n  s o  r e c e n t  t h a t  
d e b r i s  washed f r o m  t h e  C a r s o n  Range h a s  n o t  been  a b l e  t o  
f i l l  t h e  m a r s h  and  s o  f o r c e  t h e  r i v e r  t o  meander  e a s t w a r d  
t o w a r d  t h e  c e n t e r  o f  t h e  C a r s o n  v a l l e y .  ~ e l i e f  i s  o n l y  
a b o u t  1 0  f e e t  i n  t h e  3 -mi le  wide  f l o o d  p l a i n .  

The h o t  s p r i n g s  o b s e r v e d  on t h i s  r o u t e  i s s u i n g  f rom a l o n g  
t h e  m a r g i n  o f  t h e  C a r s o n  Range a r e  d i r e c t l y  r e l a t e d  t o  t h e  

-34- 



r a n g e - f r o n t  f a u l t i n g ,  

0 . 5 / 3 4 . 8  W a l l e y ' s  Hot S p r i n g s  on t h e  l e f t .  The r e s o r t  f e a t u r e s  s i x  
h o t  m i n e r a l  p o o l s ,  s a u n a s ,  and a  f r e s h  w a t e r  swimming p o o l .  

0 . 3 / 3 5 . 1  E x p o s u r e  o f  t h e  Genoa f a u l t  s u r f a c e  a t  3:OO. The g r a n i t i c  
g o u g e  c o n t a i n s  s l i c k e n s i d e s .  The d a r k  r o c k s  a r e  ~ e s o z o i c  
m e t a m o r p h i c s .  

3 .5 /38 .6  J u n c t i o n  w i t h  S t a t e  R o u t e  207 (new K i n g s b u r y  G r a d e ) . T u r n  
~ i s h t .  

0 .9 /39 .5  You a r e  now e n t e r i n g  t h e  C r e t a c e o u s  g r a n o d i o r i t e  and  q u a r t z  
m o n z o n i t e  o f  t h e  C a r s o n  Range. E x c e p t  f o r  a n  a r e a  a r o u n d  
G l e n b r o o k ,  t h i s  w i l l  b e  t h e  d o m i n a n t  r o c k  t y p e  f o r  t h e  r o u t e  
a r o u n d  Lake Tahoe .  

7 .2 /46 .7  D a g g e t t  P a s s  ( e l e v a t i o n  7 , 3 3 4  f e e t ) .  B e g i n  d e s c e n t  i n t o  t h e  
Tahoe b a s i n .  

Lake  Tahoe o c c u p i e s  a  v a l l e y  b e t w e e n  t h e  m a i n  c r e s t  o f  t h e  
S i e r r a  on  t h e  w e s t ,  and  t h e  C a r s o n  Range o f f - s h o o t  o f  t h e  
S i e r r a  on t h e  e a s t .  I t  is  a b o u t  22 m i l e s  l o n g  ( f r o m  n o r t h  
t o  s o u t h )  a n d  1 2  miles wide .  The a v e r a g e  d e p t h  o f  t h e  w a t e r  
is 1 , 0 0 0  f e e t .  The d e e p e s t  m e a s u r e d  d e p t h  i s  1 , 6 4 5  f e e t .  
The maximum a l t i t u d e  o f  t h e  l a k e  s u r f a c e  i s  6229.1 f e e t  
a b u v e  mean s e a  l e v e l  a s  manda ted  by l a w .  

Lake Tahoe is commonly i n c l u d e d  i n  t h e  S i e r r a  Nevada 
g e o m o r p h i c  p r o v i n c e ;  however ,  i t s  f o r m a t i o n  is d u e  t o  Grea  
B a s i n - t y p e  f a u l t i n g .  The l i t h o l o g i c  b o u n d a r y  o f  t h e  S i e r r a  
Nevada e x t e n d s  e a s t w a r d  t o  t h e  C a r s o n  V a l l e y ,  w h i l e  t h e  
s t r u c t u r a l  b o u n d a r y  o f  t h e  G r e a t  B a s i n  e x t e n d s  wes tward  t o  
t h e  c res t  o f  t h e  S i e r r a  on  t h e  w e s t  s i d e  o f  Lake Tahoe ,  The 
Tahoe b a s i n  is  a down-dropped b l o c k ,  o r  g r a b e n ,  b o x - l i k e  i n  
s h a p e ,  a n d  b o r d e r e d  b y  s t e e p l y - d i p p i n g  f a u l t s  b e t w e e n  t h e  
two r a n g e  c re s t s .    he f l o o r  o f  t h e  b a s i n  is  4 ,700 f e e t  
a b o v e  s e a  l e v e l ,  t h e  same e l e v a t i o n  a s  t h e  s u r f a c e  o f  t h e  
C a r s o n  v a l l e y  t o  t h e  e a s t .  

The S i e r r a n  b l o c k  b e g a n  t o  b e  f a u l t e d  upward and t i l t e d '  t o  
t h e  w e s t  a b o u t  6 m i l l i o n  y e a r s  a g o .  F a u l t i n g ,  v o l c a n i s m ,  
and u p l i f t  a r o u n d  t h e  l a k e  h a v e  p r o g r e s s e d  t o g e t h e r  f rom t h e  
l a t e  T e r t i a r y  ( M i o - P l i o c e n e )  t h r o u g h  Q u a t e r n a r y  t i m e .  The 
l a k e  b a s i n  was fo rmed  b y  f a u l t i n g  a n d  v o l c a n i s m  a b o u t  2  
m i l l i o n  y e a r s  a g o .  

A x e l r o d ' s  s t u d i e s  o f  M i o - P l i o c e n e  a g e  f o s s i l  p l a n t s  i n  
w e s t e r n  Nevada and  e a s t e r n  C a l i f o r n i a  i n d i c a t e  a  s i m i l a r  
c l i m a t e  f o r  b o t h  a r e a s  and  a  maximum e l e v a t i o n  a t  t h a t  t i m e  
o f  2 , 0 0 0  t o  3 , 0 0 0  f e e t .  H e  s u g g e s t e d ,  t h e r e f o r e ,  t h a t  t h i s  
a r e a  h a s  b e e n  u p l i f t e d  5 , 0 0 0  t o  6 , 5 0 0  f e e t ,  r e l a t i v e  t o  t h e  
s u r r o u n d i n g  a r e a s ,  s i n c e  e a r l y  ~ l i o c e n e  t i m e .  The b o u n d a r y  
f a u l t s  h a v e  b e e n  l a r g e l y  o b s c u r e d  b y  - t h e  more  r e c e n t  



volcanic flows and glacial deposits; however, portions of 
the faults or fault zones can be traced in a number of areas 
surrounding the lake (refer to Burnett, 1972). 

The first glaciation in the Sierra began around 3 million 
years ago (late ~liocene-early Pleistocene) after the range 
was uplifted to its present height. 

There are four major groups of rocks present in the Lake 
Tahoe Basin: (1) pre-Cretaceous ( ~ r  iassic and older) 
metamorphic rocks, (2) J U K ~ S S ~ C  and Cretaceous granitic 
intrusive rocks of the Sierra Nevada batholith, (3) Tertiary 
(Mio-~liocene) and Quaternary (~leistocene) volcanic rocks, 
and (4) Quaternary glacio-fluvial deposits. 

The pre-Cretaceous (Triassic and older) rocks are 
metasediments or metavolcanics occurring as roof pendants on 
the granitic Sierra Nevada batholith. They are exposed on 
the western side of the basin. 

Intrusive Jurassic and Cretaceous rocks of the Sierra Nevada 
batholith range in composition from monzogranite to quartz 
diorite (with granodiorite and quartz monzodiorite most 
abundant), and comprise most of the bedrock terrain in the 
Tahoe Basin. Quartz diorite, diorite, and gabbpo are 
present in small bodies especially adjacent to the 
setamcr~hic rocks. 

The darker more basic varieties of granite are the oldest 
intrusive rocks and are a result of the contamination of the 
granodiorite magma by basic wall rocks. This older group 
has been intruded by basaltic dikes and the younger, 
lighter-colored granodiorites. 

Extensive flows of ~ertiary and Quaternary volcanic rocks 
cover large areas in the northwestern part of the Tahoe 
Basin and to the north and south immediately outside of the 
basin. These volcanic rocks consist of mudflow breccias, 

h and flows of andesite, basalt, and latite. The mudflows are 
crudely stratified, massive, thick-bedded, and are well to 
loosely consolidated. They erupted as a dense fluid and 
flowed many miles over gentle slopes. Most of the more 
extensive landslide areas in the northern part of the basin 
are formed in these mud-flow and tuff-flow breccia rocks and 
the sedimentary rocks derived from them. (Matthews, 1968). 
The andesite, basalt, and latite flows are more thinly 
bedded and display prominent cross-jointing. They are more 
resistant to weathering than the mudflows and support only a 
thin veneer of soil. Because water freely penetrates the 
joints, talus slopes form below these flows. Most of the 
vents for these flow rocks are buried by erupted material, 
but probably were localized in fault zones north of Lake 
Tahoe. 



The c e n t e r s  o f  e r u p t i o n  on t h e  n o r t h  end  o f  t h e  b a s i n  a r e  
n e a r  M t .  Watson and  M t .  P l u t o .  A g r e a t  p i l e  o f  T e r t i a r y  and 
Q u a t e r n a r y  mudf low b r e c c i a s  a n d  f l o w s  o f  a n d e s i t e ,  l a t i t e ,  
and b a s a l t  f o r m s  a  dam a c r o s s  t h e  o u t l e t  o f  t h e  Tahoe B a s i n  
on t h e  n o r t h ,  e x t e n d i n g  f rom t h e  t o p  o f  M a r t i s  Peak 
( e l e v a t i o n  8 , 6 4 2  f e e t )  t o  t h e  n o r t h  s h o r e  o f  t h e  l a k e ,  a  
d i s t a n c e  o f  4  mi les .  S t e v e n s  P e a k  on t h e  s o u t h  end o f  t h e  
Tahoe B a s i n  i s  a  v o l c a n i c  p i l e  2 , 0 0 0  f e e t  t h i c k ,  which  
p r o b a b l y  e r u p t e d  t h r o u g h  f a u l t s  w h i c h  formed t h e  g r a b e n  o f  
t h e  Upper T r u c k e e  R i v e r  ( o n  t h e  s o u t h  end o f  t h e  l a k e ) ,  

T e r t i a r y  v o l c a n i c  mudflow r o c k s  a r o u n d  t h e  n o r t h  end  o f  t h e  
Tahoe B a s i n  h a v e  s o  f a r  y i e l d e d  K - A r  d a t e s  o f  f rom 1 .3+-0 .1  
t o  7.4 m.y. T h u s ,  t h e  m a j o r i t y  o f  t h e s e  v o l c a n i c  mud f l o w s  
a p p e a r  t o '  h a v e  e r u p t e d  i n  l a t e  P l i o c e n e  time, w i t h  t h e  
o v e r l y i n g  f l o w s  e r u p t i n g  j u s t  a f t e r  t h e  c l o s e  o f  t h e  
P l i o c e n e .  T h e s e  ~ e r t i a r y  v o l c a n i c  r o c k s  c o r r e l a t e  i n  a g e  
and c o m p o s i t i o n  w i t h  f o r m a t i o n s  e a s t w a r d  i n  t h e  C a r s o n  and 
V i r g i n i a  R a n g e s ,  a n d  w i t h  t h e  M e h r t e n   orm mat ion s o u t h  o f  
Lake Tahoe .  The y o u n g e r  Q u a t e r n a r y  f l o w s  c o r r e l a t e  w i t h  t h e  
p l e i s t o c e n e  Louse town F o r m a t i o n  a l s o  found  t o  t h e  e a s t .  The 
Q u a t e r n a r y  v o l c a n i c  v e n t s  a r e  m a r k e d  by c i n d e r  c o n e s .  

~ u r i n g  t h e  p l e i s t o c e n e  e p o c h  i ce  c o v e r e d  a l l  b u t  t h e  h i g h e s t  
p e a k s  a n d  r i d g e s  o f  t h e  S i e r r a  w e s t  o f  Lake Tahoe.  V a l l e y  
g l a c i e r s ,  a l m o s t  1 , 0 0 0  f e e t  t h i c k  a t  . t h e i r  maxirnum, moved 
c a s t w a r d  ?awn t h e  z2nyc2s s c o u r i n g  l o o s e  z3ck and 2 i l i n g  i t  
up i n t o  l a t e r a l ,  m e d i a l ,  and  t e r m i n a l  m o r r a i n e s .  On t h e  
e a s t e r n  s i d e  o f  t h e  b a s i n ,  i n  t h e  C a r s o n  Range, o n l y  t h e  
s h a d e d  a r e a s  o f  t h e  h i g h e s t  p e a k s  d e v e l o p e d  g l a c i e r s .  With 
t h e  h i g h e s t  e l e v a t i o n s  i n  b o t h  r a n g e s  b e i n g  e q u a l ,  t h e  
d i f f e r e n c e  i n  g l a c i a t i o n  was d i r e c t l y  r e l a t e d  t o  t h e  
d i f f e r e n t  a m o u n t s  o f  s n o w f a l l  e a c h  s i d e  o f  t h e  b a s i n  
r e c e i v e d .  Then ,  a s  now, t h e  a n n u a l  p r e c i p i t a t i o n  s t e a d i l y  
d e c r e a s e d  f rom west t o  e a s t  a c r o s s  t h e  b a s i n .  T h i s  " r a i n  
shadow" e f f e c t  i s  d u e  t o  a  c o m b i n a t i o n  o f  f a c t o r s  i n c l u d i n g  
a i r  m a s s ,  m o i s t u r e ,  and  l a n d  f o r m s .  The w e s t e r n  S i e r r a n  
c r e s t  r e c e i v e s  u p  t o  90  i n c h e s  of  r a i n f a l l  p e r  y e a r .  The 
C a r s o n  Range r e c e i v e s  o n l y  20 i n c h e s  p e r  y e a r ;  t h e r e f o r e ,  
few e x a m p l e s  o f  p r i m e  g l a c i a l  f e a t u r e s  w i l l  b e  s e e n  on  t h i s  
r o u t e  a l o n g  T a h o e ' s  e a s t e r n  s h o r e .  

C l u e s  d e r i v e d  f rom r e l a t i n g  d a t e d  v o l c a n i c  r o c k s  and  
l a n d f o r m s  t o  a s s o c i a t e d  g l a c i a l  d e p o s i t s ,  mapping 
f l u c t u a t i n g  t i m b e r l i n e s  w i t h  t r e e  r i n g  measurements  and  
Carbon-14 d a t i n g ,  and  d a t i n g  v o l c a n i c  a s h  i n  s o i l  h o r i z o n s  
show t h a t  t h e  S i e r r a  h a r b o r e d  g l a c i e r s  more t h a n  3 m i l l i o n  
y e a r s  a g o .   here were g l a c i a l  a d v a n c e s  a g a i n  a b o u t  400,000 
y e a r s  a g o  a n d  a l s o  a b o u t  1 3 0 , 0 0 0  y e a r s  ago .  A r e c o r d  o f  t h e  
a d v a n c e s  and  r e t r e a t s  o f  t h e  g l a c i e r s  i s  p r e s e r v e d  i n  t h e  
m o r r a i n e s .  F o u r  m a j o r  a d v a n c e s  a r e  known, and a f i f t h  m i n o r  
a d v a n c e  i s  r e p r e s e n t e d  b y  s e v e r a l  r o c k  g l a c i e r s  which s t i l l  
may b e  a c t i v e .  The o l d e s t  g l a c i a l  a d v a n c e s  were  t h e  l a r g e s t  
and e x t e n d e d  f a r t h e s t  i n t o  t h e  l o w l a n d s .  However, m o r r a i n e s  



l e f t  b y  g l a c i e r s  6 0 , 0 0 0  t o  2 0 , 0 0 0  y e a r s  a g o  ( t h e  T a h o e ,  
Tenaya ,  and ~ i 0 g a  g l a c i a t i o n s  o f  ~ l e i s t o c e n e  W i s c o n s i n a n  
a g e )  a r e  t h e  b e s t  known o f  a l l  t h e  g l a c i a l  d e p o s i t s  b e c a u s e  
t h e y  e x h i b i t  w e l l - d e v e l o p e d  l a n d s c a p e  f e a t u r e s .  
U n f o r t u n a t e l y ,  t h e y  a r e  b e s t  d e v e l o p e d  i n  t h e  s o u t h e r n  h a l f  
o f  t h e  S i e r r a  on t h e  e a s t e r n  s l o p e .  

The r e l a t i v e  a g e  o f  t h e  m o r r a i n e s  c a n  b e  e s t a b l i s h e d  b y  
s t u d y i n g  and c o m p a r i n g  t h e  amount  o f  w e a t h e r i n g  e a c h  h a s  
s u s t a i n e d  ( B u r n e t t ,  1 9 7 1 ) .    his is  r a t h e r  c i r c u m s t a n t i a l  
e v i d e n c e  t o  b e  u s i n g ,  a n d  i t  is  f u r t h e r  c o m p l i c a t e d  by s o i l  
p r o d u c t i o n  on t h e  m o i s t e r  w e s t e r n  s i d e  o f  t h e  S i e r r a  v s .  t h e  
d r y e r  e a s t e r n  s i d e .  A l s o ,  t h e  number o f  m o r r a i n a l  a d v a n c e s  
and r e t r e a t s  were n o t  u n i f o r m  f o r  a l l  a r e a s  t h r o u g h o u t  t h e  
S i e r r a ,  which  g r e a t l y  s c r a m b l e s  t h e  p i c t u r e .  A r e a s  b e i n g  
compared i n  a  g l a c i a l  s t u d y  may b e  s o  f a r  a p a r t  o r  p r e s e n t  
s u c h  g r e a t  c o n t r a s t s  t h a t  c o r r e l a t i o n  on  a  r e g i o n a l  s c a l e  is  
i m p o s s i b l e .  

The g l a c i a l  h i s t o r y  i n  t h i s  a r e a  i s  a l s o  r e p r e s e n t e d  b y  
i s o l a t e d  p a t c h e s  o f  l a k e  b e d s  a n d  s h o r e l i n e s  t h a t  c a n  b e  
found  up  t o  e l e v a t i o n s  o f  6 , 8 0 0  f e e t  a r o u n d  Lake Tahoe .  
T h e s e  d e p o s i t s  were l a i d  down when t h e  l a k e  l e v e l  was u p  t o  
600 f e e t  h i g h e r  t h a n  i t  is t o d a y .  The o l d e r  and  l a r g e r  
g l a c i a t i o n s  ( p r e - T a h o e )  c a u s e d  t h e  h i g h e s t  r ises i n  l a k e  
l e v e l  d u e  t o  ice dams f o r m i n g  a t  t h e . o u t l e t  o f  t h e  l a k e  
which  was,  and  i s  s t i l l ,  t h e  T r u c k e e  R i k - s r  en t h s  n o z t h w e s t  
end o f  t h e  l a k e .  The l a k e  l e v e l  r o s e  a t  l e a s t  90  f e e t  a g a i n  
d u r i n g  Tahoe g l a c i a t i o n .  The f r e q u e n c e  a d  l e v e l  t o  which 
t h e  l a k e  was f i l l e d  a b o v e  i t s  o u t l e t  b y  t h i s  p r o c e s s  
d e p e n d e d  on t h i c k  g l a c i a l  ice b e i n g  r e l e a s e d  i n t o  t h e  
T r u c k e e  R i v e r  o u t l e t  a n d  t h e  r a t e  o f  m e l t w a t e r  b u i l d - u p  
b e h i n d  t h e  i ce  dam. 

Ice w e i g h s  less  t h a n  w a t e r  b y  o n e - t e n t h .  The impounded 
w a t e r  would b u i l d  u p  u n t i l  n i n e - t e n t h s  o f  t h e  ice  was 
c o v e r e d  a n d  t h e n  t h e  ice  dam would  b e g i n  t o  f l o a t .  A t  t h i s  
p o i n t ,  c a t a s t r o p h i c  f l o o d s  o f  w a t e r  would b e  r e l e a s e d  a l o n g  
t h e  b a s e  o f  t h e  ice .  E v i d e n c e  o f  t h e s e  f l o o d s  is f o u n d  h i g h  
on  t h e  w a l l s  o f  t h e  T r u c k e e  R i v e r  c a n y o n  f rom ~ a h o e  C i t y  
downs t ream t o  v e r d i .  Huge g r a n i t e  b o u l d e r s  e a s t  o f  Reno i n  
t h e  T r u c k e e  ~ i v e r  f l o o d p l a i n  and  c a n y o n  beyond a r e  a l s o  
a t t r i b u t e d  t o  t h e s e  e p i s o d e s  o f  f l o o d i n g  ( r e f e r  t o  R o u t e  3 ,  
m i l e a g e  1 0 . 5 )  . 
I n  the l a s t  1 0 1 0 0 0  y e a r s ,  t h e  c l i m a t e  h a s  c o o l e d  e n o u g h  
t h r e e  t imes f o r ' s m a l l  g l a c i e r s  t o  fo rm i n  t h e  S i e r r a *  This 
p e r l o d  1s c a l l e d  t h e  " L i t t l e  I c e  Age" ( M a t t h e s ,  1 9 3 0 ) .  
T h e s e  c o o l  p e r i o d s  were f rom:  

1. 8500-7000 B.C. ( 9 0 0 0 - 1 0 , 5 0 0  B . P . )  
2 .  1410 
3. 1700-1750 

3 .1 /49 .8  J u n c t i o n  o f  ~ i n g s b u r y  G r a d e  ( S t a t e  R o u t e  207)  and  U . S .  50 .  



Turn r i g h t  o n t o  U . S .  50.  The meadows a l o n g  t h e  l e f t  s i d e  o f  
t h e  r o a d  h a v e  b e e n  formed on decomposed g r a n i t e  s a n d s  which 
h a v e  b e e n  washed down t o  t h e  l a k e  l e v e l  f rom s t r e a m s  
d r a i n i n g  t h e  C a r s o n  Range on t h e  r i g h t .  

1 . 3 / 5 1 . 1  Elk  Beach t o  t h e  l e f t .  Round Mound ( e l e v a t i o n  6 ,720 f e e t )  
a t  1 1 : O O  is a  r e s i s t a n t  knob o f  g r a n i t e .  

2.2/53.3 E n t e r i n g  Zephyr Cove.  

2.2/55.5 E n t e r i n g  ~ a k e r i d g e .  From h e r e  n o r t h w a r d  v a r i o u s  e x p e n s i v e  
s u b d i v i s i o n s  h a v e  b e e n  c o n s t r u c t e d  o n  e x t r e m e l y  s t e e p  
t e r r a i n  o f  u n s t a b l e  decompos ing  g r a n o d i o r i t e  a n d  q u a r t z  
m o n z o n i t e .  N a t u r a l  s t r e a m  r e g i m e n s  t h e r e  h a v e  b e e n  
s t r a i g h t e n e d  a n d  c o n f i n e d .  Deve lopment  o f  meadowlands  a l o n g  
t h e  l a k e  s h o r e  h a s  d i s t u r b e d  t h e  l o w - v e l o c i t y ,  s e t t l i n g -  
b a s i n  e f f e c t  o f  t h e  m a r s h e s ,  a l l o w i n g  s i l t  and  s a n d  
p a r t i c l e s  t o  wash d i r e c t l y  i n t o  L a k e  ~ a h o e ,  d i m i n i s h i n g  t h e  
c l a r i t y  o f  t h e  w a t e r .  

0 .3 /55 .8  Cave Rock,  s t r a i g h t  a h e a d ,  is  t h e  e r o d e d  t h r o a t  o f  a  v o l c a n o  
which e r u p t e d  i n  ~ e r t i a r y  ( M i o c e n e ? )  t i m e .  The r o c k  is  a  
p o r p h y r i t i c  h o r n b l e n d e - s a n i d i n e  l a t i t e .  D u r i n g  t h e  
p l e i s t o c e n e ,  c a v e s  were c u t  on t h e  s o u t h  s i d e  o f  t h e  r o c k  b y  
wave a c t i o n .  The l a k e  l e v e l  was 1 4 0  f ee t  h i g h e r  t h e n ,  d u e  
t o  g l a c i a l  ice damming t h e  o u t l e t  b e t w e e n  Tahoe C i t y  and  
T r  uckee .  

Looking t o  t h e  l e f t  ( w e s t )  a c r o s s  t h e  l a k e  i s  t h e  w h i t e  s c a r  
o f  t h e  Emerald  Bay r o c k s l i d e - a v a l a n c h e .  C o n s t r u c t i o n  o f  
Highway 89  (now l o c a t e d  i n  t h e  u p p e r  p o r t i o n  o f  t h e  s l i d e )  
p r o b a b l y  p r e c i p i t a t e d  t h e  i n i t i a l  movement o f  t h e  r o c k  p r i o r  
t o  a  s e a s o n  o f  h e a v y  p r e c i p i t a t i o n  i n  1953 .  The highway 
u n d e r c u t  j o i n t e d  b l o c k s  o f  g r a n i t e  s t a c k e d  on e a c h  o t h e r  i n  
a n  a r e a  o f  s t e e p  t o p o g r a p h i c  t e r r a i n .  A g a i n ,  f o l l o w i n g  
e x t r e m e  p r e c i p i t a t i o n  d u r i n g  t h e  w i n t e r  o f  1955-56,  a  much 
more e x t e n s i v e  a r e a  f a i l e d  ( a p p r o x i m a t e l y  200,000 c u b i c  
y a r d s ) ,  which n e a r l y  wiped-ou t  t h e  h ighway a s  t h e  mass  moved 
4 5 0  f e e t  d o w n s l o p e  i n t o  Emerald  Bay. R e c u r r a n c e  i s  v e r y  
l i k e l y .  C o n d i t i o n s  c o n t r i b u t i n g  t o  t h e  movement were a  
s a t u r a t e d  r o c k  m a s s  and  j o i n t  p l a n e s  d i s s e c t i n g  t h e  g r a n i t e  
r o c k  a t  a b o u t  40° n o r t h ,  which i s  less t h a n  t h e  t o p o g r a p h i c  
s l o p e ,  a n d  f o r m s  t h e  s o l e  o r  s h e a r  p l a n e  o f  t h e  f a i l u r e .  

1 .4 /57 .2  v i s t a  p o i n t  on  t h e  l e f t .  

0 .6 /57.8  Ahead, t h e  p r o m i n e n t  peak  o f  d a r k  r o c k s  on t h e  r i g h t  s i d e  o f  
t h e  r o a d  is S h a k e s p e a r e  p o i n t .  I t  is p a r t  o f  a  ~ e r t i a r y  
l a v a  f l o w  w i t h  t h e  same m i n e r a l o g y  a s  Cave Rock. 

1 . 1 / 5 8 . 9  G l e n b r o o k  t u r n - o f f  t o  t h e  l e f t .  Keep t o  t h e  r i g h t  on U.S. 
50.  I n  t h e  n e x t  m i l e  t h e  r o u t e  p a s s e s  t h r o u g h  t h e  f o l l o w i n g  - 
s e q u e n c e  o f  Lower M e s o z o i c ( ? )  r o c k s :  medium t o  d a r k  g r a y  
metamorphosed t u f f  a n d  f l o w s ,  f o l l o w e d  by d a r k  g r a y  



h o r n b l e n d e  d i o r i t e ,  f o l l o w e d  by t a n  t o  p i n k  g r a y  b i o t i t e  
m o n z o g r a n i t e .  

1 . 4 / 6 0 . 3  Note  t h e  Miocene  v o l c a n i c  f l o w  a n d  v e n t  ( h o r n b l e n d e  
t r a c h y t e )  r o c k s  i n  t h e  r o a d c u t s  f o r  t h e  n e x t  1.5 m i l e s .  The 
r o c k s  a r e  m o s t l y  g r a y ,  e x c e p t  w h e r e  h y d r o t h e r m a l  s o l u t i o n s  
h a v e  b l e a c h e d  them t o  l i g h t  p a s t e l  s h a d e s .  

1 3 6 1 . 6  SpOOneK   unction. T u r n  l e f t  o n t o  S t a t e  R o u t e  28.  S p o o n e r  
Summit ( e l e v a t i o n  7 , 1 5 0  f e e t )  i s  a b o u t  0.5 m i l e  t o  t h e  
r i g h t .  

0 .3 /61 .9  S p o o n e r  L a k e ,  o n  t h e  r i g h t ,  o c c u p i e s  a  f a u l t - c o n t r o l l e d  s a g  
pond a r e a  made d e e p e r  by  a  s m a l l  e a r t h e n  dam on t h e  west 
e n d ,  

The r o u t e  now p a s s e s  f rom Miocene v o l c a n i c s  back i n t o  
Lower M e s o z o i c  ( ? )  metamorphosed v o l c a n i c s .  

S p o o n e r  Meadow on  t h e  r i g h t .  

L e a v i n g  D o u g l a s  C o u n t y .  E n t e r i n g  C a r s o n  C i t y .  N O W  p a s s i n g  
back  i n t o  C r e t a c e o u s  g r a n o d i o r i t e  and  q u a r t z  m o n z o n i t e .  The  
more r e s i s t a n t  v e i n s  o f  q u a r t z  o r  f e l d s p a r  s t a n d  o u t  i n  
r e l i e f  i n  t h e  r o a d c u t s .  

The r o a d  c r o s s e s  a  n o r t h e a s t - t r e n d i n g  f a u l i  and p a r a l l e l s  i t  
f o r  t h e  n e x t  0 .3  m i l e .  Down-drop i s  o n  t h e  s o u t h e a s t  s i d e .  

L e a v i n g  C a r s o n  C i t y .  E n t e r i n g  Washoe C o u n t y .  

0 .5 /67.4  The r o a d  c r o s s e s  a n o t h e r  n o r t h e a s t - t r e n d i n g  f a u l t  which  i s  
o c c u p i e d  b y  M a r l e t t e  C r e e k .  Down-drop is  on  t h e  s o u t h e a s t  
s i d e .  I n  t h e  f l a t  a r e a  t o  t h e  r i g h t  i s  M a r l e t t e  R e s e r v o i r .  

0 .6 /68.0  Sand P o i n t  a h e a d  a t  1 1 : O O .  

0 .7/68.7 Sand H a r b o r  S t a t e  P a r k  on t h e  l e f t .  The b e a u t i f u l  s a n d y  
b e a c h  s u r r o u n d e d  by r o u n d e d  g r a n i t e  k n o b s  a r e  a  good e x a m p l e  
o f  t h e  n o r m a l  w e a t h e r i n g  o f  g r a n i t e  i n  t h i s  a r e a .  

Along j o i n t s  i n  t h e  g r a n i t e ,  w a t e r  e n t e r s  and  c h e m i c a l l y  a n d  
m e c h a n i c a l l y  a t t a c k s  t h e  i n d i v i d u a l  m i n e r a l  g r a i n s ,  c a u s i n g  
t h e  r o c k  t o  d i s i n t e g r a t e ,  The k n o b s  o f  g r a n i t e  i n  t h i s  a r e a  
h a v e  n o t  b e e n  f r a c t u r e d  and a r e  t h u s  more  r e s i s t a n t  t o  
e r o s i o n .  

Much o f  t h e  g r a n i t e  b e d r o c k  on t h e  w e s t  s i d e  o f  t h e  Tahoe 
b a s i n  was s c r a p e d  c l e a n  o f  o v e r l y i n g  d e b r i s  and p o l i s h e d  by 
moving ice a n d  r o c k  m a t e r i a l  o f  t h e  ~ l e i s t o c e n e  g l a c i e r s ,  
and t o d a y  r e m a i n s  m o r e  i m p e r v i o u s  t o  t h e  a g e n t s  o f  c h e m i c a l  
and m e c h a n i c a l  w e a t h e r i n g  t h a n  t h e  g r a n i t e  on t h e  e a s t  s i d e  
o f  t h e  b a s i n .  I n  a d d i t i o n ,  w e a t h e r i n g  o f  t h e  g r a n i t e  on t h e  
west is h i n d e r e d  b e c a u s e  t h e  e l e v a t i o n s  a r e  h i g h e r ,  wh ich  



k e e p s  a v a i l a b l e  w a t e r  f r o z e n  m o r e  o f t e n ,  h i n d e r i n g  i t s  
c h e m i c a l  and  m e c h a n i c a l  a c t i o n .  A l s o ,  v e g e t a t i o n  i s  more  
s c a r c e  which  e l i m i n a t e s  t h e  a c t i o n  o f  o r g a n i c  a c i d s  f rom 
f o r e s t  l i t t e r  on  t h e  r o c k  m i n e r a l s .  

On t h e  e a s t e r n  u n g l a c i a t e d  s i d e  o f  t h e  b a s i n ,  t h e  
g r a n o d i o r i t e  h a s  b e e n  mos t  a f f e c t e d  by t h e  combined a c t i o n  
o f  w a t e r ,  a t m o s p h e r i c  g a s e s ,  a n d  o r g a n i c  a c i d s  f rom d e c a y i n g  
p l a n t  m a t e r i a l .  

Most o f  t h e  m i n e r a l s  t h a t  make u p  t h e  g r a n i t i c  r o c k  a r e  n o t  
c h e m i c a l l y  s t a b l e  i n  t h e  z o n e  o f  w e a t h e r i n g  a t  o r  n e a r  t h e  
s u r f a c e  o f  t h e  e a r t h .  The b i o t i t e  is a l t e r e d  f i r s t  b y  w a t e r  
and  o r g a n i c  a c i d s  f rom d e c a y i n g  v e g e t a t i o n .  These  s o l u t i o n s  
s e e p  i n t o ' m i n u t e  f r a c t u r e s  i n  t h e  r o c k ,  a l t e r i n g  t h e  b i o t i t e  
t o  c h l o r i t e ,  a  s l i g h t l y  e x p a n d e d  m i n e r a l .   his e x p a n s i o n  
s h a t t e r s  t h e  s u r r o u n d i n g  m i n e r a l  g r a i n s  a l l o w i n g  more  w a t e r  
t o  e n t e r  t h e  r o c k  ( ~ a h r h a f t i g  a n d  o t h e r s ,  1 9 6 5 ) .    he weak 
a c i d  s o l u t i o n s  a l s o  l e a c h  t h e  c a l c i u m ,  p o t a s s i u m  and  sodium 
o u t  o f  t h e  f e l d s p a r  g r a i n s ,  a l t e r i n g  i t  t o  c l a y .    he 
r e l a t i v e l y  s t a b l e  q u a r t z  and h o r n b l e n d e  g r a i n s  a r e  l e f t  
u n a t t a c h e d ,  a n d ,  e v e n t u a l l y ,  t h e  o n c e  s o l i d  g r a n i t e  i s  
r e d u c e d  t o  l o o s e  p i l e s  o f  c o a r s e  g r a n i t e  s a n d ,  c a l l e d  g r u s .  

The minimum t i m e  r e q u i r e d  t o  f o r m  decomposed g r a n i t e  f r o m  
f r e s h ,  m a s s i v e  r o c k  h a s  b e e n  e s t i m a t e d  i n  t h e  Tahoe b a s i n  b y  
s t u d y i a y  t h e  d e g r e e  o f  w e a t h e r i n g  a d j a c e n t  t o  g l a c i a l  
m o r a i n e s  o f  v a r i o u s  known a g e s ,  Assuming t h a t  a l l  , 

decomposed r o c k  i n  a r e a s  u n d e r g o i n g  g l a c i a l  e r o s i o n  would b e  
removed b y  t h e  g r e a t  w e i g h t  a n d  a b r a s i v e  a c t i o n  o f  g l a c i a l  
ice,  a n y  w e a t h e r i n g  on  g r a n i t e  b e d r o c k  a d j a c e n t  t o  t h e  
m o r a i n e  m u s t  h a v e  t a k e n  p l a c e  a f t e r  t h e  g l a c i e r  r e c e d e d .  
G r a n i t e  b e n e a t h  t h e  1 0 , 0 0 0 - y e a r - o l d  ~ i o g a  s t a g e  m o r a i n e s  h a s  
b e e n  i n c o m p l e t e l y  w e a t h e r e d  t o  a  maximum d e p t h  o f  a b o u t  
1 / 1 6 - i n c h ,  o r  a b o u t  t h e  t h i c k n e s s  o f  o n e  m i n e r a l  g r a i n .  The 
Tahoe s t a g e  m o r a i n e s  a r e  t h o u g h t  t o  b e  a r o u n d  7 5 , 0 0 0  y e a r s  
o l d .  G r a n i t e  b e l o w  t h e s e  m o r a i n e s  i s  d e e p l y  w e a t h e r e d  ( u p  
t o  1 0 0  f e e t )  t o  decomposed g r a n i t e  s a n d  a l t h o u g h  many f r e s h  
r e s i d u a l  b l o c k s  o r  " c o r e s t o n e s "  r e m a i n .  G r a n i t i c  r o c k  
a d j a c e n t  t o  t h e  p re -Tahoe  m o r a i n e s  h a v e  been  d e e p l y  and,  
t h o r o u g h l y  w e a t h e r e d ,  and o n l y  a  f ew r e s i d u a l  c o r e s t o n e s  
r e m a i n .  ( M a t t h e w s  and  B u r n e t t ,  1 9 7 1 )  . 
The r o a d  c r o s s e s  a  f a u l t  t r e n d i n g  n o r t h - n o r t h e a s t .  Down- 
d r o p  is on  t h e  s o u t h e a s t  s i d e .  

S c e n i c  o v e r l o o k  on t h e  l e f t .  

The r o a d  c r o s s e s  a  n o r t h e a s t - t r e n d i n g  f a u l t .   own-drop i s  
on  t h e  s o u t h e a s t  s i d e .  

E n t e r i n g  incline v i l l a g e .  

Most o f  t h e  town is  b u i l t  on e i t h e r  s t e e p ,  u n s t a b l e  
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decompos ing  g r a n i t e ;  s t e e p ,  u n s t a b l e  a n d e s i t e  f l o w  r o c k s ;  
o l d  Lake ~ a h o e  s h o r e l i n e  s e d i m e n t s ;  o r  a l l u v i u m  washed down 
from t h e  Mount Rose  a r e a  t o  t h e  n o r t h .  B u i l d e r s  and  b u y e r s  
d o n ' t  seem t o  mind t h e  g e o l o g i c a l l y  u n s t a b l e  b u i l d i n g  s i t e s .  

3 .2 /74.5  J u n c t i o n  o f  S t a t e  R o u t e  2 8  and  S t a t e  R o u t e  431 (Mount Rose 
~ i g h w a y )  . Turn  r i g h t  o n t o  S t a t e  R o u t e  431. 

0 .2 /74.7  C r o s s i n g  S e c o n d  C r e e k .  I n  A u g u s t  1 9 6 7 ,  a  mudflow washed 
down t h i s  c r e e k  d e s t r o y i n g  t h e  o n l y  home i n  t h e  a r e a  a t  t h a t  
time. N O W ,  many homes o c c u p y  t h e  a r e a ,  b u t  no p r e c a u t i o n s '  
h a v e  b e e n  t a k e n  f o r  f u t u r e  m u d s l i d e s .  

2 ,7 /77 .4  R o a d c u t s  o n  t h e  l e f t  a r e  i n  a n d e s i t e .  v o l c a n i c  r o c k s  m a n t l e  
t h e  n o r t h e r n  and n o r t h w e s t e r n  p o r t i o n  o f  t h e  Tahoe b a s i n ;  
t h e r e f o r e ,  t h e  b e d r o c k  e x p o s u r e s  w i l l  b e  a l t e r n a t i n g  f rom 
t h e  l i g h t ,  i n t r u s i v e  g r a n o d i o r i t e  t o  d a r k ,  e x t r u s i v e  
a n d e s i t e s .  

0 .6 /78.0  S c e n i c  o v e r l o o k  on t h e  r i g h t .  S t o p  ( w a t c h  f o r  s a f e  t r a f f i c  
c o n d i t i o n s )  . 
The human p o p u l a t i o n  h a s  mushroomed i n  t h e  Tahoe b a s i n  s i n c e  
t h e  l a t e  1 9 4 0 ' s .  Along w i t h  t h e  p r o b l e m s  o f  smog f rom t h e  
c a r  e x h a u s t ,  a n d  e f f e c t i v e  t r e a t m e n t  a n d  remova l  o f  a l l  t h e  
w a s t e  p r o d u c t s  f r o m  t h e  p e o p l e ,  a n o t h e r  m a j o r  p r o b l e m  
f e m a i n s  t h a t  o f  i n c r e a s e d  e r o s i o n  a n d  t h e  ~ e s u i t i n g  c l o u d i n g  
o f  T a h o e l s  o n c e  c l e a r  , w a t e r s  b y  s i l t  a n d  i n c r e a s e d  o r g a n i c  
n u t r i e n t s ,  t h a t  h a s  r e s u l t e d  i n  a n  enormous  i n c r e a s e  i n  
a l g a l  g r o w t h  i n  t h e  l a k e .  The b u i l d i n g  o f  r o a d s  and  h o u s i n g  
s i t e s  a n d  r e s o r t  a r e a s  h a v e  c a r v e d  i n t o  t h e  f r a g i l e  f o r e s t s  
a n d  s t r e a m  d r a i n a g e  s y s t e m s  o n  t h e  m o u n t a i n  s l o p e s .  
S h o r e l i n e  meadows a n d  m a r s h e s ,  t h a t  n o r m a l l y  s e r v e  a s  t h e  
f i n a l  s e t t l i n g  b a s i n s  o r  f i l t e r s  f o r  t h e  s i l t  a n d  o r g a n i c  
d e b r i s  b r o u g h t  down by s t r e a m s ,  h a v e  b e e n  d r i e d - o u t  o r  
f i l l e d - i n  t o  make g o l f  c o u r s e s  o r  c a s i n o  and t o w n - s i t e s .  
The n a t u r a l  e c o s y s t e m  i n  t h i s  a r e a  o f  g r e a t  c l i m a t i c  
v a r i a t i o n  h a s  b e e n  h a r d  h i t .  S l o w ,  w i n d i n g  s t r e a m s  h a v e  
been  c e m e n t e d  i n t o  s t r a i g h t  n a r r o w  c h a n n e l s  t h a t  f u n n e l  s i l t  
and  o r g a n i c  n u t r i e n t s  d i r e c t l y  i n t o  t h e  l a k e  i n  a l a r m i n g  
amounts  a n d  w i t h  a l a r m i n g  s p e e d .  

The U. S. G e o l o g i c a l  S u r v e y  h a s  s t u d i e d  t h e  a n n u a l  s e d i m e n t  
y i e l d  f rom d e v e l o p e d  a n d  u n d e v e l o p e d  m a j o r  d r a i n a g e  b a s i n s  
i n  t h e  I n c l i n e  v i l l a g e  a r e a  s i n c e  1 9 7 0 .  The d e v e l o p e d  a r e a s  
( m a i n l y  r o a d w a y s  and  c l e a r e d  b u i l d i n g  s i t e s )  h a v e  d e l i v e r e d  
1 0  t o  1 2  times m o r e  s e d i m e n t  ( w i t h  accompanying 
c o n c e n t r a t i o n s  o f  n i t r o g e n  a n d  p h o s p h o r u s )  i n t o  Lake Tahoe  
t h a n  c o r r e s p o n d i n g  u n d e v e l o p e d  a r e a s .  

Each y e a r ,  b e t w e e n  4 2 , 0 0 0  and  6 4 , 0 0 0  t o n s  o f  s e d i m e n t  
c o n t a i n i n g  h i g h  c o n c e n t r a t i o n s  o f  o r g a n i c  n u t r i e n t s  f rom 
m a t u r e  s o i l s  and f o r e s t  mat  a r e  dumped i n t o  ~ a k e  Tahoe .  90% 
o f  t h i s  s e d i m e n t  comes  f rom t h e  30% o f  p r i v a t e l y - o w n e d  



p r o p e r t y  a round t h e  b a s i n .  Only 1 0 %  is c o n t r i b u t e d  by t h e  
70% o f  l a n d  owned by s t a t e  and f e d e r a l  governments ,  

The g r e a t l y  i n c r e a s e d  amount o f  o r g a n i c  n i t r o g e n  and 
phosphorus  now r e a c h i n g  t h e  l a k e  f rom sed imen t  and sewage 
e f f l u e n t  is t h e  food s o u r c e  f o r  a l g a e  t h a t  grows a l m o s t  
anywhere i n  t h e  s h a l l o w s  and i s  p i l e d  up i n  ma t s  by wave 
a c t i o n .   his a l g a e  problem was f i r s t  p u b l i c i s e d  i n  1967 by 
C h a r l e s  Goldman, p r o f e s s o r  o f  z o o l o g y  and d i r e c t o r  of  t h e  
I n s t i t u t e  of Ecology a t  t h e  U n i v e r s i t y  of C a l i f o r n i a  a t  
Davis .  H e  warned t h a t  t h e  a l g a e  would t u r n  t h e  c l e a r  b l u e  
w a t e r  t o  a  t u r b i d  g r e e n  i f  l e f t  unchecked .  I n  1969 ,  t h e  
f i r s t  r e c o r d e d  a l g a l  bloom o c c u r r e d  on t h e  s o u t h  s h o r e  o f  
Lake Tahoe. 

Leave o v e r l o o k  and p roceed  up t h e  Mount Rose Highway ( S t a t e  
Route 4 3 1 ) .  

2.5/80.5 incline Lake on t h e  l e f t  ( t h r o u g h  t h e  t r ees ) .   his l a k e  was 
c r e a t e d  by a  s m a l l  g l a c i e r  d e s c e n d i n g  o u t  of  Ginny Lake 
b a s i n  t o  t h e  n o r t h w e s t .  The g l a c i e r  t e r m i n a t e d  j u s t  
downstream from h e r e .  

0:8/81.3 E n t e r i n g  Tahoe Meadows t o  t h e  r i g h t .  S l i d e  Mountain 
( e l e v a t i o n  9 ,698  f e e t )  is v i s i b l e  ahead  and on t h e  r igh t . . ,  
Mantled n e a r  t h e  peak w i t h  t e l e p h o n e , .  TV, and r a d i o  
d n t e n n a e ,  i t  is  composed o f  g r a n i t e .  

1 .4 j82 .7  Mount Rose Summit ( e l e v a t i o n  8 ,990  f e e t ) .  Mount Rose 
( e l e v a t i o n  10 ,776  f e e t )  i s  t o  t h e  s o u t h  ( l e f t  and ahead  a s  
t h e  road  c u r v e s ) .  I t  is  m a n t l e d  w i t h  Miocene a n d e s i t e  o f  
t h e  Ka te  Peak Formation. .  

3.4/86.1 S c e n i c  v iew t u r n - o u t  on t h e  r i g h t  l o o k s  a c r o s s  P l e a s a n t  and 
Washoe V a l l e y s  t o  t h e  v i r g i n i a  Range. v i r g i n i a  C i t y  i s  
beh ind  Mount Davidson ( t h e  h i g h e s t  peak on t h e  h o r i z o n ) .  
J u s t  ahead  a r e  good v iews  of  Reno and Sparks  s p r a w l i n g  
a c r o s s  t h e  Truckee  Meadows. 

1.3/87.4 Sky Tavern  s k i  r e s o r t  on t h e  l e f t .  

2.6/90.0 On t h e  r i g h t ,  man-made t e r r a c e s  promote  t h e  growth  of  p i n e  
s e e d l i n g s  a f t e r  l o g g i n g  and f i r e .  

1.8/91.8 Galena  Creek  County Park on t h e  l e f t .  The h e a d w a t e r s  of  
t h i s  c r e e k  d r a i n  Mount Rose. F l a s h  f l o o d s  have  o c c u r r e d  
down t h i s  creek w i t h  a l m o s t  a n n u a l  r e g u l a r i t y  s i n c e  t h e  
1 8 8 0 t s ,  m a i n l y  from ~ o v e m b e r  t h r o u g h  Janua ry  and i n  t h e  
mid-summer months .  u n t i l  1 9 4 3 ,  Galena  Creek had a  f a i r l y  
s t a b l e  c h a n n e l ,  b u t  i t  h a s  s i n c e  been  c u t  deep  and wide due  
t o  t h e  e f f e c t s  of  f i r e ,  c l e a r - c u t t i n g ,  and n a t u r a l  e r o s i o n .  
The c h a n n e l  i s  now v e r y  u n s t a b l e .  People  have been  k i l l e d  
by t h e s e  f l o o d s ,  and t h e  p r o p e r t y  damage h a s  been g r e a t .  
S e v e r a l  p r o p e r t i e s  i n  t h e  new Galena  F o r e s t  E s t a t e s  ( t o  t h e  



r i g h t )  a r e  l o c a t e d  i n  t h e  h i s t o r i c  f l o o d  z o n e .  - L a w s u i t s  a r e  
p e n d i n g .  

1 . 3 / 9 3 . 1  The r o u t e  f i n a l l y  l e a v e s  t h e  g r a n o d i o r i t e  o f  t h e  C a r s o n  
Range and  t r a v e r s e s  a  s h o r t  s e c t i o n  o f  a n d e s i t e  and d a c i t e  
f l o w s  o f  t h e  Miocene K a t e  Peak F o r m a t i o n .  

0 .6 /93.7  ~ e g i n  a  s t e a d y  d e s c e n t  t h r o u g h  T a h o e  ( W i s c o n s i n a n )  o u t w a s h  
a n d ,  f a r t h e r  down, Donner Lake (Wisconsinan-Illinoian?) 
ou twash  o f  t h e  Mount Rose f a n  c o m p l e x ,  composed o f  p e d i m e n t  
and t h i n  f a n  d e p o s i t s  f rom m a j o r  s t r e a m s  d r a i n i n g  Mount 
Rose. C l a s t s  a r e  p r e d o r n i n e n t l y  v o l c a n i c  and g r a n i t i c .  

T h i s  o u t w a s h  f a n  complex  h a s  b e e n  h i g h l y  f a u l t e d  i n  C e n o z o i c  
t i m e ,  and  i s  p a r t  o f  t h e  S i e r r a  Nevada f r o n t a l  f a u l t  z o n e  
( a l o n g  t h e  e a s t  f l a n k  o f  t h e  C a r s o n  Range) t h a t  e x t e n d s  froin 
j u s t  s o u t h  o f  t h e  T r u c k e e  R i v e r  i n  Reno s o u t h  t o  Genoa.  The 
f a u l t s  i n  t h i s  z o n e  a r e  n o r t h - t r e n d i n g ,  d o m i n a n t l y  n o r m a l  
( b a s e d  on d i s p l a c e d  Q u a t e r n a r y  u n i t s ) ,  many a r e  down-dropped 
on t h e  w e s t  ( a n t e c e d e n t ) ,  and  a r e  p r e - H o l o c e n e  a n d  p o s s i b l y  
p r e - W i s c o n s i n a n  i n  a g e  ( B i n g l e r ,  1 9 7 4 ;  Bonham and  o t h e r s ,  
1 9 8 1 ) .  F a u l t  p l a n e  s o l u t i o n s  f o r  p r e s e n t  s e i s m i c i t y  i n  t h i s  
zone  s u g g e s t  a  componen t  o f  s t r i k e - s l i p  movement ( v a n  Wormer 
and R y a l l ,  1 9 8 0 ) .  

0.9/94.6 The h ighway c r o s s e s  a  ser ies  o f  n o r t h - s o u t h  t r e n d i n g  f a u l t s ,  
mos t  o f  which  a r e  downdropped t o  t h e  e a s t .  Note  t h e  T r u c k e e  
IL1=.-7dows and  H ~ ~ f f a k e r  w i l l s  a h e a d  a t  9:00.  

0.7/95.3 C a l l a h a n  Road o n  t h e  r i g h t .  C o n t i n u e  s t r a i g h t  a h e a d  OR t u r n  
r i g h t  f o r  a n  o p t i o n a l  Tour o f  Recent F a u l t i n g  I n  T h i s  A r e a .  

. . 

OPTIONAL TOUR: C o n t i n u e  s o u t h  o n  C a l l a h a n  Road f o r  t h e  n e x t  
mile,  and  n o t e  a  se r ies  oE n o r t h - t r e n d i n g ,  i n f e r r e d ,  
p o s t - W i s c o n s i n a n  f a u l t  t r a c e s  a p p r o x i m a t e l y  1 , 0 0 0  f e e t  t o  
t h e  r i g h t .  Some b r e a k  t h e  H o l o c e n e  a l l u v i u m .  O t h e r  f a u l t s  
t r a n s e c t  t h e  W i s c o n s i n a n  a g e  f a n  m a t e r i a l  c r e a t i n g  new 
d r a i n a g e  p a t t e r n s  and  a r e a s  o f  p o n d i n g ,  and  a r e  f i l l e d  w i t h  
c o l l u v i u m  ( r e w o r k e d  d e b r i s  d e r i v e d  f rom t h e  f a n  s u r f a c e ) .  
I n  a n o t h e r  0 . 6  m i l e  t h e  r o a d  p a s s e s  o v e r  a  d i v i d e .  Ahead is  
a  new s u b d i v i s i o n  b u i l t  i n  and a r o u n d  a  l a r g e  number o f  
i n f e r r e d  p o s t - W i s c o n s i n a n  f a u l t  t r a c e s  ( a f t e r  B i n g l e r ,  
1 9 7 5 ) .  Turn  y o u r  v e h i c l e  a r o u n d  and  r e t u r n  t o  S t a t e  R o u t e  
431. E N D  OF OPTIONAL TOUR. Turn  r i g h t  ( e a s t )  on S t a t e  
Route  431 .  

In  t h e  n e x t  mile t h e  r o a d  c r o s s e s  4 p o s t - W i s c o n s i n a n  f a u l t  
s c a r p s  i n  Tahoe ( 1 0 0 , 0 0 0  y e a r s  B.P.)  o u t w a s h  o f  t h e  Mount 
Rose f a n  c o m p l e x .  

0 .2 /95.5  Ahead, i n  t h e  l e f t  f o r e g r o u n d  i s  t h e  w e s t e r n  l i m i t  o f  t h e  
S t e a m b o a t  H i l l s ,  h e r e  composed o f  f a u l t e d  v o l c a n i c  r o c k s  
( a n d e s i t e  and  d a c i t e  f l o w s )  o f  t h e  Miocene  A l t a  and  K a t e  
peak F o r m a t i o n s .  The a b r u p t  w e s t e r n  m a r g i n  o f  t h e  h i l l s  



marks t h e  f a u l t  s c a r p  o f  a  Q u a t e r n a r y  h o r s t  b16ck. 

1.5/97.0 Lancers  H i l l  a t  9:00 is composed o f  Miocene Kate  Peak 
a n d e s i t e  and d a c i t e  f l ows  ( w i t h  minor  b r e c c i a  and 
c o n g l o m e r a t e ) .  ~t is bounded on t h e  e a s t  by a  
post-Wisconsinan f a u l t  which is  down-dropped t o  t h e  e a s t .  
~ o o k i n g  n o r t h  ( t o  t h e  l e f t )  o f  L a n c e r s  !-rill a r e  numerous low 
swa le s  and s m a l l  h i l l s  o f  f a u l t - c o n t r o l l e d  o r i g i n .  Most o f  
t h e  west and n o r t h w e s t  f a c i n g  embankments a r e  f a u l t  s c a r p s .  

0.7/97.7 Cross ing  a  n o r t h - s o u t h - t r e n d i n g  f a u l t  which is down-dropped 
on t h e  west. 

0.2/97.9 The s m a l l  a r e a  of  r ed  m a t e r i a l  on t h e  r i g h t  i s  mapped a s  a 
mud vo lcano  by Whi te  and o t h e r s  ( 1 9 6 4 ) .  The west s i d e  o f  
t h e  vo lcano  i s  bounded by a  f a u l t  c r o s s i n g  t h e  highway from 
n o r t h  t o  s o u t h  and downdropped on t h e  w e s t .  Immed ia t e ly  
c r o s s  o n t o  W i s c o n s i n a n - f l l i n o i a n  ( ? )  Donner Lake outwash  o f  
t h e  Mount Rose f a n  complex. 

0.5/98.4 Cross ing  a  f a u l  t - c o n t r o l l e d  c r e e k .  

0.8/99.2 J u n c t i o n  of S t a t e  Route  431 (Mount Rose ~ i g h w a y )  and U. S.  
395. S teamboat  g e o t h e r m a l  a r e a  on t h e  r i g h t .  

END OF ROUTE 2 .  



GEOLOGIC ROADLOG - ROUTE 3 

R E N O  - PYRAMID LAKE - R E N O  

m i l e a g e /  
c u m u l a t i v e  

You may b e g i n  t h i s  r o a d l o g  a t  t h e  O l d  Gymnasium e n t r a n c e  t o  
t h e  u n i v e r s i t y  o f  Nevada on N.  v i r g i n i a  S t r e e t  (U.S. 3 9 5 ) .  
(The g e o l o g y  o f  t h i s  immedia te  a r e a  is d e s c r i b e d  i n  t h e  
b e g i n n i n g  o f  t h i s  p u b l i c a t i o n . )  

0.0/0.0 Leave  t h e  campus a t  t h e  Old Gym, t u r n i n g  l e f t  ( s o u t h )  o n  
v i r g i n i a  S t r e e t .  C o n t i n u e  s o u t h  a few b l o c k s .  C r o s s  t h e  
o v e r p a s s  o v e r  I n t e r s t a t e  8 0  a n d  i m m e d i a t e l y  t u r n  l e f t  ( i n  
f r o n t  o f  t h e  Nevada N a t i o n a l  B a n k ) .  C o n t i n u e  s t r a i g h t  a h e a d  
( e a s t )  and o n t o  I n t e r s t a t e  8 0 .  

The b e g i n n i n g  o f  t h i s  r o u t e  e s s e n t i a l l y  s p a n s  t h e  e n t i r e  
n o r t h e r n  p a r t  o f  t h e  T r u c k e e  Meadows f r o m  west t o  e a s t ,  a n d  
r o u g h l y  p a r a l l e l s  t h e  c o u r s e  o f  t h e  T r u c k e e  ~ i v e r  ( o n  t h e  
r i g h t )  t o  p y r a m i d  Lake .  

The T r u c k e e  Meadows is  m a i n l y  a  downwarped b a s i n  b e t w e e n  
2 a s t - d i p p i n g  r o c k s  o f  t h e  C a r s o n  Range on t h e  w ~ s t ,  a n d  
w e s t - d i p p i n g . r o c k s  o f  t h e  v i r g i n i a  Range  on t h e  e a s t .  The  
S t e a m b o a t  H i l l s  f o r m  t h e  s o u t h e r n  b o u n d a r y ,  F a u l t s  a l o n g  
t h e  e a s t e r n  a n d  w e s t e r n  b o u n d a r i e s  o f  t i l e  b a s i n  a r e  l n o s t l y  
a n t i t h e t i c  (downward movement i s  on t h e  r a n g e  s i d e  o f  t h e  
f a u l t ) .  The m a j o r  s t r u c t u r a l  b r e a k  a c c o u n t i n g  f o r  t h e  
"downdropped" n a t u r e  o f  t h e  b a s i n  d o e s  n o t  o c c u r  a t  t h e  
r a n g e  f r o n t s ,  b u t  i s  a b o u t  a  m i l e  west o f  t h e  e a s t e r n  
b o u n d a r y  o f  t h e  b a s i n  where  a  w e s t - f a c i n g  f a u l t  s c a r p  l i e s  
b u r i e d  b e n e a t h  a b o u t  2 , 8 0 0  f e e t  o f  b a s i n  s e d i m e n t s .  

C o n t i n u o u s  b a s i n  d e f o r m a t i o n  b e g a n  i n  l a t e  M i o c e n e - e a r l y  
P l i o c e n e  t i m e  a n d  c o n t i n u e s  t h r o u g h  t h e  p r e s e n t .  ~ a u l t i n g  
and w a r p i n g  t h a t  r e s u l t e d  i n  t h e  p r e s e n t  t o p o g r a p h y  o c c u r r e d  
m a i n l y  d u r i n g  t h e  l a t e  P l i o c e n e  and  e a r l y  P l e i s t o c e n e  a s  
e v i d e n c e d  b y  (1) e a s t - t i 1  t e d  Mio-pl i o c e n e  s a n d s t o n e  o f  
H u n t e r  C r e e k  e x p o s e d .  a r o u n d  t h e  n o r t h  a n d  west m a r g i n s  o f  
t h e  b a s i n ,  ( 2 )  f a u l t  d i s p l a c e m e n t s  o f  ~ l i o c e n e  b a s a l t s  a n d  
p re -Lake  L a h o n t a n  a l l u v i u m  i n  t h e  S t e a m b o a t   ills a r e a ,  ( 3 )  
t h e  l a r g e  f a n - p e d i m e n t  s u r f a c e s  b e i n g  b u i l t  on t h e  w e s t  s i d e  
o f  t h e  b a s i n ,  ( 4 )  e a s t w a r d - t i l t e d  and  f a u l t e d  P l e i s t o c e n e  
g l a c i a l  o u t w a s h  d e p o s i t s  which  a r e  b e i n g  b u r i e d  by R e c e n t  
a l l u v i u m  i n  t h e  e a s t e r n  p o r t i o n  o f  t h e  T r u c k e e  Meadows, and  
( 5 )  a l a t e r a l  s h i f t i n g  o f  s t r e a m s  i n  t h e  T r u c k e e  Meadows t o  
t h e  e x t r e m e  e a s t e r n  b o r d e r  o f  t h e  v a l l e y .  

1 .5 /1 .5  P a s s i n g  U.S. 3 9 5  N o r t h  and S o u t h  b y p a s s  e x i t s .  
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0.9/2.4 Leav ing  Reno. E n t e r i n g  S p a r k s .  " .  

2.0/4.4 McCarran Blvd .  e x i t .  C o n t i n u e  s t r a i g h t  a h e a d .  From t h e  
o v e r p a s s ,  R a t t l e s n a k e  Mounta in  c a n  b e  s e e n  on t h e  r i g h t  
p r o t r u d i n g  a b o v e  t h e  s o u t h e r n  T r u c k e e  Meadows. 

0 .6 /5 .0  H e l m ' s  g r a v e l  p i t  on t h e  l e f t  i s  d u g  i n  P l e i s t o c e n e  T a h o e  
ou twash .  Most o f  Reno i s  b u i l t  on  P l e i s t o c e n e  Tahoe  
ou twash .  A s  you  n e a r  t h e  e a s t e r n  e d g e  o f  S p a r k s  t h e  r o u t e  
c r o s s e s  R e c e n t  a l l u v i u m  d e r i v e d  p r i m a r i l y  f rom t h e  T r u c k e e  
R i v e r .  

T h i s  low marshy  a r e a  n o r t h  and  s o u t h  o f  t h e  h ighway  i s  t h e  
T r u c k e e  Meadows f rom which t h e  e n t i r e  v a l l e y  t a k e s  i t s  name. 
The marshy c h a r a c t e r  o f  t h e  v a l l e y  h e r e  may b e  d u e  t o  r e c e n t  
u p l i E t  o f  t h e  v i r g i n i a  Range ( s t r a i g h t  a h e a d )  t e ~ n p o r a r  i l y  
pond ing  t h e  w a t e r s ,  a n d / o r  a n  e a s t w a r d  t i l t  o f  t h e  v a l l e y  
f a u l t  b l o c k .  I n  December 1 9 5 5 ,  t h i s  s e c t i o n  o f  t h e  h i g h w a y  
was c l o s e d  d u e  t o  f l o o d i n g .  F l o o d w a t e r s  came v e r y  n e a r  t o  
t h e  road  s u r f a c e  a g a i n  i n  F e b r u a r y  1986 .  

1 .0 /6 ,0  G r a v e l  p i t s  a h e a d  and t o  t h e  l e f t  o f  t h e  h ighway  a r e  i n  f a n  
d e p o s i t s  o f  a t  l e a s t  Tahoe a g e ,  b a s e d  on  t h e  s o i l  h o r i z o n s .  
These  d e p o s i t s  h a v e  s u p p l i e d  m o s t  o f  R e n o ' s  g r a v e l  n e e d s  f o r  
t h e  p a s t  few y e a r s ,  b u t  t h e  q u a l i t y  is  n o t  s u p e r i o r .  More 
p i t s  i n  Tahoe o u t w a s h  w i l l  b e  s e e n  a h e a d .  

1.5,/?.5 v i s t a  e x i t .  Leav.i.ng S p a r k s  and  e n t e r i n *  t h e  r r u c k e e  R i v e r  
c a n y o n  which c u t s  t h r o u g h  t h e  v i r g i n i a  Range on  t h e  r i g h t  
and  t h e  Pah Rah Range on t h e  l e f t .  

L e a v i n g  Washoe C o u n t y .  E n t e r i n g  S t o r e y  C o u n t y .  

0.4/7.9 Lower M e s o z o i c ( ? )  p e a v i n e  S e q u e n c e  m e t a v o l c a n i c s  and 
m e t a s e d i m e n t s  ( s h a l e s )  a r e  i n  t h e  r o a d c u t  on t h e  l e f t ,  a n d  
on b o t h  s i d e s  o f  t h e  r o a d  f o r  t h e  n e x t  2-3  m i l e s .  

(The  g u a r d  r a i l  makes  v i e w i n g  o f  some o f  t h e  f e a t u r e s  t o  t h e  
r i g h t  i m p o s s i b l e ,  b u t  t h e y  w i l l  b e  m e n t i o n e d  'anyway.)  A t  
3:00 " r e e f s "  o f  Lower Mesozo ic  m e t a - a n d e s i t s  b r e c c i a s  
p r o j e c t  s l i g h t l y  a b o v e  t h e  v a l l e y  f i l l .  G r a v i t y  a n o m a l i e s  
i n d i c a t e  a  s u b - s u r f a c e  f a u l t  n e a r  h e r e  w i t h  a p p r o x i m a t e l y  
1 , 0 0 0  f e e t  o f  d i s p l a c e m e n t .  

The Army C o r p s  o f  E n g i n e e r s  s t a r t e d  d e e p e n i n g  t h e  r i v e r  
c h a n n e l  and  r e m o v i n g  t h e  " r e e f s "  i n  t h i s  a r e a  and  f a r t h e r  
downst ream t o  l e s s e n  t h e  e f f e c t s  o f  f l o o d i n g  i n  t h e  e a s t e r n  
p o r t i o n  o f  t h e  T r u c k e e  Meadows w h e r e  t h e  r i v e r  e n t e r s  t h i s  
canyon .  

The T r u c k e e  R i v e r  f o l l o w s  t h e  O l i n g h o u s e  f a u l t  z o n e  ( a  
l e f  t - l a t e r a l ,  c o n j u g a t e  s h e a r  z o n e )  from S p a r k s  t o  
Wadsworth,  where  i t  meets t h e  W a l k e r  Lane f a u l t  z o n e .  The 
r i v e r  i s  p r o b a b l y  a n  a n t e c e d e n t  s t r e a m .  I t  e x i s t e d  b e f o r e  



w a r 2 i n g  and f a u l t i n g  u p l i f t e d  t h e  v i r g i n i a  Range. i n  M i o c e n e  
t h r o u g h  Q u a t e r n a r y  time, b u t  was a b l e  t o  downcut  i t s  v a l l e y  
a t  a b o u t  t h e  same r a t e  t h a t  t h e  r a n g e  was b e i n g  u p l i f t e d ,  
t h , e r e E o r e  m a i n t a i n i n g  i t s  c o u r s e  t o  t h e  e a s t .  

A low p a s s  ( e l e v a t i o n  4 , 4 3 6  f e e t )  n o r t h  o f  S p a r k s  t h r o u g h  
S p a n i s h  s p r i n g s  v a l l e y  a c t u a l l y  p r o v i d e s  t h e  s h o r t e s t  r o u t e  
f o r  w a t e r  from t h e  T r u c k e e  Meadows t o  f l o w  i n t o  P y r a m i d  
Lake.  ~ a c u s t r i n e  s e d i m e n t s  i n  t h a t  a r e a  i n d i c a t e  
i n t e r m i t t a n t  damming o f  w a t e r s  h e r e  d u e  t o  t e c t o n i c  movement  
a l o n g  t h e  west s i d e  o f  t h e  v i r g i n i a  Range.  But  t h e  T r u c k e e  
R i v e r  was a l w a y s  a b l e  t o  d r a i n  t h e  w a t e r  e a s t w a r d  t h r o u g h  
t h e  c a n y o n  ( e l e v a t i o n  a t  t h e  mouth  o f  t h e  canyon i s  a b o u t  
4 ,390 f e e t )  b e f o r e  a  s p i l l o v e r  i n t o  S p a n i s h  S p r i n g s  V a l l e y  

- o c c u r r e d .  

The Pah Rah Range w i l l  b e  o n  t h e  l e f t  f o r  a l m o s t  t h e  e n t i r e  
r o u t e .  ~t is a n  L-shaped  r a n g e  bounded on  t h e  s o u t h  b y  t h e  
O l i n g h o u s e  f a u l t  z o n e ,  and on  t h e  e a s t  b y  t h e  W a l k e r  L a n e  
f a u l t  z o n e .  Major  f a u l t s  i n  t h i s  s o u t h e r n  p o r t i o n  o f  t h e  
r a n g e  t r e n d  e a s t - n o r t h e a s t .  The r a n g e  is  composed o f  
O l i g o c e n e  t h r o u g h  ~ l i o c e n e  a n d e s i t i c  b a s a l t s ,  t u f f s ,  
b r e c c i a s ,  c o n g l o m e r a t e s ,  m u d f l o w s ,  and  a  few r h y o l i t i c  
p l u g s ,  domes a n d  f l o w s  o v e r l y i n g  Lower ~ l e s o z o i c  m e t a m o r p h i c  
r o c k s .  

O n  t h e  r i g h t  ( s o u t h )  is t h e  v i r g i n i a  Range.  Along t h i s  
r o u t e ,  the r o e k s  a re  m a i n l y  p y r o x ~ n e - h o r n b l e n d e  a n d e s i t e  
f l o w s  o f  t h e  e a r l y  Miocene A l t a  F o r m a t i o n  which a r e  o v e r l a i n  
( f a r t h e r  a l o n g  o n  t h i s  r o u t e )  b y  ~ i o c e n e  K a t e  Peak  orm mat ion 
r o c k s  ( r h y o l i t i c  t o  a n d e s i t i c  f l o w s ,  t u f f s ,  mudf low 
b r e c c i a s ,  and a s s o c i a t e d  i n t r u s i v e s )  i n t e r b e d d e d  w i t h  l e n s ' e s  
o f  s e d i m e n t a r y  d i a t o m i t e ,  t u f f ,  s h a l e ,  and  s a n d s t o n e .  ~ n  a 
v e r y  g e n e r a l  way, t h e  v i r y i n i a  Range i s  a  s y n c l i n e .  A t  t h e  
e a s t  a n d  w e s t  e n d s  o f  t h e  T r u c k e e  Canyon Lower M e s o z o i c ( ? )  
P e a v i n e  S e q u e n c e  m e t a m o r p h i c  r o c k s  a r e  e x p o s e d .  
P r o g r e s s i v e l y  y o u n g e r  T e r t i a r y  v o l c a n i c  r o c k s  a r e  f o u n d  
t o w a r d  t h e  c e n t r a l  p o r t i o n  o f  t h e  r a n g e  n e a r  t h e  h i g h w a y .  
  hey r a n g e  i n  a g e  from O l i g o c e n e  t o  P l e i s t o c e n e .  i or a  
more  d e t a i l e d  g e o l o g i c  d e s c r i p t i o n  o f  t h e  V i r g i n i a  R a n g e ,  
see R o u t e  1, m i l e a g e  1 . 6 ) .  

1.0/8.9 ~ i v e r  g a u g i n g  s t a t i o n  on t h e  r i g h t .  Lower ~ e ~ ~ ~ ~ ~ ~ ( ? )  
m e t a - v o l c a n i c s  a r e  e x p o s e d  a l o n g  t h e  r i v e r  f o r  t h e  n e x t  3 
miles.  

0.7/9.6 More " r e e f s "  were removed f r o m  t h e  T r u c k e e  c h a n n e l  i n  t h e  
n e x t  1 t o  1 . 5  miles .  R a p i d s  [nark t h e  end  o f  t h e  c h a n n e l  
d e e p e n i n g .  

0.9/10.5 Lockwood e x i t .  L a g o m a r s i n o  Canyon a t  2:OO. The t y p e  
l o c a l i t y  o f  t h e  Lousetown F o r m a t i o n  (Miocene  b a s a l t i c  f l o w s )  
i s  a b o u t  8 miles up L a g o m a r s i n o  Canyon.  



A t  1 :00 ,  on t h e  e a s t  s i d e  o f  Lagornars ino  Canyon i s  a n  
abandoned t u f f s t o n e  q u a r r y .  t he r o c k  e x p o s e d  t h e r e  i s  p a r t  
o f  a  M i o - P l i o c e n e  s i l i c i c  a i r - f a l l  t u f f  f rom a  r h y o l i t e  dome 
coinplex on  t h e  n o r t h  s i d e  o f  t h e  r i v e r .  I t  v a r i e s  f r o m  
r h y o l i t i c  p u m i c e o u s  v i t r i c  t u f f  t o  l i t h i c  t u f f  b r e c c i a  w i t h  
some i n t e r c a l a t e d  s a n d s t o n e  and d i a  t o r n i t e .  B l o c k s  o f  t u f f  
were  used i n  c o n s t r u c t i n g  some o f  Reno and  S p a r k s '  o l d e r  
b u i l d i n g s ,  b u t  c o u l d  n o t  compe te  w i t h  t h e  p r i c e  o f  c e m e n t  o r  
pumice c i n d e r  b l o c k s .  

On t h e  w e s t  s i d e  o f  L a g o m a r s i n o  Canyon j u s t  a b o v e  t h e  
H a r v e y ' s  Wagon Wheel s i g n  is a  t h i n ,  b l a c k  l a y e r  o f  
P l e i s t o c e n e  o l i v i n e  b a s a l t ,  t h e  y o u n g e s t  v o l c a n i c  r o c k  
r e c o g n i z e d  i n  t h i s  a r e a .  T h i s  f l o w  s t a r t e d  a t  a  c i n d e r  c o n e  
9 miles t o  t h e  s o u t h e a s t  and  f l o w e d  down t h e  a n c e s t r a l  
Lagomars ino Canyon t o  t h e  T r u c k e e  R i v e r ,  t h e n  e a s t w a r d  down 
t h e  canyon f o r  a b o u t  3 miles. The f l o w  is less t h a n  1 
m i l l i o n  y e a r s  o l d ,  b u t  h a s  b e e n  w e l l - d i s s e c t e d  by e r o s i o n  
and f a u l t i n g .  S i n c e  t h e  e r u p t i o n ,  L a g o m a r s i n o  Canyon h a s  
b e e n  d e e p e n e d  m o r e  t h a n  150  f e e t .  The T r u c k e e  h a s  b e e n  
deepened o n l y  a b o u t  7 0  f e e t  a t  t h e  mouth  o f  L a g o m a r s i n o  
Canyon s i n c e  t h e  l a v a  f l o w e d .  

A t  1:00 t o  2:00 i s  t h e  ~ l i o c e n e  X u s t a n g  F o r m a t i o n  ( a n d e s i t e  
f l o w s ) .  The l o w e s t  e x p o s u r e s  o f  t h e  f l o w s  a r e  a b o u t  1 5 0  
f e e t  a b o v e  t h e  r i v e r  i n d i c a t i n g  t h a t  t h e  r i v e r  h a s  e r o d e d  a t  
l e a s t  100 f e e t  s i n c e  t h e  Mustang e r u p t i o n .  

Two r i v e r  t e r r a c e  l e v e l s  a r e  p r e s e n t  i n  t h e  c a n y o n  h e r e .  
The h i g h e r  o n e  c o n s i s t s  o f  b o u l d e r  g r a v e l  o f  P l e i s t o c e n e  
Donner Lake o u t w a s h  r e s t i n g  on  a  c h a n n e l l e d  s c a b l a n d - l i k e  
s u r f a c e  c u t  on P l e i s t o c e n e  o l i v i n e  b a s a l t .  O n  t h e  l o w e r  ' 

t e r r a c e ,  Lake  L a h o n t a n  s a n d s  a r e  i n t e r b e d d e d  w i t h  a n d  
o v e r l a i n  b y  b o u l d e r  g r a v e l  o f  P l e i s t o c e n e  Tahoe o u t w a s h .  
The s c a b l a n d - l i k e  e r o s i o n  o f  t h e  ~ l e i s t o c e n e  b a s a l t ,  t h e  
p r e s e n c e  o f  l a r g e  g r a n i t i c  b o u l d e r s  ( f r o m  l i t h o l o y i e s  west 
o f  Reno) t h a t  were c a r r i e d  a c r o s s  t h e  T r u c k e e  Neadows,  a s  
w e l l  a s  t h e  o c c u r r e n c e  o f  h u g e  b o u l d e r s  o f  a e t a v o l c a n i c  
r o c k s  ( d e r i v e d  f ro in  s h o r t  d i s t a n c e s  u p s t r e a m )  i n t e r b e d d e d  i n  
t h e  Tahoe o u t w a s h  a l l  p o i n t  t o w a r d  c a t a s t r o p h i c  f l o o d s  t h a t  
i s s u e d  p e r i o d i c a l l y  down t h e  T r u c k e e  R i v e r  f rom Lake Tahoe 
d u r i n g  t h e  P l e i s t o c e n e .  

The majo r  r o c k  t y p e s  e x p o s e d  f o r  t h e  n e x t  8 miles a r e  
Miocene d a c i t e  f l o w s ,  b r e c c i a s ,  t u f f s ,  and t u f f a c e o u s  
s e d i m e n t a r y  r o c k s  o f  t h e  K a t e  Peak F o r m a t i o n ,  o v e r l a i n  by  
l e n s e s  o f  s e d i m e n t a r y  r o c k s  ( t u f f s  a n d  d i a t o m i t e s  o f  t h e  
Truckee  F o r m a t i o n ? ) ,  wh ich  a r e ,  i n  t u r n ,  o v e r l a i n  by  
b a s a l t i c  f l o w s  a n d  b r e c c i a s  o f  t h e  Miocene Lousetown 
Format ion .  

0.3/10.8 T h e  l a r g e  dome a t  9 : 0 0  on t h e  s k y l i n e  is composed o f  Miocene  
. Washington H i l l  r h y o l i t e .  The t y p e  s e c t i o n  Eor t h i s  

f o r m a t i o n  is a b o u t  3 .5  miles s o u t h  ( t o  t h e  r i g h t )  o f  h e r e  a t  



Washing ton  H i l l .  

1 .1 /11.9  Mustang e x i t .  The  P l i o c e n e  Mustang a n d e s i t e  is  e x p o s e d  t o  
t h e  r i g h t  o f  t h e  z i v e r  where  i t  l i es  u n c o n f o r r n a b l y  o v e r  
Miocene K a t e  Peak and Lousetown Elows a n d  a s s o c i a t e d  
s e d i m e n t a r y  r o c k s .  

0.7/12.6 S a n i t a r y  l a n d  f i l l  f o r  Reno and S p a r k s  on  t h e  l e f t .  

0.8/13.4 A t  t h i s  p o i n t  t h e  c a n y o n  opens -up  e x h i b i t i n g  v a s t  e x p a n s e s  
o f  T e r t i a r y  v o l c a n i c  r o c k s .  

1.3/14.7 W h i t e  t u f f s  a r e  e x p o s e d  on b o t h  s i d e s  o f  t h e  r o a d .  N o t e  t h e  
l a n d s l i d e  t o p o g r a p h y  j u s t  a b o v e  t h e  r i v e r  a t  3:OO. 

0.7/15.4 ~ i a t o m a c e o u ~  t u f f  i n  t h e  r o a d c u t  o n  t h e  l e f t  is c o n t o r t e d  
d u e  t o  f a u l t i n g .  Down-dropped b l o c k  is o n  t h e  w e s t .  

0.4/15.8 S c e n i c  v i e w  s t o p  on  r i g h t .  CAREFULLY p u l l - o f f  t h e  h i g h w a y  
and  p a r k .  The s m a l l  w h i t e  h o u s e s  a t  t h e  b o t t o m  o f  t h e  h i l l  
s i t  n e a r  a  h i g h  w a t e r  mark o f  a n c i e n t  Lake  L a h o n t a n  a t  a n  
e l e v a t i o n  o f  4 , 3 1 3  f e e t .  T r u c k e e  R i v e r  d e l t a  a n d  L a h o n t a n  
l a k e  d e p o s i t s  h a v e  b e e n  found  a s  h i g h  a s  4 , 3 8 0  f e e t  i n  t h i s  
p a r t  o f  t h e  c a n y o n .  T h i s  is t h e  w e s t e r n  l i m i t  o f  t h e  l a k e  
i n  t h e  T r u c k e e  Canyon.  

0.6/16.4 P a t r i c k  e x i t .  L a h o n t a n  b e a c h  s a n d s  a r e  b e i n g  r e w o r k e d  t o  
p r o v i d e  a g g r q a t ~  n a t e r i a l  f o r  Reno.  

0.5/16.9 Lake  aho on tan s e d i m e n t s  i n  r o a d c u t s  on  t h e  l e f t .  They a re  
h o r i z o n t a l  and v a r v e d  and  w i l l  be e x p o s e d  i n  t h e  c a n y o n  E r o a  
h e r e  o n .  

The d a r k  v o l c a n i c  r o c k s  on t h e  l e f t  a r e  Miocene  b a s a l t s .  

2.0/18.9 On t h e  r i g h t  i s  S i e r r a  p a c i f i c  Power Company 's  T r a c y  power 
s t a t i o n .  I t  i s  a  s t e a m  g e n e r a t i n g  p l a n t  w i t h  a  g e n e r a t i n g  
c a p a c i t y  o f  a p p r o x i m a t e l y  300 ,000  k i l o w a t s .  I t  i s  d e s i g n e d  
t o  r u n  on e i t h e r  n a t u r a l  g a s  o r  f u e l  o i l .  

1 .0/19.9 T r a c y / C l a r k  S t a t i o n  E x i t .  

J u s t  a f t e r  t h e  C l a r k  E x i t ,  t h e r e  a r e  t h i c k  e x p o s u r e s  o f  
l a m i n a t e d  L a h o n t a n  s e d i m e n t s  t h a t  were d e p o s i t e d  i n  t h e  
d e l t a  o f  t h e  T r u c k e e  R i v e r  where  i t  f e d  i n t o  L a k e  L a h o n t a n  
d u r i n g  maximum l a k e  l e v e l .  G i a n e l l a  ( 1 9 3 3 )  n o t e s  t h a t  t h e  
L a h o n t a n  Lake s e d i m e n t s  w e r e  l a i d  down a s  i s o l a t e d  p a t c h e s  
i n  q u i e t  w a t e r  a l o n g  t h e  w a l l s  o f  t h e  T r u c k e e  ~ i v e r  Canyon,  
i n s t e a d  o f  c o m p l e t e l y  f i l l i n g  t h e  c a n y o n ,  a s  m i g h t  b e  
e x p e c t e d .  

Lake L a h o n t a n ,  named d u r i n g  C l a r e n c e  K i n g ' s  1 8 7 0 ' s  
e x p l o r a t i o n  o f  t h e  F o r t i e t h  P a r a l l e l ,  was a  l a r g e  l a k e  t h a t  
e x i s t e d  m a i n l y  i n  w e s t e r n  Nevada d u r i n g  t h e  l a t e  



P l e i s t o c e n e  ( b e g i n n i n g  a b o u t  7 0 , 0 0 0  y e a r s  a g o )  . . L o c a l l y ,  
g l a c i e r s  i n  t h e  S i e r r a  i n c r e a s e d  a n d  d e c r e a s e d  i n  e x t e n t  
w i t h  c h a n g e s  i n  t h e  c l i m a t e .  When t h e y  were m e l t i n g ,  many 
o f  t h e  v a l l e y s  i n  w e s t e r n  Nevada w e r e  f i l l e d  w i t h  t h e  
m e l t w a t e r  f o r m i n g  a  l a r g e  i n t e r c o n n e c t i n g  l a k e  c a l l e d  L a k e  
Lahon tan .  The c l i i n a t e  was wetter a n d  c o o l e r  t h e n  w h i c h  a l s o  
c o n t r i b u t e d  t o  t h e  i n c r e a s e d  amount  o f  s u r f a c e  w a t e r ,  

A t  i t s  maximum, Lake L a h o n t a n  c o v e r e d  a n  a r e a  o f  o v e r  8 , 4 0 0  
s q u a r e  miles ,  a n d  r e a c h e d  a  maximum d e p t h  o f  500 f e e t  i n  t h e  
pyramid Lake b a s i n .  The h i g h e s t  l a k e  l e v e l  r e a c h e d  a n  
e l e v a t i o n  o f  a b o u t  4 , 3 0 0  f e e t .  The  p r e s e n t - d a y  r e m n a n t s  a n d  
f o r m e r l y  d e e p e s t  a r e a s  o f  a n c i e n t  ~ a k e    ah on tan a r e  p y r a m i d ,  
Walker ,  and C a r s o n  L a k e s .  They a r e  f e d  by r i v e r s  r u n n i n g  
e a s t  f rom t h e  s i e r r a .  O t h e r  n e a r b y  b a s i n s  t h a t  o n c e  h e l d  
Lahon tan  w a t e r s ,  now o n l y  h a v e  w a t e r  i n  them a f t e r  h e a v y  
r a i n s  and d u r i n g  y e a r s  o f  h i g h  p r e c i p i t a t i o n .  S t i l l  u n d e r  
i n v e s t i g a t i o n  i s  t h e  f o r m e r  e x t e n t  o f  Lake L a h o n t a n ,  a l o n g  
w i t h  t h e  u n s y n c h r o n i z e d  l a k e  l e v e l  maxima r e a c h e d  i n  t h e  
i n t e r c o n n e c t i n g  v a l l e y s  i t  f i l l e d ,  a n d  t h e  c o r r e l a t i o n  o f  
t h e  h i g h  l a k e  s t a n d s  w i t h  t h e  c l i m a t i c  and  g l a c i a l  ice  
f l u c t u a t i o n s .  Some o f  t h e  e v i d e n c e  b e i n g  u s e d  t o  u n c o v e r  
t h e  complex h i s t o r y  o f  t h e  l a k e  a r e  o l d  s h o r e l i n e s ,  l a k e  
s e d i m e n t  d e p o s i t s ,  t r e e - r i n g  a n d  r a d i o c a r b o n  d a t i n g ,  a n d  
r e c e n t  t e c t o n i c  c h a n g e s .  

Today,  a n c i e n t  s h o r e l i n e s  r im t h e  m o u n t a i n s  s u r r o u n d i n g  t h e  
l a k e ' s  f o r m ~ r  b a s i n s .  Y O U  w i l l  see them p r o m i n e n t l y  
d i s p l a y e d  froin Wadsworth  n o r t h  t o  Pyramid  Lake .  The , l o n g e r  
t h e  l a k e  r e m a i n e d  a t  a  p a r t i c u l a r  l e v e l  t h e  more p r o m i n e n t  
t h e  s h o r e l i n e  o r  wave c u t  t e r r a n c e  became.  Some l o c a l  
t e r r a c e s  a r e  a s  much a s  300 f e e t  w i d e .  Only  o n e  t e r r a c e  i's 
a c t u a l l y  c u t  i n t o  r o c k .  The l a k e  l e v e l  u s u a l l y  f l u c t u a t e d  
t o o  r a p i d l y  t o  a c c o m p l i s h  more  t h a n  j u s t  n o t c h i n g  t h e  
p r e - e x i s t i n g  a l l u v i u m ,  ( F o r  more  d e t a i l e d  i n v e s t i g a t i o n s  o f  
Lake Lahon tan  i n  t h i s  a r e a ,  r e f e r  t o  R u s s e l l ,  1 8 8 5 ;  a n d  
M o r r i s o n ,  1 9 6 4 ,  1 9 6 5 ,  1 9 8 4 . )  

0 .5 /20.4  O u t c r o p s  on t h e  l e f t  and r i g h t  a r e  L a h o n t a n  l a k e  s e d i m e n t s .  

0.6/21.0 The E a g l e - P i c h e r  d i a t o m i t e  p l a n t  on  t h e  r i g h t  p r o d u c e s  
a b s o r b e n t s ,  a b r a s i v e s ,  f i l t e r  m a t e r i a l s ,  i n s u l a t i o n ,  a n d  
f i l l e r  u s e d  i n  many consurner p r o d u c t s  frorn i t s  C e l a t o m  
q u a r r y  i n  t h e  b a s a l  s e c t i o n  o f  t h e  Miocene Desert Peak 
F o r m a t i o n  a b o u t  7 m i l e s  t o  t h e  e a s t .  

~ i a t o m i t e  is t h e  w h i t e ,  s i l i c e o u s  s k e l e t a l  r e m a i n s  o f  
d i a t o m s ,  which  a r e  m i c r o s c o p i c ,  s i n g l e - c e l l e d  p l a n t s  t h a t  
g rew i n  f r e s h  w a t e r  i n  t h i s  a r e a  d u r i n g  t h e  ~ l i o c e n e .  They 
s e c r e t e d  s i l i c e o u s  f r u s t u l e s  ( s h e l l s )  i n  a  g r e a t  v a r i e t y  o f  
f o r m s  t h a t  accumulated i n  enormous  numbers  t o  form t h e  
d e p o s i t s  oE d i a t o m a c e o u s  e a r t h  you see t o d a y .  

0 .8 /21.8  A t  9:00 i s  a n  a p p a r e n t  l e f t - l a t e r a l  o f f - s e t  o f  t h e  w h i t e  



t u f f  o f  t h e  Miocene  C h l o r o p a y u s  F o r m a t i o n .  

1 .7 /23 .5  On t h e  L e f t ,  a n  a r t i f i c i a l  oxbow l a k e  was c r e a t e d  when t h e  
T r u c k e e  R i v e r  was  d i v e r t e d  t o  t h e  s o u t h  d u r i n g  c o n s t r u c t i o n  
o f  t h e  f r e e w a y .  

On t h e  l e f t  n e a r  r o a d  l e v e l  is t h e  M i o c e n e  ~ y r a a i d  S e q u e n c e  
( o r y  C h l o r o p a g u s  a n d  Old G r e g o r y  F o r m a t i o n )  c o n s i s t i n g  o f  a 
t h i c k  b a s a l t  s e q u e n c e  ( a n d e s i t e ,  a n d  d a c i t e  f l o w s )  w i t h  some 
i n t e r b e d d e d  r h y o l i  t i c  t u f f s  and  c l a s t i c  d e p o s i t s  and  
o c c a s i o n a l  l e n s e s  o f  t u f f a c e o u s  a n d  d i a t o m a c e o u s  s e d i m e n t s .  
O v e r l y i n g  t h i s  s e q u e n c e  a r e  ~ i o c e n e  K a t e  Peak a n d e s i t e  a n d  
r h y o l a c i t e  f l o w s  and v o l c a n o - c l a s t i c  d e p o s i t s .  L o c a l l y ,  
Miocene b a s a l t  a n d  a n d e s i t e  f l o w s  c a p  t h e  l o w e r  h i l l s .  

On t h e  r i g h t  a r e  more  R a t e  Peak r o c k s .  

0.6/24.1 Derby Dam a t  3:OO. n his m a l l  c o n c r e t e  a n d  e a r t h e n  dam 
d i v e r t s  u a t e r  f r o m  t h e  T r u c k e e  R i v e r  s o u t h e a s t w a r d  t o  t h e  
Lahon tan  R e s e r v o i r  on t h e  C a r s o n  R i v e r .  C o n s t r u c t i o n  b e g a n  
on Derby and  L a h o n t a n  Dams and t h e  c o n n e c t i n g  d i v e r s i o n  
c h a n n e l s  i n  1 9 0 3  a s  p a r t  oE t h e  Newlands  R e c l a m a t i o n  
P r o j e c t ,  t h e  f i r s t  U. S. G o v e r n x e n t  p r o j e c t  a u t h o r i z e d  u n d e r  
t h e  R e c l a m a t i o n  A c t  o f  1902.  The f i r s t  w a t e r  was d i v e r t e d  
t h r o u g h  t h e  c a n a l  i n  1906.  I n  n o r m a l  y e a r s ,  t h i s  p r o j e c t  
c a n  p r o v i d e  y e a r - r o u n d  i r r i g a t i o n  t o  o v e r  90 ,000 a c r e s ,  
m a i n l y  i n  t h e  F a l l o n  a r e a  a b o u t  30 m i l e s  t o  t h e  e a s t .  

Exposed h i g h . o n  t h e  canyon  w a l l  a b o v e  t h e  dam i s  t h e  b a s e  o f  
t h e  Miocene Desert Peak F o r m a t i o n .  S e v e r a l  l e f t - l a t e r a l ( ? )  
f a u l t s  o f f s e t  t h e  b a s e  o f  t h e  f o r m a t i o n  n e a r  t h e  dam. 

0.8/24.9 Th i sbe -Derby  Dam e x i t .  On t h e  l e f t ,  t h e  Miocene P y r a m i d  
Sequence  c r o p s  o u t  w i t h  Miocene L o u s e t o w n  b a s a l t s  c a p p i n g  
t h e  low h i l l s .  K a t e  Peak r o c k s  a r e  o n  t h e  r i g h t .  

1 . 2 / 2 6 . 1  High on t h e  h i l l s  a t  2:00 a r e  t h e  w a s t e  dumps o f  ~ a g l e -  
P i c h e r ' s  C e l a t o m  Mine which s u p p l i e s  d i a t o m i t e  t o  t h e i r  
p r o c e s s i n g  p l a n t  b a c k  a t  C l a r k  S t a t i o n .  The w h i t e  b a n d  i n  
t h e  canyon  w a l l  is  v o l c a n i c  t u f f ,  n o t  d i a t o m i t e .  

1 .0 /27 .1  . A t  9 :00 ,  w e s t - d i p p i n g  Pliocene A l t a  a n d e s i  te i s  c o n s i d e r a b l y  
a l t e r e d  ( p r o p y l i  t i z e d )  where  i t  is  i n  c o n t a c t  w i t h  
i n t e r b e d d e d  t u f f s .  

a i n t e d  Rock e x i t .  The g r a y  and t a n  r o c k s  on t h e  l e f t  a r e  
a r l y  t o  m i d d l e  Miocene a n d e s i t e  f l o w s  a n d  v o l c a n i c l a s t i c s  
f  t h e  A l t a  F o r m a t i o n .  F a r t h e r  a l o n g ,  t h e  p i n k  r o c k s  a r e  
y d r o t h e r m a l l y  a l t e r e d  l a t e  ~ l i g o c e n e - e a r l y  Miocene a s h  f l o w  
uf f s  which  unconEormably  o v e r l i e  M e s o z o i c  m e t a s e d i m e n t a r y  
o c k s .  ~ o t  s o l u t i o n s  o r i g i n a t i n g  a t  d e p t h  a l t e r e d  t h e  t u E f s  
o  b r i g h t  p i n k  a n d  w h i t e  c l a y  m i n e r a l s .  The h i l l s  beyond  
h e s e  r o a d c u t s  on  t h e  l e E t  a r e  composed o f  more A l t a  
o r m a t i o n  w h i c h  i s  o v e r l a i n  by M i o c e n e  b a s a l t s  o f  t h e  



. 
Pyramid S e q u e n c e .  Some o f  t h e  h i l l s  a r e  c a p p e d  w i t h  M i o c e n e  
b a s a l t  f l o w s .  N o t e  t h e  Laininated Lake  Lahontan  s e d i m e n t s  i n  
t h e  g u L l i e s .  

0.1/28.5 On the l e f t ,  q u a r t z  m o n z o n i t e  h a s  i n t r u d e d  Mesozo ic  
m e t a s e d i m e n t s .   ino or amounts  o f  s h e e l i t e  h a v e  b e e n  mined  
from t h e  c o n t a c t  z o n e .  

0.7/29.2 R e s t  a r e a .  On t h e  l e f t  a r e  Lake L a h o n t a n  s e d i m e n t s ,  a n d  o n  
t h e  r i g h t  a r e  Miocene  pyramid S e q u e n c e  v o l c a n i c  r o c k s .  

0 ,9 /30.1  More Lake L a h o n t a n  s e d i m e n t s  and t e r r a c e s  o n  t h e  l e f t .  

1.2/31.3 C o n i c a l  knob o f  ~ l e i s t o c e n e  a g e  b a s a l t  on t h e  l e f t .  

0.3/31.6 On t h e  h i l l s i d e  t o  t h e  l e f t  a r e  t h e  c o n c r e t e  r e m a i n s  o f  a 
50-stamp m i l l  f o r  t h e  O l i n g h o u s e  ( W h i t e  Worse) g o l d  m i n i n g  
d i s t r i c t  l o c a t e d  6  miles t o  t h e  n o r t h w e s t .  The a r e a  was  
f i r s t  p r o s p e c t e d  i n  1860 .  I n  1 9 0 6 ,  t h e  Nevada C o n s o l i d a t e d  
Hining Company b u i l t  a  r a i l r o a d  l i n k i n g  t h e  m i n e s  t o  t h i s  
m i l l .  The m i l l  o n l y  o p e r a t e d  f o r  3  m o n t h s  i n  1906  a n d  1 9 0 7  
d u e  t o  i n s u f E i c i e n t  o r e  r e s e r v e s .  

TiJRN R I G H T  o n t o  PYRAMID LAKE-WADSWORTH EXIT. A t  t h e  s t o p  
s i g n  T U R N  LEFT o n t o  U . S .  40 .  E n t e r i n g  t h e  Pyramid Lake 
I n d i a n  R e s e r v a t i o n ,  
The Truckee  Range is i n  t h e  d i s t a n c e  a t  2 :00,  

0.5/32.1   he Pah Rah Range is s t i l l  on t h e  i e f t .  The i m p o s i n g  
mounta in  a t  9:00 i s  composed, m o s t l y  o f  Miocene Pyrarnid 
Sequence b a s a l t  a n d  a n d e s i t e  f l o w s ,  a n d  mud f l o w  b r e c c i a s  
and a g g l o m e r a t e s .  The bottotn o f  t h e  h i l l  is composed o f  
d a r k e r  Miocene A1 t a  a n d e s i t e .  

T h i s  is t h e  a p p r o x i m a t e  i n t e r s e c t i o n  o f  t h e  e a s t - n o r t h e a s t  
t r e n d i n g  O l i n g h o u s e  f a u l t  zone a n d  t h e  n o r t h w e s  t - s o u t h e a s  t 
t r e n d i n g  Walker  Lane  f a u l t  zone .  The O l i n g h o u s e  z o n e  is  
p r o b a b l y  a n  a n t i  t h e t i c  l e f  t - l a t e r a l  c o n j u g a t e  s h e e r  z o n e  o f  
t h e  r i g h t  l a t e r a l  Walker  Lane z o n e  ( a f t e r  B e l l ,  1 9 8 1  a n d  
l984)  . The ~ r u c k e e '  R i v e r  f o l l o w s  t h e  O l i n g h o u s e  zone  f r o m  
Sparks  e a s t  t o  Wadsworth ,  where i t  b e n d s  n o r t h  t o  f o l l o w  t h e  
Walker l a n e .  

J u s t  b e f o r e  e n t e r i n g  Wadsworth 
t o  ~ i x o n  and P y r a m i d  Lake.  

TURN LEFT on S t a t e  Route  4 4 7  

0.4/33.7 The r o a d  a s c e n d s  a  l a r g e  l a k e  t e r r a c e  s c a r p .  

0.5/34.2 To t h e  r i g h t ,  j u s t  a b o v e  t h e  g r e e n  v a l l e y  o f  t h e  ~ r u c k e e  
R i v e r ,  a  l a r g e  s e c t i o n  o f  t a n  L a h o n t a n  l a k e  bed a n d  d e l t a  
d e p o s i t s  c a n  b e  s e e n .  

1:4/35.6 The road  on t h e  l e f t  l e a d s  t o  t h e  O l i n g h o u s e  m i n i n g  d i s t r i c t  
l o c a t e d  i n  t h e  c o l o r f u l  h i l l s  s t r a i g h t  a h e a d -    he 
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l i g h t - c o l o r e d  r o c k s  a r e  a  1 t e r e d  l a t e  0 1  i g o c e n e - e a r l y  M i o c e n e  
r h y o l i t i c  a s h - f l o w  t u E f s ,  which  a r e  o v e r l a i n  by  Pyramid 
Sequence  v o l c a n i c  r o c k s .  B o t h  f o r m a t i o n s  h a v e  been  i n t r u d e d  
b y  Miocene g r a n i t i c  r o c k s .  Gold a t    ling house o c c u r s  a s  
s m a l l  h i g h - g r a d e  p o c k e t s  o r  s h o o t s  i n  q u a r t z  and c a l c i t e  
v e i n s  i n  f a u l t  z o n e s  i n  o r  a d j a c e n t  t o  g r a n o d i o r i t e  p o r p h y r y  
d i k e s  and i n t r u s i v e  m a s s e s  w h i c h  c u t  t h e  e h l o r o p a g u s  
~ o i m a t i o n  ( a n d e s i t e s  and b a s a l t s ) .  The C a b i n  No. 2 Mine was  
t h e  d i s t r i c t ' s  p r i n c i p a l  p r o d u c e r .  

0.5/36.1 E n t e r i n g  Dodge F l a t .  The a r e a  on b o t h  s i d e s  o f  t h e  r o a d  
c o n s i s t s  o f  a  t h i n  s u r f a c e  v e n e e r  o f  r eworked  a n d  e o l i a n  
d e p o s i t s ,  wh ich  i s  u n d e r l a i n  by  d e l t a i c  l a k e  p l a i n  s e d i m e n t s  
d e p o s i t e d  by t h e  T r u c k e e  R i v e r  a s  i t  s n t e r e d  a n c i e n t  Lake  
Lahontan .   his b r o a d  s u r f a c e  i s  p r i m a r i l y  r e l a t e d  t o  t h e  
mid-Sehoo l a k e  s t a n d  o f  N o r r i s o n  ( 1 3 6 4 ) .  I t  is 
c h a r a c t e r i z e d  b y  t h e  w i d e s p r e a d  o c c u r  r a n c e  o f  d e n t r  i t i c  
t u f a .  

Note t h e  h o r i z o n t a l  g r o o v e s  o f  f o r m e r  L a h o n t a n  s h o r e l i n e s  i n  
the b a s a l  p o r t i o n  o f  t h e  T r u c k e e  Range t o  t h e  r i g h t .  The 
d a r k  r o c k s  c o m p o s i n g  t h e  s o u t h e r n  e n d  o f  t h e  T r u c k e e  Range 
are p l i o c e n e  b a s a l t s .  

Along t h e  w e s t e r n  ( l e f t )  b o u n d a r y  o f  t h e  f l a t ,  Lake  L a h o n t a n  
s e d i m e n t s  a r e  i n t e r b e d d e d  w i t h  a l l u v i a l  d e p o s i t s  d e r i v e d  
from t h e  Pah Rah Range.  The  s o u t h e r n  end o f  t h e  Pah Rah 
Range c o n s i s t s  m a i n l y  o f  p l i o c e n e  h a s a l t  and a n d e s i t s  f l o w s .  

The e a s t e r n  ( r i g h t )  p o r t i o n  o f  Dodge F l a t  ( a n d  e x t e n d i n g  
. n o r t h w a r d  t o  t h e  s o u t h e r n  e n d  o f  pyramid  Lake)  is t r a n s e c t e d  

by s e g n e n t s  o f  t h e  Walker  Lane .  The Walker  Lane is  a  zon& 
o f  n o r t h w e s t -  t r e n d i n g  r i g h t - l a t e r a l  s t r i k e - s l i p  f a u l t s  a n d  
p a r a l l e l  t r e n d i n g  r a n g e s  e x t e n d i n g  f rom Pyramid Lake on  t h e  
n o r t h  a t  l e a s t  a s  f a r  s o u t h  a s  Walker  Lake.  Geomorphic  
f e a t u r e s  m a r k i n g  t h i s  z o n e  c o n s i s t  o f  r i f  t - v a l l e y s ,  l o n g  
1 i n e a r  r i d g e s ,  s u b t l e  s c a r ? s ,  s a g  ponds  and  v e g e t a t i o n  
a l i g n i n e n t s .  

1.9/38.0 A t  10  :00 n o r t h w e s t -  t r e n d i n g  f a u l t s  o f  £set  p r e - L a h o n t a n  f a n  
d e p o s i t s ,  wnich  d e s c e n d  s t e p - l i k e  f rom t h e   ah Rah Range a n d  
a r e  t i l t e d  t o  t h e  e a s t .  

0.2/38.2 Leaving Dodge F l a t .  On t h e  w e s t  ( l e f t )  a l o n g  t h e  pah Rah 
r a n g e - f r o n t  s m a l l  s c a r p s  ( u n d e r  1 0  f e e t )  c a n  b e  s e e n  i n  L a t e  
Cenozo ic  a l l u v i a l  f a n  d e p o s i t s .  

1.4/39.6 Note t h e  l a r g e  n o r t h -  t r e n d i n g  f a u l t  i n  p r e - L a h o n t a n  f a n  
d e p o s i t s  a t  9 : 3 0 .  

1.6/41.2 A number o f  r o a d s  l e a d i n g  o f f  t o  t h e  r i g h t  i n  t h i s  a r e a  
a f f o r d  good v i e w s  o f  t h e  s t r a t i g r a p h i c  s e c t i o n  o f  
P l e i s t o c e n e  Lake L a h o n t a n .  ( R e f e r  t o  M o r r i s o n ' s  " S o u t h  
Over look" ,  1965  .) 



The h i g h e s t  m e a s u r e d  s h o r e l i n e  o f  a n c i e n t  Lake L a h o n t a n  i n  
t h i s  a r e a  is a t  a n  e l e v a t i o n  o f  4 , 3 9 5  f e e t  ( M i f f l i n  a n d  
Wheat ,  1979)  . 

0.7/41.9 The r o a d  d e s c e n d s  t h r o u g h  " b a d l a n d "  t o p o g r a p h y .  N O  t e  t h e  
complex a s s e m b l a g e  o f  E l u v i a l  and p l u v i a l  d e p o s i t s  i n  t h e  
r o a d c u t s  f o r  t h e  n e x t  n i l e .  The o l d  bed o f  t h e  S o u t h e r n  
p a c i f i c  r a i l r o a d  p a r a l l e l s  t h e  r o u t e  f o r  t h e  n e x t  f e w  miles 
on  t h e  r i g h t .  Rocks e x p o s e d  h e r e  d i s p l a y  f a u l t s  w i t h  s m a l l  
v e r t i c a l  o f f - s e t .  

0 .9/42.8 Pyramid Lake b a t t l e s  h i s t o r i c a l  m a r k e r  on  t h e  r i g h t .  STOP. 
Note  t h e  t u f a  d e p o s i t s  a b o v e  t h e  r o a d c u t  t o  t h e  w e s t ,  and 
b e h i n d  t h e  h i s t o r i c a l  m a r k e r  on t h e  l e d g e s  be low.  

1.1/43.9 The r o a d  a s c e n d s  a  Sehoo  a g e  l a k e  t e r r a c e .  A t  t h e  t o p  o f  
t h e  h i l l  PULL-OFF TO THE LEFT i n  t h e  p a r k i n g  a r e a .  F o r  a  
more  d e t a i l e d  e x a m i n a t i o n  o f  t h e  e x t r e m e l y  w e l l - d e v e l o p e d  
t u f a  h e a d s ,  wa lk  t o  t h e  e a s t  ( r i g h t )  s i d e  o f  t h e  r o a d .  
T h e s e  l a t e  Sehoo  a g e  t u f a s  h a v e  b o t h  l i t h o i d  and d e n d r i t i c  
f o r m s .  E x p o s u r e  and g r e a t e r  s a l i n i t y  d u r i n g  l o w e r  l a k e  
l e v e l s  i n  Sehoo t i m e  a r e  b e l i e v e d  t o  h a v e  p r o m o t e d  r a p i d  
t u f a  g r o w t h  h e r e  and i n  o t h e r  f a v o r a b l e  a r e a s  i n  a n c i e n t  
Lake   ah on tan. 

I n  1835 ,  R u s s e l l  c l a s s i f i e d  t h e  t u f a  d e p o s i t s  o f  L a k e  
L a h o n t a n  i n t o  t h r e e  v a r i e t i e s :  (1) l i t h o i d ,  s t o n y ,  a n d  
c o n p l c t ;  ( 3 )  d e n d r i t i c ,  c o r a l l i n e  and b ranc ln ing ;  and  ( 3 )  
t h i n o l i t e ,  s h o w i n g  c r y s t a l  fo r ins .  The l i t h o i d  a n d  d e n d r i t i c  
v a r i e t i e s  were ( a n d  a r e  p r e s e n t l y )  d e p o s i t e d  t h r o u g h  t h e  
a c t i v i t y  o f  b l u e - g r e e n  a l g a e  a l o n g  t h e  l a k e s h o r e .  Rocks  o r  
p e b b l e s  fo rm t h e  s o l i d  f o u n d a t i o n  f o r  t h e  a l g a e  t o  g r o w  on .  

OPTIONAL SIDE TRIP t o  t h e  Narrows o f  t h e  T r u c k e e  R i v e r .  
Take  t h e  d i r t  r o a d  on t h e  r i g h t  Eor  a  c l o s e r  l o o k  a t  t h e  
" n a r r o w s "  o f  t h e  T r u c k e e  R i v e r .  From t h i s  v a n t a g e  p o i n t  you 
c a n  a l s o  see t h e  d e e p  d o w n - c u t t i n g  t h a t  t h e  modern  T r u c k e e  
~ i v e r  h a s  a c c o m p l i s h e d  t h r o u g h  Q u a t e r n a r y  p r e - a n d  p o s t -  Lake  
L a h o n t a n  d e p o s i t s .  T h i s  d e e p  i n c i s i n g  i s  c a u s e d  b y  t h e  
e a s i l y  e r o d i b l e  n a t u r e  o f  t h e  u n c o n s o l i d a t e d  l a k e ,  d e l t a ,  
and b a s i n - f i l l  d e p o s i t s ,  and b y  u p s t r e a m  d i v e r s i o n s  o f  
T r u c k e e  ~ i v e r  w a t e r ,  f a c t o r s  which h a v e  r e s u l t e d  i n  t h e  
l o w e r i n g  o f  Pyramid  L a k e ' s  b a s e  l e v e l ,  w h i c h  h a s  i n  t u r n  
s t e e p e n e d  t h e  l o c a l  s t r e a m  g r a d i e n t  o f  t h e  T r u c k e e  R i v e r  and  
added  new i m p e t u s  t o  i t s  e r o s i o n  o f  L a t e  Q u a t e r n a r y  d e p o s i t s  
i n  t h i s  a r e a ,  a n d  r e d e p o s i t i o n  o f  t h i s  new s e d i m e n t  l o a d  
i n t o  pyramid Lake a t  t h e  p r e s e n t  T r u c k e e  R i v e r  d e l t a .  

About 5 miles d o w n s t r e a m ,  a  U .  S. G e o l o g i c a l  S u r v e y  g a u g i n g  
s t a t i o n  m e a s u r e s  t h e  f l o w  o f  T r u o k e e  R i v e r  w a t e r  i n t o  
pyramid ~ a k e .  Remember t h a t  t h e  l a k e  r e c e i v e s  e s s e n t i a l l y  
i t s  t o t a l  i n f l o w  froin t h e  T r u c k e e  R i v e r  w h i c h  o r i g i n a t e s  a t  
Lake  Tahoe.  I t  h a s  b e e n  e s t i m a t e d  t h a t  t h e  n o r m a l  f l o w  a t  
t h i s  p o i n t  u s e d  t o  a v e r a g e  a b o u t  6 8 0 , 0 0 0  a c r e - f e e t  p e r  y e a r .  



However, d u e  t o  d i v e r s i o n  o f  t h e  water i n  Reno and a t  Derby 
Dam, t h e  a v e r a g e  i n f l o w  t o  Pyramid Lake o v e r  t h e  p a s t  2 5  
y e a r s  h a s  b e e n  a b o u t  330 ,000  a c r e - f e e t  p e r  y e a r .  RETRACE 
ROUTE BACK TO MILEAGE POINT 43.9  a n d  c o n t i n u e  r o a d l o g .  

0 .3 /44 .2  Note  t h e  h o r i z o n t a l  l a k e  t e r r a c e s  e t c h e d  i n t o  t h e  a n c i e n t  
Lahon tan  s e d i m e n t s  on  b o t h  s i d e s  o f  t h e  r o a d .  

CAREFULLY p u l l  o f f  t h e  r o a d  f o r  a  p a n o r a m i c  v i e w  of  Pyramid  
Lake. (USE EXTREME CAUTION W H E N  PULLING-OFF THE ROAD IN THE 
LAKE BASIN. SHOULDERS A R E  OFTEN DEEP SAND.) The town o f  
Nixon l i e s  i n  t h e  p a t c h  o f  g r e e n  a t  2:OO. Beh ind  Nixon,  i n  
t h e  m i d d l e  d i s t a n c e  a t  1 : 0 0 ,  is M a r b l e  B l u f f .  B e h i n d  t h e  
b l u f f  is  t h e  h i g h e r  Lake Range. Anaho I s l a n d  is  d i r e c t l y  
a h e a d .  pyramid  I s l a n d  is t o  t h e  r i g h t  o f  Anaho n e a r  t h e  
e a s t e r n  s h o r e  o f  t h e  l a k e .  The T r u c k e e  ~ i v e r  r u n s  n o r t h  
t h r o u g h  Nixon a n d  b e n d s  t o  t h e  l e f t  b e f o r e  e n t e r i n g  t h e  l a k e  
a t  i t s  p r e s e n t - d a y  d e l t a .  

Due t o  t h e  l o w e r e d  l a k e  l e v e l  s i n c e  1 8 6 7 ,  much s o f t  o l d  l a k e  
and d e l t a  s e d i m e n t  f rom u p s t r e a m  h a s  b e e n  e r o d e d  by t h e  
T r u c k e e  R i v e r  a n d  d e p o s i t e d  a t  t h e  mouth  o f  t h e  T r u c k e e  i n  
t h e  form o f  a  new d e l t a  i n t o  p y r a m i d  Lake .  

0 .3 /44.5  Road t o  L i t t l e  N ixon  on t h e  r i g h t .  C o n t i n u e  s t r a i g h t  a h e a d .  

2.9/47.4 JUNCTION. TURN LEFT on S t a t e  R o u t e  446 t o  s u t c l i f f ,  OR 
CONTTNUE STRAIGHT AHEAD on  S t a t e  R o u t e  4 4 7  t o  ~ i x o n  f ~ r a n  
OPTIONAL TRIP TO N L X O N  AND WINNEMUCCA LAKE- 

OPTIONAL SIDE TRIP TO NIXON AND WINNEMUCCA LAKE. T r a v e l  f o r  
0 . 6  m i l e  and c r o s s  t h e  T r u c k e e  R i v e r .  The Nixon T r a d i n a  ' 

d 

p o s t  w i l l  b e  on  t h e  r i g h t  a h e a d .  T r a v e l  a n o t h e r  2  miles and 
M a r b l e  b l u f f  w i l l  b e  a h e a d  a t  12:OO. I t  i s  composed o f  
metamorphosed l i m e s t o n e  o f  t h e  Lower ~ e s o z o i c  ~ i g h t i n ~ a l e  
S e q u e n c e ,  which  i s  c o v e r e d  w i t h  m a s s i v e  t u f a  d e p o s i t s .  

  he d r a i n a g e  way a l o n g  t h e  s o u t h  and  e a s t  s i d e s  o f  t h e  b l u f f  
i s  t h e  Mud Lake S l o u g h ,  t h e  n a t u r a l  o v e r f l o w  c h a n n e l  f rom 
pyralnid t o  ~ i n n e m u c c a  Lake ,  when Pyramid  s t o o d  a t  h i g h e r  
l e v e l s .  u n \ t i l  1 9 3 9 ,  t h e  Winnemucca b a s i n  c o n t a i n e d  w a t e r  
y e a r - r o u n d .  A t  i t s  maximum h i s t o r i c a l  l e v e l  t h e  l a k e  had a n  

o f  b o u t  s q u a r e  miles  and maximum d e  t h  o f  a b o u t  80  ?S!. 18P1,  inflow l n t o  ~ i n n e m u c c a  ~ a  R e was 
i n t e r m i t t a n t .  B e c a u s e  o f  u p s t r e a m  w a t e r  d i v e r s i o n s ,  t h e  
T r u c k e e  R i v e r  i n c i s e d  ( d o w n c u t )  i ts  p r e s e n t  c h a n n e l  t o o  
d e e p l y  f o r  w a t e r  t o  f l o w  e a s t w a r d  i n t o  t h e  Mud Lake S l o u g h  
and  on t o  Winnemucca Lake.  By 1 9 3 9 ,  Winnemucca Lake was no 
l o n g e r  p e r e n n i a l .  A v a l u a b l e  f i s h  and  w a t e r f o w l  h a b i t a t  h a s  
b e e n  l o s t .  

T r a v e l  a n o t h e r  1 . 3  mi les  t o  t h e  M a r b l e  B l u f f  v i e w p o i n t .  TO 

t h e  r i g h t  l i e s  t h e  s o u t h e r n  p a r t  o f  P y r a m i d  Lake ,  t e r m i n a l  
b a s i n  f o r  t h e  T r u c k e e  R i v e r .  I n  t h e  f o r e g r o u n d ,  t h e  T r u c k e e  



R i v e r  h a s  c u t  t h r o u g h  t h e  a n c i e n t  L a k e  L a h o n t a n  a n d  m o r e  
r e c e n t  py ramid  s e d i m e n t s  i n  i t s  t e r m i n a l  f l o o d p l a i n ,  d u e  t o  
l o w e r i n g  o f  t h e  l a k e  l e v e l  a s  d i s c u s s e d  p r e v i o u s l y ,  A 
manmade c h a n n e l  was  d u g  i n  t h e  1 9 3 0 ' s  i n  a f u t i l e  a t t e m p t  t o  
b y p a s s  t h e  s h a l l o w  n a t u r a l  d e l t a  c h a n n e l  t o  f a c i l i t a t e  
u p s t r e a m  s p a w n i n g  r u n s  o f  p y r a m i d  L a k e  f i s h ,  I n  t h e  
m i d - 1 9 7 0 ' s  a s m a l l e r  c h a n n e l  was  a g a i n  d u g  w i t h i n  t h e  1 9 3 0 ' s  
c h a n n e l  f o r  t h e  e n d a n g e r e d  ~ u i - u i  a n d  C u t t h r o a t  T r o u t  i n  
c o n j u n c t i o n  w i t h  t h e  c o n s t r u c t i o n  o f  t h e  M a r b l e  B l u f f  
d i v e r s i o n  dam l o c a t e d  a  few h u n d r e d  y a r d s  u p r i v e r .    his dam 
a n d  c a n a l  a r e  s u c c e e d i n g  i n  a i d i n g  t h e  s p a w n i n g  r u n s ,  a l o n g  
w i t h  c o n t r o l l i n g  f u r t h e r  d o w n c u t t i n g  o f  t h e  r i v e r  c h a n n e l  i n  
t h e  d e l t a  a r e a  n o r t h  o f  t h e  dam. U p s t r e a m  f rom t h e  d a m s i t e ,  
d o w n c u t t i n g  o f  t h e  r i v e r  c h a n n e l  i s  c o n t i n u i n g  ( G l a n c y ,  
1 9 8 4 )  . END OF OPTIONAL TRIP TO N I X O N  A N D  WINMEMUCCA LAKE. 
RETRACE ROUTE 4 . 3  MILES BACK TO THE JUNCTION o f  S t a t e  R o u t e s  
446 and  447 .  TURN RIGHT ON STATE ROUTE 447 a n d  b e g i n  
m i l e a g e  a t  47 .4  

The  low t e r r a c e s  i n  t h i s  a r e a  a r e  c o m p l e x  d e p o s i t s  o f  
d e l t a i c  s e d i m e n t s .  Y O U  a r e  t r a v e l l i n g  a c r o s s  f o r m e r  l a k e  
b o t t o m  and  d e l t a  s e d i m e n t s .  T h e  n o r t h e r n  e n d  o f  t h e  P a h  Rah 
Range  is  o n  t h e  l e f t .  Most o f  t h e  e x p o s e d  r o c k s  a r e  l a t e  
O l i g o c e n e - e a r l y  M i o c e n e  r h y o l i t i c  a s h - f l o w  t u f f s .  

2.5/49.9 N o t e  t h e  h i g h  s h o r e l i n e s  o f  a n c i e n t  L a k e  L a h o n t a n . a t  10:OO. 

0.5/50.5 C z ~ s s i n g  Duck L a k e  p l 3 y a .  T h i s  s a a l l  deprsssinn ~ z s  f o r m e d  
b y  a  py ramid  L a k e  s h o r e l i n e  b a r r i e r  b a r  t h a t  dammed l o c a l  
d r a i n a g e  t o w a r d  t h e  n o r t h .  A pond  r e s u l t e d  t h a t  was  f e d  b y  
l o c a l  r u n o f f  a n d  p r o b a b l y  b y  some g r o u n d - w a t e r - s e e p a g e  f r o m  
Pyramid  Lake  d u r i n g  h i g h  s t a g e s .  H i s t o r i c a B l y ,  ~ u c k  L a k e  ' 
was a  m a r s h y  a r e a  t h a t  p r o v i d e d  w a t e r f o w l  r e s o u r c e s  f o r  t h e  
n a t i v e  P a i u t e s .  T h i s  e l e v a t i o n  is n e a r  t h e  h i s t o r i c a l  h i g h  
l e v e l  o f  t h e  l a k e .  

The  l e v e l  o f  P y r a m i d  Lake  r e p r e s e n t s  a  d e l i c a t e  b a l a n c e  
b e t w e e n  i n f l o w  a n d  e v a p o r a t i o n  i n  t h i s  d e s e r t  c l i m a t e ,  a n d  
is  known t o  h a v e  f l u c t u a t e d  s u b s t a n t i a l l y  d u r i n g  h i s t o r i c  
times b e c a u s e  o f  n a t u r a l  c l i m a t i c  c h a n g e  a n d  m a n ' s  
i n t e r v e n t i o n .  I t s  l e v e l  was a b o u t  3 , 8 6 0  f e e t  i n  1 8 4 4  when 
d i s c o v e r e d  b y  F r e m o n t .  I t  may h a v e  r e a c h e d  a  h i s t o r i c  
maximum o f  a b o u t  3 , 8 8 0  f e e t  d u r i n g  t h e  1 8 6 0 ' s ;  i t  was  a t  a  
l e v e l  o f  a b o u t  3 , 8 7 6  f e e t  when v i e w e d  b y  ~ i n g  i n  1 8 7 1 ,  a n d  
a t  a b o u t  3 , 8 6 9  f e e t  i n  1 9 0 9  (Hardman a n d  V e n s t r o m ,  1 9 4 1 ) .  
The l a k e  l e v e l  b e g a n  a  s t e a d y  d e c l i n e  when m a j o r  w a t e r  
d i v e r s i o n s  b e g a n  f o r  t h e  Newlands  I r r i g a t i o n  P r o j e c t  a t  
Derby  Dam. A c c o r d i n g  t o  U.S. G e o l o g i c a l  S u r v e y  d a t a ,  i t  
r e a c h e d  a  h i s t o r i c  l o w  o f  a b o u t  3 , 7 8 4  f e e t  i n  e a r l y  1 9 6 7 .  
The  l a k e  r o s e  a b o u t  8  f e e t  a s  a r e s u l t  o f  t h e  a b n o r m a l l y  
g r e a t  r u n o f f  o f  1 9 6 9 ,  a n d  h a s  r e m a i n e d  m o r e  o r  less  s t a b l e  
d u r i n g  t h e  1 9 7 0 ' s  b e c a u s e  o f  c h a n g e s  i n  t h e  T r u c k e e  R i v e r  
d i v e r s i o n  managemen t  p o l i c y  o f  t h e  D e p a r t m e n t  o f  I n t e r i o r .  
~ u r i n g  t h e  b a c k - t o - b a c k  a b n o r m a l l y  w e t  y e a r s  o f  1 9 8 2 - 8 3 ,  t h e  



l a k e  l e v e l  r o s e  a l m o s t  20 f e e t  ( G l a n c y ,  1 9 8 4 ) .  I t  now 
s t a n d s  a t  3 , 8 1 5  f e e t  ( J a n u a r y  1 9 8 7 ) .  

0 .5 /51.0  Tufa  dome o n  t h e  l e f t .  

0 .2 /51 .2  The r o a d  c u t s  t h r o u g h  t h e  b a r r i e r  b a r  t h a t  h e l p e d  fo rm Duck 
Lake. 

0 . 9 / 5 2 . 1  Large  t u f a  d e p o s i t  on t h e  l e f t .  

0 .3/52.4 On t h e  l e f t ,  n o t e  t h e  w h i t e  band o f  c a l c i u m  c a r b o n a t e  
d e p o s i t e d  o n  t h e  r o c k s .  T h i s  w h i t e  band is  p r e s e n t  a r o u n d  
t h e  l a k e  a t  a b o u t  t h e  same e l e v a t i o n  ( 3 , 8 7 2  f e e t ) ,  b u t  t h e  
w i d t h  v a r i e s .  I t  r e p r e s e n t s  some n a t u r a l  e q u i l i b r i u m  l e v e l  
o f  t h e  l a k e .  F r e m o n t  n o t e d  t h i s  w h i t e  z o n e  i n  1 8 4 4 ,  when i t  
was o n l y  a b o u t  t w e l v e  f e e t  a b o v e  l a k e  l e v e l .  A s i m i l a r  z o n e  
o c c u r s  a r o u n d  Winnemucca Lake a b o u t  1 5  f e e t  l o w e r .  P y r a m i d  
Lake h a s  r i s e n  a b o v e  t h i s  w h i t e  l i n e  t h r e e  times b e t w e e n  
1860 and 1 9 0 0 .  

0 .3 /52.7  P u l l  o f f  r o a d  t o  t h e  r i g h t  f o r  a  c l o s e r  l o o k  a t  t h e  
b o t r y o i d a l  t u f a  dome ( " p o p c o r n  r o c k s " )  on  t h e  s h o r e l i n e .  

- The s p h e r o i d a l  f o r m  c o n s i s t s  o f  c o n c e n t r i c  b a n d s  o f  
t h i n o l i t e .  

G i a n e l l a  ( 1 9 3 3 )  s t a t e d  t h a t  t h i n o l i t e  was a  pararnorph o f  
c a l c i t e  a f t e r  a r a g o n i t e ,  and may h a v e  b e e n  d e p o s i t e d  a t  
t i m e  when t h e  w a t e r s  o f  Cake L a h o n t a n  were o v e r s a t u r a t e  
w i t h  c a l c i u m  c a r b o n a t e .  T h i s  o v e r - o r  s u p e r - s a t u r a t i o n  o  
t h e  l a k e  w a t e r  p r o b a b l y  o c c u r r e d  d u r i n g  t h e  d r y e r ,  
i n t e r g l a c i a l  p e r i o d s  when e v a p o r a t i o n  e x c e e d e d  i n f l o w .  More 
r e c e n t  s t u d i e s  o f  t h i n o l i t e  b y  M i f f l i n  c a u s e  him t o  b e l i e v ' e  
t h a t  t h i n o l i t e  f o r m s  ( p r e c i p i t a t e s )  when s u p e r s a t u r a t e d  
t h e r m a l  w a t e r s  f rom h o t  s p r i n g s  ( w h i c h  a r e  numerous i n  t h e  
Pyramid B a s i n )  p e r c o l a t e  up t h r o u g h  t h e  c o l d ,  c a l c a r e o u s  
l a k e  b o t t o m  mud a n d  w a t e r .  

The a l i g n m e n t  o f  t u f a  domes and  mounds a l o n g  f r a c t u r e s  
p a r a l l e l  t o  t h e  t r e n d  o f  young ( l a t e  Q u a t e r n a r y )  f a u l t s  h e r e  
and a t  o t h e r  l o c a l i t i e s  a r o u n d  t h e  l a k e  b a s i n  s u g g e s t s  t h a t  
t h e  Walker  Lake f a u l t  zone was a c t i v e  and  was t h e  f o c u s  o f  
s p r i n g  d i s c h a r g e  ( a t  l e a s t  p a r t l y  t h e r m a l )  d u r i n g  Lake 
Lahon tan  t i m e  ( a f t e r  Born ,  1 9 7 2 ) .  Known a c t i v e  g e o t h e r m a l  
a r e a s  a t  P y r a m i d  Lake i n c l u d e  t h e  N e e d l e s  on t h e  n o r t h  e n d  
( t h r e e  g e o t h e r m a l  wells were d r i l l e d  h e r e  b y  W e s t e r n  
G e o t h e r m a l ,  I n c .  i n  t h e  m i d - 1 9 6 0 ' s )  , Pyramid  I s l a n d ,  a n d  a  
h o t  s p r i n g  on  Anaho I s l a n d .  

T h i s  l o c a l i t y  a l s o  m a r k s  t h e  f o r m e r  e x t e n t  o f  t h e  modern  
Truckee  R i v e r  d e l t a  d u r i n g  t h e  L a k e ' s  l o w e s t  h i s t o r i c  s t a n d  
o f  t h e  1 9 6 0 ' s .  A t  t h a t  t i m e ,  t h e  r i v e r  was r a p i d l y  c u t t i n g  
down i n t o  a n d  l a t e r a l l y  e r o d i n g  t h e  f r e s h l y  e x p o s e d  l a k e  
d e p o s i t s ,  p a r t i c u l a r l y  d u r i n g  p e r i o d s  o f  h i g h  r i v e r  f l o w .  
The i n t e n s e  e r o s i o n  formed a  l a r g e  p r o g r a d i n g  f l u v i a l  d e l t a  



o v e r  t h e  t o p  o f  d e e p e r - w a t e r  l a k e  s e d i m e n t s .  F o r - m i l e s  a l o n g  
t h e  b e a c h e s  i n  t h i s  a r e a ,  s i m i l a r  c o m p l e x  s e d i m e n t a r y  
r e l a t i o n s h i p s  t e l l i n g  o f  Pyramid  L a k e ' s  d y n a m i c  p a s t  c a n  b e  
seen i n  v e r t i c a l  c r o s s - s e c t i o n  i n  t h e  low c l i f f s  j u s t  a b o v e  
w a t e r  l e v e l .  

1.2/53.9 A t  3:00 on  t h e  o p p o s i t e  s h o r e  o f  t h e  l a k e ,  t h e  M a r b l e  B l u f f  
d i v e r s i o n  c h a n n e l  c u t s  a  "v" j u s t  a b o v e  w a t e r  l e v e l  t o  t h e  
r i g h t  ( s o u t h )  o f  Marb le  B l u f f .  Ahead a t  1 : 0 0 ,  is  a  g o o d  
v iew o f  Anaho a n d  Pyramid I s l a n d s .  I n  t h e  d i s t a n c e  a t  12:OO 
t h e  N e e d l e s  c a n  b e  s e e n  j u t t i n g  a b o v e  t h e  s h o r e l i n e .  

The c o l o r  o f  p y r a m i d  Lake c h a n g e s  c o n s t a n t l y .  G e n e r a l l y ,  
t h i s  o c c u r s  b e c a u s e  o f  c h a n g i n g  i n t e n s i t y  and  a n g l e  o f  
s u n l i g h t  on  s u s p e n d e d  i n o r g a n i c  p a r t i c l e s .  Bu t  t h e  m o s t  
s p e c t a c u l a r  h u e s  d e v e l o p  i n  l a t e  summer when t h e  a l g a e  a n d  
t i n y  a n i m a l s  ( m o s t l y  c r u s t a c e a n s )  g r e a t l y  i n c r e a s e  t h e i r  
numbers f o r m i n g  " b l a n k e t s "  i n  t h e  u p p e r  l a y e r s  o f  w a t e r .  
The wind m i x e s  t h i s  p l a n k t o n  l a y e r  w i t h  t h e  d e e p e r  w a t e r s ,  
c r e a t i n g  s t r i k i n g  g r e e n  t o  t u r q u o i s e  h u e s  t h a t  c o n t r a s t  w i t h  
t h e  p a s t e l s  o f  t h e  s u r r o u n d i n g  d e s e r t  r a n g e s .  

1 .3 /58.7  An e a s t - w e s t  t r e n d i n g  f a u l t  c r o s s e s  t h e  r o a d  h e r e .  The  r o a d  
a s c e n d s  a  l a r g e ,  s a n d y  e s c a r p m e n t  o f  o l d  l a k e  d e p  
l o c a t e d  a t  t h e  mouth  o f  M u l l e n  C r e e k  ( a h e a d  a n d  t 
l e f t ) .  N o t e  t h e  l a r g e  t u f a  d e p o s i t  on  the r i g h t  

More t u f a  d e p o s i t s  on t h e  r i g h t  a t  2:00. 

0.7/59.9 The r o a d  was washed-ou t  h e r e  b y  t h e  F e b r u a r y  1 9 8 6  f l o o d i n g  
o f  M u l l e n  C r e e k .  

0 .7 /60.6  JUNCTION. T U R N  LEFT on S t a t e  R o u t e  445 t o  Reno. 

0.2/60.8 P u l l  o f f  r o a d  t o  t h e  l e f t  f o r  a  f i n a l  panorama  o f  p y r a m i d  
Lake.  

Pyramid Lake is c u r r e n t l y  a b o u t  25 mi les  l o n g ,  4  t o  11 m i l e s  
w i d e ,  and  o v e r  350 f e e t  d e e p  ( j u s t  n o r t h  o f  p y r a m i d  I s l a n d ) .  
G e o l o g i c a l l y ,  i t  o c c u p i e s  t h e  P y r a m i d  Lake d e p r e s s i o n  a t  t h e  
n o r t h e r n  e n d  o f  t h e  Walker Lane f a u l t  zone  and was f o r m e d  
d u r i n g  l a t e  P l i o c e n e  and e a r l y  P l e i s t o c e n e  t i m e .  C o i n c i d e n t  
w i t h  t h i s  b a s i n  f o r m a t i o n  was t h e  u p l i f t  o f  t h e  Lake Range 
o n  t h e  e a s t  a n d  t h e  v i r g i n i a  M o u n t a i n s  o n  t h e  n o r t h w e s t ,  
Major  u p l i f t  was d u e  t o  f a u l t i n g ,  a n d  o c c u r r e d  a f t e r  
d e p o s i t i o n  o f  l a t e  O l i g o c e n e - e a r l y  Miocene r h y o l i t i c  
a s h - f l o w  t u f f s  a n d  p r i o r  t o  t h e  e x t r u s i o n  o f  l a t e  Miocene 
r o c k s  (Bonham, 1 9 6 9 ) .  The g r e a t  v e r t i c a l  d i s p l a c e m e n t  t h a t  
h a s  o c c u r r e d  a l o n g  t h e  Walker  Lane  i s  e x h i b i t e d  by t h e  
r e g i o n a l  p o s i t i o n  o f  Mesozo ic  r o c k s .  

The M e s o z o i c  b a s e m e n t  i n  t h e  V i r g i n i a  M o u n t a i n s  a n d  t h e  Pah 
Rah Range i s  s t r u c t u r a l l y  d e p r e s s e d  more  t h a n  4 , 0 0 0  f e e t  
r e l a t i v e  t o  t h e  Mesozo ic  b a s e m e n t  i n  t h e  r a n g e s  t o  t h e  west. 



Both r a n g e s ,  h o w e v e r ,  c o n s t i t u t e  a  t o p o g r a p h i c a l l y  h i g h e r  
b l o c k  t h a n  a n y  o f  t h e  n e a r b y  r a n g e s  t o  t h e  west, d u e  t o  (1) 
o u t - p o u r i n g s  o f  v o l c a n i c  r o c k s  s e v e r a l  t h o u s a n d  f e e t  i n  
t h i c k n e s s  making t h e  a r e a  a  h i g h l a n d  by e a r l y  P l i o c e n e  t i m e  
and ( 2 )  t o  P l i o - ~ l e i s t o c e n e  u p l i f t  o f  t h e  a r e a  a l o n g  t h e  
n o r t h w e s t  t r e n d i n g  b o u n d a r y  f a u l t s  o f  t h e  Walker  Lane ( a f t e r  
Bonham, 1 9 6 9 ) .  

Anaho, t h e  l a r g e  t u f a  i s l a n d  d i r e c t l y  e a s t  a c r o s s  t h e  l a k e ,  
h a s  a n  e l e v a t i o n  o f  4 , 3 7 7  f e e t  and was submerged  o v e r  1 0  
f e e t  when Lake   ah on tan was a t  i t s  maximum i n  t h i s  a r e a .  
The i s l a n d  is s e p a r a t e d  f rom t h e  e a s t e r n  s h o r e  o f  t h e  l a k e  
b y  a  moat  o f  s h a l l o w  w a t e r ,  wh ich  t h r e a t e n s  t o  become a l a n d  
b r i d g e  i f  t h e  l e v e l  o f  t h e  l a k e  c o n t i n u e s  t o  d e c l i n e .  

Pyramid I s l a n d  is t h e  s m a l l  p y r a m i d - s h a p e d  t u f a  dome t o  t h e  
l e f t  o f  Anaho I s l a n d  which  g a v e  Fremont  t h e  i d e a  f o r  naming 
t h e  l a k e  when h e  d i s c o v e r e d  i t  i n  1 8 4 1 .  

The l a k e  w a t e r  i s  b r a c k i s h  and  c o n t a i n s  a b o u t  5 , 0 0 0  p a r t s  
p e r  m i l l i o n  o f  d i s s o l v e d  s a l t s ,  a b o u t  7 5 %  of  w h i c h  c o n s i s t s  
o f  sodium c h l o r i d e .  The pH ( a l k a l i n i t y )  o f  t h e  l a k e  i s  
9 .15 ,  which  c o m p a r e s  t o  a  r a n g e  o f  6 .5  t o  8 . 5  f o r  m o s t  
l a k e s .  T h e s e  c o n d i t i o n s  a r e  w e l l - t o l e r a t e d  b y  t h e  p r e s e n t  
f i s h  p o p u l a t i o n  c o n s i s t i n g  o f  t h e  famous  C u i - u i  l a k e  s u c k e r  
( C h a m i s t e e s  c u j u s ) ,  C u t t h r o a t  T r o u t  ( t h e  o r i g i n a l  L a h o n t a n  
C u t t h r o a t  T r o u t ,  Sa lmo c l a r k i  h e n s h a w i ,  h a s  b e e n  e x t i n c t  
s i n c e  t h e  1 9 4 0 ~ s ) ~  a n d  +he S a c r a m e n t o  pe rch ,  The C u i - u i ,  
s u c k e r  f i s h  w i t h  a n  e x t r a  f i n ,  is  f o u n d  o n l y  i n  p y r a m i d  
Lake ,  a l t h o u g h  f o s s i l s  o f  i t s  ~ l e i s t o c e n e  a n c e s t o r s  a r e  
found  i n  Klamath  a n d  Utah  L a k e s .  

With  t h e  c o m p l e t i o n  o f  t h e  Derby Dam on t h e  T r u c k e e  R i v e r  i n  
1 9 0 5  ( a n d  o t h e r  l a r g e  dams s u c h  a s  t h e  f l o u r  m i l l ,  t h e  
R e d u c t i o n  Works,  a n d  t h e  ~ l e c t r i c  Company i n  R e n o ) ,  pyramid  
L a k e ' s  C u t t h r o a t  T r o u t  p o p u l a t i o n  b e g a n  t o  d w i n d l e .  The dam 
d i d  n o t  i n c l u d e  a  f i s h  l a d d e r  f o r  u p s t r e a m  s p a w n i n g  r u n s .  
The f i s h  would m i l l  b e l o w  t h e  dam by t h e  t h o u s a n d s  o n l y  t o  
b e  t r a p p e d ,  n e t t e d ,  d y n a m i t e d ,  o r  hooked b y  " c o m m e r i c a l  
f i s h e r m e n " .  The d i v e r s i o n  o f  T r u c k e e  R i v e r  w a t e r  c o n t i n u e d  
t o  l o w e r  t h e  l a k e  l e v e l  and s o  c l o g  t h e  d e l t a  w i t h  s e d i m e n t  
t h a t  t h e  t r o u t  t h a t  d i d n ' t  g e t  c a u g h t  a t  t h e  dam c o u l d n ' t  
r e t u r n  t o  t h e  l a k e  a f t e r  s p a w n i n g .  R e s t o c k i n g  o f  t h e  l a k e ' s  
f i s h  p o p u l a t i o n  b e g a n  i n  t h e  1 9 5 0 ' s .  

From t h i s  v a n t a g e  p o i n t  i t ' s  e a s y  t o  i m a g i n e  F r e m o n t ' s  
s u r p r i s e  a t  f i n d i n g  t h i s  e x p a n s e  o f  w a t e r .  H e  and  h i s  p a r t y  
o f  2 4  men were t r a v e l i n g  s o u t h  f rom t h e  Columbia  ~ i v e r  
e x p l o r i n g  t h e  G r e a t  B a s i n  b e f o r e  r e t u r n i n g  t o  t h e  E a s t  when 
t h e y  a r r i v e d  a t  a  p a s s  on t h e  n o r t h  end o f  t h e  Lake.  

0.6/61.4 P u l l  o f f  r o a d  t o  l e f t  a t  t h e  h i s t o r i c a l  m a r k e r .  Here a t  t h e  
summit  o f  M u l l e n  Gap t h e  o n l y  l a k e  t e r r a c e  t h a t  was c u t  i n  
t o  r o c k  i n  t h e  m ah on tan ~ a s i h  c a n  b e  o b s e r v e d .  m us sell 



( 1 8 8 5 )  c a l l e d  i t  t h e  " t h i n o l i t e  t e r r a c e " ,  which  a t  t h a t  t i m e  
s t o o d  a b o u t  150 f e e t  a b o v e  t h e  l a k e ,  a t  a n  e l e v a t i o n  o f  
4 ,200  f e e t .  ~ o o k i n g  b e h i n d  t h e  h i s t o r i c a l  m a r k e r ,  i t  is a  
g r a y ,  r o c k y ,  h o r i z o n t a l  band l o c a t e d  a b o u t  midway up t h e  
l i c h e n - c o v e r e d  rnounta i t l  i n  t h e  b a c k g r o u n d .  Below, M u l l e n  
C r e e k  s e r v e d  a s  a  wa te rway  f o r  Lake  L a h o n t a n  w a t e r s  d u r i n g  
h i g h  l a k e  s t a n d s .  Wate r  f l o w e d  w e s t w a r d  ( r i g h t )  i n t o  Warm 
S p r i n g s  V a l l e y ,  t h e  w e s t e r n  e x t e n t  o f  L a h o n t a n  w a t e r s  i n  
t h i s  a r e a .  Note  t h e  l a r g e ,  s a n d y ,  t a b l e - l i k e  d e p o s i t s  o f  
o l d  l a k e  s e d i m e n t s  e x t e n d i n g  f rom t h e  mouth  o f  Mul len  C r e e k  
t o w a r d  pyramid  Lake .  

0.3/61.7 F o r  t h e  n e x t  4 m i l e s  t h e  r o u t e  f o l l o w s  M u l l e n  P a s s ,  a n  
e a s t - n o r t h e a s t  t r e n d i n g  s t r u c t u r a l  l i n e a m e n t  s e p a r a t i n g  t h e  
v i r g i n i a  M o u n t a i n s  on t h e  n o r t h  ( r i g h t )  a n d  t h e  Pah Rah 
Range on t h e  s o u t h .  Note  t h e  n u m e r o u s  Miocene i n t r u s i v e  
d a c i t e  p o r p h y r y  p l u g s  t o  t h e  l e f t  a n d  r i g h t  f o r  t h e  n e x t  
s e v e r a l  miles. 

On t h e  r i g h t ,  t h e  v i r g i n i a  M o u n t a i n s  a r e  a  n o r t h w e s t -  
t r e n d i n g  b l o c k  bounded  on t h e  n o r t h e a s t  and  s o u t h w e s t  by  
n o r t h w e s t  t r e n d i n g  f a u l t s  o f  t h e  W a l k e r  Lane.  N o r t h  a n d  
n o r t h w e s t - t r e n d i n g  f a u l t s ,  w i t h  p r e d o m i n a n t l y  d i p - s l i p  
movement, o c c u r  w i t h i n  t h e  r a n g e .  Rocks  i n  t h e  n o r t h e r n  7 5 %  
o f  t h e  r a n g e  a r e  Miocene pyramid  S e q u e n c e  b a s a l t ,  a n d e s i t e  
and  d a c i t e  f l o w s ,  f l o w  b r e c c i a s ,  mud-flow b r e c c i a s ,  
a g g l o m e r a t e s ,  t u f f s  and  a s s o c i a t e d  i n t r u s i v e s ,  The s o u t h e r n  
end o f  t h e  r a n g e  is ~ o m p o s e d  o f  l a t e  O l i g a c e n e - e a r l y  Yio, -en@ 
( 3 0  t o  2 2  m.y.) r h y o l i t i c  a s h - f l o w  t u f f s  ( w i t h  e x t e n s i v e  
p r o p o l y t i c  a l t e r a t i o n ) ,  and Miocene  Pyramid  S e q u e n c e  
b a s a l t - f l o w s ,  mudf fows ,  a g g l o m e r a t e s ,  t u f f s ,  a s s ~ c i a t e d  
i n t r u s i v e s ,  and  some i n t e r c a l a t e d  s e d i m e n t a r y  f r e s h w a t e r  ' 

r o c k s .  A l t e r a t i o n  o f  t h e s e  r o c k s  b y  t h e  h o t  f l u i d s  
accompany ing  v o l c a n i c  a c t i v i t y  i s  r e s p o n s i b l e  f o r  t h e i r  
b r i g h t  c o l o r s .  The j a g g e d  c o n i c a l  f o r m a t i o n s  a r e  i n t r u s i v e  
n e c k s  o r  f i s s u r e s  f rom which t h e  o t h e r  v o l c a n i c  r o c k s  
i s s u e d .  

On t h e  l e f t ,  t h e  Pah Rah Range i s  m o r e  c o m p l e x l y  f a u l t e d .  
Here, i t ' s  n o r t h e r n  p o r t i o n  e x h i b i t s  t h e  n o r t h w e s t - t r e n d i n g  
f a u l t  p a t t e r n  o f  t h e  Walker  Lane .  The r o c k s  a r e  l a t e  
O l i g o c e n e - e a r l y  Miocene r h y o l i t i c  a s h - f l o w  t u f f s  and Miocene  
Pyramid S e q u e n c e  b a s a l t  and a n d e s i t e  f l o w s .  

Lake L a h o n t a n  s e d i m e n t s  c o v e r  t h e  v a l l e y  f l o o r .  D u r i n g  h i g h  
l a k e  s t a n d s ,  w a t e r  s p i l l e d  t h r o u g h  h e r e  f rom Pyramid  Lake 
i n t o  Warm S p r i n g s  v a l l e y  a h e a d .  

2.0/63.7 C r o s s i n g  M u l l e n  C r e e k .  The r o a d  was washed o u t  by  F e b r u a r y  
1 9 8 6  f l o o d i n g .  

1.5/65.2 I n  t h e  f o r e g r o u n d  h i l l s  on t h e  l e f t ,  m i n e  w o r k i n g s  o f  t h e  . 
p y r a m i d  d i s t r i c t  c a n  b e  s e e n .  C l a i m s  were l o c a t e d  h e r e  a s  
e a r l y  a s  1 8 6 3 ,  a n d  t h e  d i s t r i c t  was o r g a n i z e d  i n  1866.  Gold  



and  s i l v e r  o r e  a s s a y e d  f rom $10 t o  $ 1 , 0 0 0  p e r  t o n ,  b u t  
l i t t l e  p r o d u c t i o n  o c c u r r e d  p r i o r  t o  1 8 7 8 ,  when t h e  J o n e s -  
K i n c a i d  and  t h e  Monarch became t h e  p r i n i c p a l  p r o p e r t i e s .  
Between 1 8 8 1  and  1889  t h e  F r a n c o - A m e r i c a n  ( B l o n d i n )  Mine 
p r o d u c e d  $87 ,000  i n  g o l d ,  s i l v e r  a n d  c o p p e r .  From 1 8 9 0  t o  
t h e  p r e s e n t ,  m i n i n g  h a s  b e e n  i n t e r m i t t a n t  and on a  s m a l l  
s c a l e .  I n  1 9 5 4 ,  u r a n i u m  was d i s c o v e r e d  i n  t h e  d i s t r i c t .  
Many c l a i m s  were s t a k e d ,  and s m a l l  s c a l e  p r o d u c t i o n  b e g a n  i n  
1 9 5 5 .  

The c o p p e r - l e a d - z i n c - s i l v e r  d e p o s i t s  o f  t h e  d i s t r i c t  o c c u r  
i n  n o r t h w e s t - t r e n d i n g  v e i n s  i n  l a t e  ~ l i g o c e n e - e a r l y  Miocene 
r h y o l i t i c  a s h - f l o w  t u f f s .  The o r e  i s  composed o f  p y r i t e ,  
e n a r g i t e ,  b a r i t e ,  g a l e n a  and  s p h a l e r i t e  i n  a  g a n g u e  o f  
q u a r t z ,  c a l c i t e ,  a n d  a l t e r e d  ( s e r i c i t i c )  r h y o l i t i c  t u f f .  
The p r e s e n c e  o f  g o l d  i s  m i n o r ,  u s u a l l y  less t h a n  0 .05 o u n c e s  
per t o n ,  The u r a n i u m  o c c u r s  i n  g e n e r a l l y  n o r t h e a s t - t r e n d i n g  
f a u l t  z o n e s  and i s  commonly l o c a l i z e d  a l o n g  d i a b a s e  d i k e s  
i n t r u d e d  i n t o  t h e  a s h - f l o w  t u f f s  ( a f t e r  Bonham, 1 9 6 9 ) .  

1.3/66.5 L i g h t - c o l o r e d  Lake  aho on tan s e d i m e n t s  a r e  e x p o s e d  i n  t h e  
v a l l e y  f l o o r  a t  3:OO. Warm S p r i n g s  V a l l e y  is  a h e a d  a n d  t o  
t h e  r i g h t .  

1.1/67.6 O u t c r o p s  o f  l a t e  O l i g o c e n e - e a r l y  M i o c e n e  a s h - f l o w  t u f f s  on  
t h e  r i g h t  and l e f t .  

0 .6/68.2 E n t e r i n g  Warm S p r i n g s  v a l l e y .  T h i s  v a l l e y  i s  a down-droppe 
b l o c k  bounded b y  n o r t h w e s t - t r e n d i n g  f a u l t s  b e l i e v e d  t o  b e  
p a r t  o f  t h e  Walker  Lane ,  The v a l l e y - f i l l ,  composed o f  
P l i o c e n e  and y o u n g e r  ( i n c l u d i n g  Lake  L a h o n t a n )  s e d i m e n t a r y  
a n d  p y r o c l a s t i c  r o c k s ,  r a n g e s  i n  d e p t h  f rom 1 , 9 6 0  t o  3 , 3  
f e e t  . 
L e a v i n g  Warm S p r i n g s  V a l l e y .  T h i s  is  t h e  w e s t e r n  e x t e n t  o f  
Lake L a h o n t a n  s e d i m e n t s .  The r o c k s  o n  t h e  r i g h t  a r e  
C r e t a c e o u s  i n t r u s i v e s  ( g r a n i t e s  t o  g a b b r o s ) .  Rocks on  t h e  
l e f t  a r e  c o m p l e x l y  f a u l t e d  l a t e  ~ l i g o c e n e - e a r l y  Miocene 
a s h - f l o w  t u f f s  a n d  some C r e t a c e o u s ( ? )  i n t r u s i v e s  o f  t h e  Pah 
Rah Range.  

E x t e n s i v e  o u t c r o p s  o f  Mesozo ic  b a s e m e n t  ( C r e t a c e o u s ?  
i n t r u s i v e s )  r o c k s  o c c u r  i n  t h i s  a r e a  s o u t h w e s t  o f  t h e  Walker  
Lane b o u n d a r y  f a u l t s .  They h a v e  b e e n  d i s p l a c e d  upward a t  
l e a s t  3 , 0 0 0  r e l a t i v e  t o  t h e  M ~ S O Z O ~ C  r o c k s  i n  t h e  v i r g i n i a  
M o u n t a i n s  b l o c k .  

E r o s i o n a l  r e m n a n t s  o f  T e r t i a r y  r o c k s  i n d i c a t e  t h a t  t h i s  a r e a  
was f o r m e r l y  c o v e r e d  by some o f  t h e  same ~ e r t i a r y  f o r m a t i o n s  
t h a t  c o v e r  t h e  v i r g i n i a  Mountains- ah Rah Range b l o c k .  
u p l i f t  o c c u r r e d  h e r e  a f t e r  d e p o s i t i o n  o f  t h e  l a t e  
O l i g o c e n e - e a r l y  Miocene  a s h - f l o w  t u f f s  and  p r i o r  t o  t h e  
e x t r u s i o n  o f  l a t e  Miocene r o c k s .  



3 .9 /72 .1  Hungry V a l l e y  s t r a i g h t  a h e a d .  

2.5/74.6 The r o u t e  p a s s e s  t h r o u g h  Bacon ~ i n d  F l a t ,  l a t e  
O l i g o c e n e - e a r l y  Miocene  a s h - f l o w  t u f f s  c r o p - o u t  on b o t h  
s i d e s  of  R a t t l e s n a k e  Canyon on t h e  l e f t .  These  o u t c r o p s  a r e  
r e m n a n t s  o f  f l o w s  t h a t  o r i g i n a t e d  i n  t h e   ah Rah Range t o  
t h e  s o u t h e a s t .  

The unnamed r a n g e  on t h e  r i g h t  i s  composed o f  n o r t h -  
n o r t h e a s t  and  w e s t - t o  n o r t h w e s t - t r e n d i n g  f a u l t s  i n  
C r e t a c e o u s ( ? )  i n t r u s i v e  r o c k s  o v e r l a i n  by  l a t e  
O l i g o c e n e - e a r l y  Miocene  a s h - f l o w  t u f f s .  

3 .8 /78.4  E n t e r i n g  S p a n i s h  S p r i n g s  v a l l e y .  Ahead,  a n d  t o  t h e  r i g h t  is  
Mount Rose a n d  S l i d e  Mounta in  i n  t h e  C a r s o n  Range. 

1 .1 /79 .5  On t h e  l e f t  a t  10:OO i s  S u g a r l o a f  P e a k .  I t  is  composed o f  
Miocene a n d e s i t i c  b a s a l t ,  o v e r l y i n g  C r e t a c e o u s ( ? )  g r a n i t e .  

To t h e  s o u t h e a s t  ( l e f t ) ,  t h e  s u r f a c e  o f  t h e  Pah Rah Range is  
composed e n t i r e l y  o f  l a t e  Miocene b a s a l t s .  

A t  t h e  b a s e  o f  t h e  h i l l s  on t h e  r i g h t ,  l i g h t - g r a y  decomposed  
g r a n i t e  i s  b e i n g  mined  f o r  u s e  m a i n l y  a s  l a n d f i l l .  
C r e t a c e o u s ( ? )  g r a n i t e s  c o n t i n u e  t o  o u t c r o p  i n  t h e  h i l l s  t o  
t h e  r i g h t ,  a l o n g  w i t h  pre-Lake L a h o n t a n  t e r r a c e ,  a l l u v i a l  
f a n  and p e d i m e n t  g r a v e l s  and l a c u s t r i n e  d e p o s i t s .  T h e s e  
d e p o s i t s  a r e  a l s o  f o u n d  a l o n a  t h e  e n t i r e  w e s t e r n . m a r g i n  o f  
t h e  T r u c k e e  Meadows ( t o  t h e  s o u t h )  . 

3.2/82.7  The meadows o f  S p a n i s h  S p r i n g s  V a l l e y  a r e  k e p t  g r e e n  w i t h  
t h e  i r r i g a t i o n  w a t e r s  from t h e  O r r    itch which c o n n e c t s  wi ' th 
t h e  T r u c k e e  R i v e r  a h e a d  i n  Reno. 

2.2/84.9 T r u c k e e  Meadows s t r a i g h t  a h e a d .  The  r o u t e  now p a s s e s  
t h r o u g h  t h e  Wedekind g o l d  and s i l v e r  m i n i n g  d i s t r i c t .  Note  
t h e  a d i t s  a n d  dumps on t h e  h i l l s  t o  t h e  r i g h t .  

George  Wedekind was a  p i a n o  t u n e r  a n d  week-end p r o s p e c t o r  
who found h i s  Wedekind Mine i n  1 8 9 6 .  H e  p r o d u c e d  a b o u t  
$100,000 f rom h i s  m i n e  b e f o r e  s e l l i n g - o u t  t o  Governor  J o h n  
S p a r k s  f o r  $ 1 7 5 , 0 0 0 .  By 1901 ,  a b o u t  50 s h a f t s  were  s u n k  i n  
t h e  a r e a .  T h i s  a l s o  marked t h e  m a i n  p e r i o d  o f  p r o d u c t i o n  
w i t h  anywhere  f rom $ 2 2 9 , 6 2 1  ( u n o f f i c i a l  smelter f i g u r e s )  t o  
$107 ,091  ( o f f i c i a l  p r o d u c t i o n  r e c o r d s )  b e i n g  p r o d u c e d .  The 
s u r f a c e  o r e s  r e p o r t e d l y  c o n t a i n e d  r i c h  s i l v e r  c h l o r i d e  some 
g o l d ,  c e r u s s i t e  a n d  a n g l e s i t e  (Bonham, 1 9 6 9 ) .  T h e r e  was a 
l a r g e  f l o w  o f  h o t ,  a c i d  w a t e r  t h a t  was s t r u c k  a t  213 f e e t  i n  
1 9 0 3  t h a t  made m i n i n g  d i f f i c u l t .  The m i l l  t h a t  was d e s i g n e d  
f o r  s u r f a c e  o x i d e  o r e  and n o t  t h e  s u l f i d e  o r e  t h a t  was 
p r e s e n t ,  a l s o  made m i n i n g  h e r e  u n p r o f i t a b l e .  Mining was 
a g a i n  a t t e m p t e d  i n  t h e  1 9 2 0 ' s  and  1 9 3 0 ' ~ ~  w i t h  l e a d ,  z i n c ,  
a n d  s i l v e r  o x i d e s  b e i n g  e n c o u n t e r e d  a t  210 t o  400 f e e t ,  



C r e t a c e o u s ( ? )  g r a n o d i o r i t e  c r o p s  o u t  on t h e  n o r t h  end o f  t h e  
d i s t r i c t ,  b u t  Miocene A l t a  Fo rma t ion  (py roxene  a n d e s i t e  
f l ows)  is t h e  major  rock u n i t  exposed  i n  t h e  a r e a .  The 
f lows  a r e  h i g h l y  a l t e r e d  and have  undergone  e x t e n s i v e  
n e a r - s u r f a c e  a c i d  b l e a c h i n g .  P r i m a r y  s u l f i d e s  were  r eached  
a t  d e p t h s  of  a b o u t  5 0  f e e t  and c o n s i s t e d  of g a l e n a ,  
s p h a l e r i t e ,  p y r i t e ,  and a r g e n t i t e .  M i n e r a l i z a t i o n  o c c u r s  i n  
s tockworks  i n  nor thwes t -and  n o r t h - t r e n d i n g  f r a c t u r e  zones .  

R e s i d e n t i a l  h o u s i n g  h a s  enc roached  on t h e  d i s t r i c t ,  w i t h  a  
few " s u r p r i s e s "  happening  t o  unwary owners  who have  b u i l t  
t o o  c l o s e  t o  t h e  o l d  s h a f t s .  

0.8/85.7  E n t e r i n g  S p a r k s .  Con t inue  on Wedekind Road t o  t h e  
i n t e r s e c t i o n  w i t h  North McCarran Blvd .  

0.3/86.0 TURN RIGHT o n t o  Nor th  McCarran and c o n t i n u e  s t r a i g h t  ahead  
f o r  3.9 m i l e s .  

3.5/89.5  Downtown Reno a t  9:OO. 

0.4/89.9 I n t e r s e c t i o n  w i t h  North v i r g i n i a  (U.S. 3 9 5 )  S t r e e t .  T U R N  
LEFT o n t o  ~ o r t h  v i r g i n i a  S t r e e t .  

0.5/90.4 Lawlor E v e n t s  C e n t e r  and t h e  u n i v e r s i t y  o f  N 
t h e  l e f t .  

0.4,/PO.8 Immedia te ly  past. l a r g e  b l u e  s p r u c e  .trees o n , l e f t ,  t u r n  l e f t  
i n t o  t h e  U n i v e r s i t y  of  Nevada-Reno campus a t  t h e  Old Gym.  
E N D  OF ROUTE 3 .  
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