
I ro ihi'

si fsncaj

turn 1s1t '

slng. ts€,
)  6nd t i i l

nak6 ut -
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ght  6ra

tac i  bf :

r lgh i : :

1 0 . l  t  s r o P  t .

oul td r .1 lne ef tb6r  of  lh6 l .4 lckey Pass Tut f

t , r  dei .chnent  fao l i  conl .c i  ovor  pre-

T s r t l . r y  r o c k s .  T h e  S l n g a t s e  T u f t ,  t o r m -

t i 9  t n e  r l d g e  c r s s t ,  l s  l .  d 6 t a c h n 6 n i

t ! ! t i  c o n f . c +  o v 6 r  t h e  G u l l d  M l n 6  U o n b 6 r .

T o  i n e  e 8 . t  l n  i h l s  c a n y o n  r . l l ,  t h €  G ! l l d

t l ie  l . l6nbsr  rodges out .
c l l n b  h l l l  o n  t h 6  n o r l h  s l d 6  o f  t h e

r lsh to rh l j lsh oulcrop . long th6 pre-

Tor i lary_Tert l6ry contacl .  Roturn lo

40.45 SToP 6.
( T l n €  p € r m l t t l n g ) .  J l s t  a r o u n d  b 6 n d
l n  l l l l d h o r s €  C a n y o n  ! t  r 6 s n t r 6 i t  l ' |
canyon e.  |  |  (  gu I  ly  lo  ih6 e.st )  .
C l l m b  1 0  € x p o s u r € s  . i  h e a d  o t  s u l l y
i o  v l e r  i h e  d e t a c h m e o l  f . u l t . 1  t h 6
b r s e  o f  t h €  S l n g a t s 6  T u t t .

R6turn to vehlc l€s .nd ret race
r o u i o  b . c k  d o * n  t l l d h o r s s  C r n y o n  t o
r a l l r o a d  l l n € .

1 t . t  A i  r a l l r o . d  c r o s s l n g .  F o l l o i  . o 6 d  o n
r6st  s ld€ of  l racks to the sout l , .

THE GA88S YALLEY RAIIGE.-A IELL-EXPOSED
SEGMENT OF THE |ALKER LAIIE

ix t lEsT-cENTiAL NEyAoA

E .  B .  E K R E N ,  U . s .  G e o l o g l c a l  S u r v € y ,

F .  M .  B Y E R S ,  J R . ,  L o s  A l a n o s  S c l o r r t l f l c
L . b o r a t o r y ,  N 6 N  M e x l c o .

AASTnACT

F o u r  n o r l h r € s l - s l r l k l n g ,  e n  e c h 6 l o n  r l g h i -
s l  l p  t d u l t s  l r e  e x p o s o d  I n  d n d  . d J 6 c e n l  t o
t h e  G . b b s  V a l l 6 y  R a n g e  I n  r o s t - c € n t r a l

TERTIARY . !,J. CENTRAL NEVA}A

T h e s 6  f a 0 l i s ,  i o g € i h e .  r l l h

6 0 . 2  R 6 l l r o a d  c r o s s l n g  a t  t h o r t r e  ( f o r m o r
r . l  l r o . d  d e p o i  s l t € ) .  T u r n  r t g h i
( r € s l )  o n  b l a c k t o p  1 0 6 d .  P a s s
through ordrrnco tac l  I  l ly .

6 4 . 0  J u n c t l o n  o f  B o n . n z a  R d .  ( c h a l n - t t n k

t 6 n c s d  c o n p o u n d  o n  t h 6  r l g h t ) .  T u r n
l e t i ,  c r o s s  1 6 t l r o € d  t r 6 c k s ,  . i d
proco€d 1o H.vthorne.

65.45 i4 .Jor  In iersecl lon Just  pas- t  cer ie-
i € r y  o n  r l g h +  ( r 6 s t )  s l d e  o f  r o 6 d .
Proce€d s1r€ lghi  6hoad throt rgh In ier-
s o c l l o n  a n d  s t r . l g h t  . h 6 r d  . t  n € x t
s l o p  s l g n  o n + o  F  S t r e 6 i .  P r o c 6 6 d
a b o u i  5  b l o c k s  t o  l n €  E l  C a p l l a n
Lods6 (Bosi  i les16rn Moie l )  and Ca-

66.0 EtD or sEco D oAY RoAD LOG.

n o r i h ! , 6 s t - s i r l k l n s  t a ! l t s  6 x p o s o d  l n  i n €
C l l l  l s  R a n g o  € n d  l i a l k e r  v a l l e y  t o  i n o
r 6 s + ,  l l €  r l t h l n  i h e  v a l k e r  L a n €  s t r u c -
- i u r 6 r  z o n e  a n d  h a v 6  6  c o f t b l n € d  d l s p l 6 c 6 -
m e n t  o t  4 8 - 6 0  k & .  I h e  f o u .  f 6 o l t s  l n  . n d
adJsc€. t  to  th€ G6bbs Val ley R6n9e prob.b-
l y  h a v e  a  m l n l o u n  o t  4  k n .  d l s p l . c e m e n t
€6cn,  and the t ro a6slornnost  f !u l ts  hay
h a v e  d l s p l 6 c e n 6 n l s  a s  g r 6 6 t  6 s  l O - 1 5  k m .
e 3 c h .  1 n  a d d l i l o .  i o  t h e  f o u r  n o r t h { e s t -
s l r l k l n 9  r l E h l - s l l p  f a o l t s ,  s 6 v e r . l  n o r i h -
e 6 s t - s t r  l k  l n s  c o n j u g a t 6  l e f + - s l l p  f . { l t s
6ro pr€s€ni .  Th6 mos+ lmpor lant  of  these
c o n J u s a t €  r r 6 . c h - s y s t e m  f 6 o l t s  l l e s  J u s t
66st  o l  the l lon ie chr ls to R.ng6 lnd ls  th€
o n l y  f 6 u l i  I n  i h 6  r 6 9 l o n  l h a t  s h o r s  € x i o n -
s l v 6  a s s o c l a t 6 d  d r . s  f o l d l n g ,  T h l s  t a u t t
d r € g s  b 6 d s  o a  c o b b l e  c o n g l o n 6 r 6 t 6  f r o m
ior tho.s i  s i r lk6s ln  oxposur€s s6v6r6l
k l l o m 6 + 6 r s  o a s t  o f  i h €  f 6 u l i  z o n €  1 0
nor ihr6st  rnd {€s+ s i r lk6s adJ.c€nt  to  ihe
f 6 u l t  z o n s .  T h l s  n . J o r  f . u l t  p r o b n b t y  h a s
a t  l 6 . s +  l 0 - 1 5  k n .  o f  l e f t - s l l p  d l s p t a c o -

L l s i r l c  n o r m 6 l  I 6 u l i s  ! 1 6 . b u n d . n +  l n
s e v € r a l  l o c . l l + l 6 s  a l o n s  l h e  G . b b s  v . t  l 6 y
R a n s € .  T h 6 s e  s i r l k €  n o r t h r 6 s i - - p . r a l l e l
i o  i h 6  r . n 9 6 - b o u , ' d l n 9  r l g h i - s l l p  f a u l i s - -
a n d . r e  p r l n c l p . l l y  d o r n  t o  t h e  r e s l .
r 6 r t l . r y  v o l c a n l c  r o c k s  a p p 6 6 r  t o  b €
d e t a c h s d  f r o m  + h 6  u n d e r l y l n s  M € s o z o l c
b a s e m 6 n t  r o c k s  l n  m o s t  l o c a l l t l e s .  T h 6
d e l . c h n e n +  f a u l t l n g ,  r r e n c h  l € u l + l n g ,  a n d
l l s t r l c - n o r n a l  f a u  l + l n g  i e r €  s y n c h r o D a l
. n d  r e c o r r € n t .  S i r l k 6 - s l l p  f . r l + l n g  a t o n s
n o r t h r € s t  f r e n d s  c o t r m € n c e d  r b o u i  2 5  m . y .
r g o  a n d  h . s  p s r s l s i e d  l n i o  r e c o n l  t l m e s .

20t
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FIGURE l :  tnd€r n.p ot N6vrd6 shortng t . tker L.n6 siructordt zon€
:: : : t : .  

. i . " . .0.  to In ihts r .port  ond In f lardyn,n ( ihls votune).

;#"r"."*" 
on d.16 from r.J. car. (rrtrten _r""".., rnrr_ro-i,

60d I  oc. t  ton ot  qo.d-
l ld th of  | ! t t€r  ! .n6

.Dd Ekr€n and o+hsrs

I NTRO0UCttoil

T h e .  G . b b s  V a l t e y  R a n g e  . n d  v t c t i t r y  I n

::: l-:: l l i :r .No,.da rs ve.y Inr surnegeorogrc.  y  b6c.use th6 . rea s i roddtes
r h e  c 6 n o u o t c  v 6 l t e r  L a r e  s t r u c + d r ! t  T o n o
. r _ r  

' 9 .  l )  l n d ,  I n  . d d t i t o n ,  o s  r t t h t n  , h er '16sozolc Luntng e ' Ibaynont  ot  Fe.guson .ndM U r  r € r  (  r 9 4 9 )  a . d  q s  6 r  . n d  F € r g u s o n( 1 9 J 9 ) .  T h e  a r s .  € s  n o r i h  o f  + h 6  p . n _
c.ke Rang€ nesnonl  (Ft9.  2)  rhtc i  narks
. . c h 6 n 9 e  t r  f h 6  i . c l o n t c  r 6 b r t c  o l ' h e
rr r (er  L.ae.  North or  tns ne.oenr
s t r , k € - s l l p  f r { t t s  . r e  c o n s p t c u o u s  6 n d  er r r h r n  r  r e t . i t v e t y  n . r r o i  z o n € ;  s o u r h  o fT h o  I  l . 6 . n e n t  t h 6 y  a r e  n o t  € . s t  t y  d l s _

: : :1 : "  " "1 
rh6 ran6 ts  chor .crerrzsd by !Dro.d 169lon of  d,s t r tb l j i€d sh€6r tEkr€n

a . d  o t h € r s ,  1 9 7 6 ) .
T h s  p r l n c t p . t  s e d t n e n t . r y  r o c k s  r t . t h t lr h e  e n b a y n a n +  c o r s t s i  o r  s h . l t o ,  r s r l i o

c! .bon6i6s and ct .s t tcs dnd d6eD n:r tns
t l l r b l d l l e s  o t  T r l a s s l c  . n d  J u r 6 s s r c  s g e( U o l l € r  a r d  F € r g u s o n ,  t 9 J 9 r  E k r e n  6 n d
a y o r s ,  I r  p r 6 s s  . ,  b ,  c ,  d ) .  S s d t n 6 n r . r y
r o c k s  o t  p a t 6 o z o t c  a g e  a r s  € b s e n t  o v 6 r . i
ext r€n6ly bro.< l  . ro. ,  .ppar6nl ty  f idv l19
Ds6n orod€d f ron the are.  pr tor  ro rn6
encroachmenl  of  the osozotc sea , id
deyeropf tent  ot  th6 L{ntng € i l |baynent ,

S € d l n e n t a r y  r o c k s  o f  T r t a s s t c  , n d
J u r . s s l c  6 g e  r o r e  e x l o n s t v s l y  f o t d € d . . d
l n r u s t  f . u l t € d  d u r l n g  t h €  J u r l s s t c  p € r r o o
(Ferguson 6nd t4ul  t6r ,  1949) .nd subso-
quonl ly  rero Int ruded by num6ious r , rse
i t .ss€s of  t lesozotc b6tho tntc  rocks ihr l
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'  l + h  I n

FIGURE 2:  Rel lo f  n6p ot  p. r t  o t  €.s for .
s i r lke-s l  lp  tar l ts  lnd geogrrpnlc foaloros
( th l !  vo lume).  Photo t ro |n Ekr€n .nd oth6rs (

r 6 n g o  I n  c o n p o s l t l o n  t r o t l '  d l o r l t e  t o
s r a r l t e ,  T h 6  b r i h o l l t h l c  r o c k s  a r e  s p . -
i l . l t y  . n d  t e n p o r . t l y  p l r l  o f  t h 6  S t e r r a

t4esozolc b.sehont  rocks nad bs6n d€sply
. rod€d and th6 pal€o+opography r ls  subdued
r h a n  i h e  f l r s t  T e r t l 6 r y  v o l c . n l c  6 . { p l t o n s
occufed.  Those €rupt lons s+.r ted about
2 9  h . y .  a g o  6 n d  € n d e d  a b o u +  5  n . y .  . s o .
s t r n i l g r . p h y  o f  t h e s 6  v o l c . n l c . o c k s  l s
d o s c r t b e d  I n  d e t ! l l  l n  E k r e n  r n d  o t h 6 r s
( 1 9 8 0 ) ,  a n d  t h s  s t r . l l g r . p h y  6 n d  p e t . o
gropny ot  lho t {esozolc rocks.r€ d6scr lb6d
l n  n l t e r  a n d  F € r g u s o n  ( 1 9 r 9 ) ,  E k r e n  a n d
B Y € r s  ( l n  p r e s s  a ,  b ,  c ,  d ) , . n d  H 6 r d y n . n
{  1 9 7 8 ,  l 9 8 0 ) .

Ihe obJect lv€ of  lh ls  p6por ls  to
d € s c r l b e  i h e  p r t n c l p 6 l  [ 6 l k € r  L d n 6  s t r u c -

C. l  I torn l .  and r€s lorn N6v6d.  sho* lng n.Jor
r6f6rrod to l .  th ls  rcpor t  !nd In H.rdyr .n
1 9 7 6 ) .

t o r e B  l n  t h 6  G 6 b b s  Y 6 l l € y  R l n g e .  E x c € l -
l€nf  exposur€s or  ' the roc&s In th ls  ruqg6d
range roveal  cer ta ln f . ! l ts  th . t  seeh to
b e  a n  I n t e s r . l  p a r l  o f  s t r l k e - s l l p  t a u l t
s y s t e i ' s  r h € r 6 v e r  s t r l k € - s l  l p  t ! u l t l n g  c . n
be docum6nt6d In the B.s ln 6nd Range
p r o v l n c €  I n  N e v a d a .  T n e s o  s t r l k e - s l l p  a n d
r € 1 . 1 € d  t 3 l , l t s  l n c l u d e  d 6 t . c h m € n t  f . u l t s
. n d  l l s i . l c  n o r n 6 l  f . ! l t s .

RIGIIT-SLIP FAULTS

INDiAN HEAD FAUL-T
T h e  i e s i e r n m o s l  r l g h i - s l l p  f a u l t  I n  t h e
G s b b s  Y ! l l e y  R a n g e  r i d  l f t n € d l a i e  v l c l n l t y
l s  t h 6  i n d l a n  H e a d  f . u l t  ( F l g . 5 ) ,  n . r 6 d
r o r  a n  6 r o s l o n 6 l  n o n o l l t h  o f  b . s . t r  i s € e
l - 1 5 7 8 ) .  R l E h t - s l l p  d  l 3 p  l a . € m e i t  a l o n g

)  fho

ihd i
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t l c . l l y  . f l € c t e d  b y  l l s t r l c  n o r m ! l  f a u l l s

t ron .n ar€6 +o tho soulhres i  Hh€re such

f ! u l t s  h a v s  n o t  b o . n  p o s l t l v e l y  l d o n t l -

n h t s  l a u l i  . n o u n i s  t o  s l l g n i l y  n o r €  t h a .  4

k n , ,  b . s e d  o n  1 _ h e  o t f s € t  o f  a  s l ' € € P l y

d t p p l n g  m a r k e r  b s d  I n  i h e  L L r n l n g  F o r n a l l o n

o f  T r l 6 s s l c  a g e  I n  t h e  v l c l n l t v  o f  r . 9

N , ,  R .  5 t  E .  ( s e o  l - 1 5 7 8 ) .  s o u i h e i s t  6 f

ih ls  .16! ,  th€ f .u l l  s .p. .6tes bodrock ot

t 6 s o z o l c  6 s e  t r o m  a l l i , v l u m  o f  Q u a t € r n a r v

6 i d  T o r i l a r Y  6 g e ,  b u i  o n l y  I n  o n o  l o c . l l -

t y ,  n e a r  6  s f , . l l  o u t l l 6 r  o f  c r o t 6 c € o u s

g r a i l l l c  r o c k ,  d o e s  t h €  f . u l t  s h o i  a s  6

r e t l  d e f l n 6 d  t l n e 6 n e n +  o n  a e r l 6 l  p h o i ' o _

g r d p h s  ( F | 9 . 4 ) .  T h e  € x t e t s l v o  € r o s r o n  o t

i h o  s c a r p  6 t o n g  + h e  i e l l - d 6 f l n o d  l l n e . m e n t

suggssts th! f  th€ l6 t€st  movemont a long

t h l s  t a u l t  r € s  p r o b t b l y  P l 6 l s i o c o n d  I n

6 9 e .  T h €  l l t e  o t  6 a r l l s s i  s o v e n e n l  a l o n g

i h e  l r l d i . n  H e a d  f . ! l +  l s  n o t  e . s l l v  d e c l _

p h 6 r 6 d ,  T h e  6 b u n d . n c e  o f  l a n d s l l p p o d

d e b r l s  b s n e a t h . 5 . 8 - m . y . - o l d  b  l 6 c k  l 6 t l t 6
( s 6 e  i - 1 5 7 4 )  s o s n  l n  e x p o s u r e s  € . 3 t  o f  t h €

l . u t t  s u g g € s l s  6 x i - € n s  l Y o  d l s P l a c o n € n t

p r l o r  t o  t h e  t a t l t €  l . l t u s l v s  a n d  € t + r u -

GIIMDROP Hi  LLS FAULT
T h l s  l . u t t  l s  6 l m o s +  c o t i l n u o u s l y  e x P o s o d

f r o m  t h €  n o r + h r e s +  c o r n B r  o f  T . 8  N ' ,  R .

1 4  E .  I n  S o d a  S p r l n g  v a l l e Y  t o  N u g e . t  l l a s h

l n  t h 6  s o u t h e 6 s t  l / 4  o f  T .  1 1  N . ,  R .  l l
l /2  E.  Th6 f .u l t  coni lnues nor th iest  f ro i '

Nug€ni  16sh for  !nother  24 kn.  and ls  a
naJor f .u l i  through ihs no. fhe.s l  p . r t  or
i h o  n o r + h 6 r n  G l t l l s  R a n g e .  H € r €  ( F l g .  J )
.  M 6 s o z o l c  g r . n l t 6  l s  o t f s e t  a b o u t  6 . 4  k B .
. t o n s  t h e  { a u  l l  ( H . r d y ' n a n ,  1 9 7 8 ,  1 9 8 0 )  .
t n  l h o  v l c l n l l y  o f  s o d a  s p r l n g  v a l l e y ,  r h €
f 6 u l t  d t s p l a c e m e n t  l s  n o i  p r s c l s 6 l y  k n o i n ;
h o r s v e r ,  o n  t h e  n o r t h  f l 6 n k  o f  t h e  v a l  l e y ,
l 0  k n ,  n o r t h  o I  L u n l n s ,  s i e e p l y  d l P P l n g
s s d l m e n t . r y  r o c k s  o f  T r l . s s l c  . g e  I n i e r -
s e c t l n s  t h 6  f 6 u l t  a l  a  h l g h  6 n g l €  o n  t h e
e . s t  s l d e  ( l n  i h e  o o r l h r e s i  c o r . 6 r  o f  T .  8
N . ,  R .  J 4  E . )  a p p € r r  t o  h a v e  c o r . 6 l a t l v €
r o c k s  ( r l s o  s t e e p l y  d l p p l n g )  o n  t h €  r e s t
s l d e  o f  i n e  f a u l l  a b o u i  9  k n .  i o  t h e
n o r i h r e s t ;  h e n c e ,  t h e  6 c i r a l  d l s p l a c € m e n t
l s  l n f e r r e d  t o  b s  c l o s e  t o  t h l s . p p a r e n t
of fset .  l i lost  of  th6 d lsplac€m6nt  prsd.+es
6  5 . 8  m . y .  o l d  ( E k r € n  s n d  o i h € r s ,  1 9 8 0 )
b l . c k  l . l l t 6  I n i r u d o d  6 n d  e x l r u d e d  6 l o n g
t h 6  f . u t +  ( F t s . 5 )  I n  T .  l 2  N . ,  R . 3 2  E .

T h e  G u m d . o p  H l l l s  t a u l t  l s  o {  s p e . l a l
rn ior€s i  bec.use l l  s€p6r. t6s an are.  to
' tne 

nor th6ss+ th. t  cont6 lns b locks dr .na-

BENTON SPRING FAULT
T h l s  t . u l t  l s  n t h e d  f o r  B o n t o n  s P r l n g ,

t o c a t € d  a b o $ +  1 . 6  k m .  n o r t h  o f  t h o  f o r n -

s h l p  l l n e  b s l r o € n  T '  8  N .  r n d  T . 9  N . ,  R .

1 4  E .  T h e  f a u l +  r 6 s  t l r s t  r e c o g n r z € d  6 s  6

r l g h t - s l l p  i f l a r r  b y  F € r g u s o n  a n d  M u l l 6 r
( 1 9 4 9 ,  p .  1 4 )  v h o  I n f o r r € d  6 b o t r i  4  n l .
( 6 . 4  k n . )  o f  h o r l z o i t a l  n o v R m e . r t .  N l 6 l s € n
( 1 9 6 t )  p o s i u l a t o d  a  d l s p l . c e n e o i  o f  . 1

l e . s l  6 . 4  k h .  a n d  p o s s l b l Y  a s  r u c h  a s  l 6

km. f6 bel  l€v€ thnl  the Cr6i6c6ous sran l -

l l c  p t u t o n ,  e l i h  l l s  s t e o P  s o u l h  c o n f c t
v l t h  c o u n l r y  r o c k  6 x p o s e d  o 6 s l  o f  H l s h i a v
2 l  ( F I s .  l )  h a s  b e € n  d l s P l . c € d  4  i o  6  m l .

{ 6 . 4 - 9 . 6  k m . )  l r o m  l t s  o r l g l n a l  p o s l t l o n

o p p o s l 1 6  + h e  s r a n l i e  t h a i  s t r l d d l e s  t h o

r a n s e  t l n €  b € i r e a n  R s .  5 t  a n 4  1 4  E . ,  ' t .  9

N .  T h e  1 6 1 1 _ l . r y  r 6 l d € d  i u f t s ,  d e t a c h € d  a i

t h 6 l r  b . s e s  o n  b o l h  s l d e s  o f  l h o  B 6 n + o n

S p r l n s  t a u l t ,  n 6 i / o r l h 6 l e s 3  s h o i  6  r l 9 h i _

s l l p  d t s p l a c o m e n t  o f  a b o l l  I  k h .  r h r s

s u l g e s + s  i h 6 t  t h €  n o v o m e n i  . l o i 9  t h l s

r l g h + - s t l p  f a u l i  l s  e n t l r e l y  T € r + l 3 r v  I n

r g €  . s  d € d u c e d  € 6 r t l e r  b y  F e r g l s o n  . n d
M u l l e r  ( 1 9 4 9 ,  p .  1 4 ) .  S l m l l a r l i l e s  o f

d l s p l . c € n o n i s  € t s o  s u g g 6 s i  t h t t  i h s  d 6 _

t . c h m 6 n + -  f a u  l t  d l s p l 6 c o m 6 n l s  6 r €  m l n l n 6 l .

A t l  t h e  r t g h + - s l l p  f a u l t s ,  I n c l u d l n s

t h €  P € + r l t l € d  S p r l n g  f . u t t  ( s e e  l a t e r
p . s € s ) ,  h 6 v €  b r € c c l a  € i d  s o u g e  z o n € s  i h a t

v 6 r y  l n  t h l c k n e s s  f r o d .  f e r  n e t e r s  i o

s e v a r r l  t e n s  o f  h e t 6 r s ;  l h e  r l d o s i  o f

lhes€ zones ls  .ssoclatod r l th  ihe B€nton

S p r l n s  l a u l l .  i n  p l a c e s  . l o n g  t h l s  f a u l i ,

t h €  M o s o z o l c  s r a n l t l c  r o c k s  6 r e  m e c h a n l -

c 6 l l y  s r o u n d  d o i n  i o  t h o  c o n s l s t e n c y  o t

c o 6 r s e  s a n d  f o r  6  d l s t 6 n c e  o l  1 0 0  f , .  o r

m o r e  € r l y  t r o n  i h e  f a u l l  ( r 1 9 .  6 ) .  T h o

n l n 6 r a l  c o n s t l t u e n t s  I n  t h €  i s a n d "  a 1 6

f 1 6 s h .  l n  c o n t r a 5 l ,  i h €  T e r i l . r y  v o l c 6 n l c

r o c k s  6 d i a c a n t  t o  t h o  t a u l t  a r €  e x r o n s l v e _

l y  € t t o r e d  a n d  l o c 6 l l Y  I m P r e s n a i e d  v l t h
pyr t te 6nd gyPsum ot  presumod hydrothornal

o r l g l n .  A  c o n b l n a t l o n  o f  g o u g €  6 n d  6 1 9 l l -

l l c t l l y  . l t s r e d  v o l c u i l c  r o c k  l i  z o n o s  a s

\ i l d 6  . s  l 0  n .  t s  p r o s o n t . l o n g  t h e  f 6 u l t

b e i y s € n  l h e  s a n d 6 d  g r 6 n l i s  a n d  r € l 6 t l v € l Y

l n t a c i  { 6 l d 6 d  1 _ u f I  o r  o l h o r  v o l c . n l c  r o c k .

T h 6  f o u l t  c o n l r o t s  i h e  s l l e  o l  B e n t o n
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HARDYI4AN ANI OTHERS

F i G U R €  4 :  F a u l t  s c . r p
s c a l e ) .  D e o p  € r o s l o .  o f

l i  o l d e r  f a n g l o m e . s t 6  d l o n g  t h 6  t n d t . n  H e a d
s c a r p  I n d l c a t o s  a  P l 6 l s t o c e n €  a g s .

f € u l t  ( s 6 e  F l ! .  I  i c r

F I G U R E  5 :  y t e r  i o r i h v a r d
G u n d r o p  u l l l s  f . u l t  s o u i h  o f

.

o l  b l a c k  l € + l t 6  { 5 . 8  m . y . ) In i .ddod 6 .d  6x t ruded s long t r '6
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F I G U R E  6 :  ! l € r 3  t o o k l n g  n o r t h r . r d . t  n s . n d e d n  g o u s €  z o n s  r l o n g  t h 6  B e n t o n  s p r l n g  f r u l i :
^ '  d l s t . n l  v l o  t t h  . f o r s  s h o r l . g  r l d l h  o r  g r o u n d - u p  r s . n d 6 d "  g r . n l t e  o n  , e s i  s l d 6  o f
r . u l t ;  r h l t 6  z o n 6  l s  g r o u n d - u p  h y d r o i h 6 r m 6 l t y  a t t e r € d  r e l d o d  t u t t ;  s l o g . t s e  r u l f  o t  t h 6
E o n l o n  s p r l n s  G . o u p  t o r n s  b l u f f  o n  s o s t  s l d 6  o t  f . u t i ;  B ,  c l o s 6 - r p  ! l o r  o t  s . r €  o u + . r o p .
0 i  b o i n  v l e r s ,  d a r k  r e c t . h s u l . r  p . t c h  r l t h l o  c l r c l 6  o n  H h l t e  g r o u n d - u p  1 ! t f  z o n o  t s . 1 2  x
r t  f o o t  + . r p . o l  I n  f o r  s c . l € .



HARIYMAN AND OTHERS

s p r l n g  s n d  o t h € r  s p r t n g 3  I n  t h e  G 6 b b s
v a l t e y  R a n g e ;  + h €  s p . l n g s  t s s u s  r r o h  + h e
c l . y 6 y  t r u t t  9 o u g 6 .  I h o r 6  s  c k e n s t d e s
. 1 6  v t s l b t 6  . t o n g  t h e  v . r t o ! s  f 6 u , i  s u r _
r .c€s,  they ar6 n66rty  overyrhere hor tzo._
i . t  o r  s u b h o r t r o n . f . t ,  I n d l c a t t n g  s t r t k 6 _
s r  r p  n o v 6 n 6 n t .

,  
A g a  o f  f a u t t t n g  6 t o n g  t h e  B o n + o n  s p r t n g

J . u l i  e d . t s  6 t o n e  i h e  p € r r t f t e d  s p r t n e
t 6 o l t  ( s € €  t . t € r  p a r . g r . p n s )  c 6 n  b a  d € _
o o c € d  b y  s o v e r a t  I  I n s s  o ,  s r l d e n c 6 .  t h e
t u r f  o f  R e d r o c k  C . n y o n  ( E k r e n  6 n d  o + h e r s ,
1 9 8 0 ;  6 n d  i - 1 5 7 7 )  r e s i s  o n .  v a r t 6 r y  o f
J ! n d - s l  l p p e d  d e b r t s ,  I n c l u d t n g  g r . n t t e
D o u r d s r s  s € v 6 r 6 l  n € t e r s  I n  d t a f , e i e r .
These.  d€br ts  zon6s 6re conr lned ro our-
crops In th6 . rea betroon th€ s€nlon
s p r l n g  a n d  p e l r t t t e d  S p r t n g  f a ! , f s  a n d
s € e m  t o  b e  h o s t  € ! s t t y  e x p t a l . e d  d s  p r o _
d u c t s  o f  I n i e n s e  s i r t k e _ s t  t p  f . u r r t n g .
Th€ +uf f  or  R€drock C6ny.n Is  6t ros+ 24
n . y .  o l d  ( C k r e n  a n d  o t h 6 r s ,  t 9 8 O ;  R .  F .
M . r v l n ,  r r t t t 6 n  c o n n u n . ,  1 9 8 r \ .  D 6 o r r s  o ,
r . n d s j  t d e  o r l g t .  I s  p . e s e n f  . t s o  . t  r L r f i e r _
o ' i s  r o c . t t t t e s  b e n o 6 t h  f h e  l o v 6 s  o r  M o ! n t
F e r g u s o n ,  i h t c h  a r €  p r t r c l p o t t y  6 b o u t  2 2
r o  t 5  n ! y .  o l d  ( s € 6  l _ t 5 7 7 ,  l j 7 8 ) .  F u r _
a h e r n o r € ,  I n  t h e  N E t / 4  T .  t O  N . ,  R .  J t  E . ,
.  o . J o r  f . u t i  r h 6 t  s t r t r ( 6 s  s o b p 6 r . t t 6 t  + o
r h o  a € n t o n  s p r t n g  f . u t t  s h o r s  o v t d e n c €  o f
b o + h . v 6 r t t c a t  6 n d  h o r l z o n t a t  n o t t o n  p r t o r
J o  l h 6  d o p o s t  o o  o r  t h s  p o t n s e t t t 6  y u r f
M e m b o .  o f  + h e  H u - p r t  R h y o d 6 c t t € ,  i h t c r .  h a s
b e s n  d . t € d  6 t  2 ?  + o  2 4  n . y .  ( E k r e o  6 n d
o t D s r s ,  I 9 8 0 j  6 n d  t _ 1 5 7 r , 7 8 ) .  l h 6  f u t ,
r a s  d s p o s t t 6 d  6 9 a t n s t .  p r e e x t s i t n s  r 6 u r r

s u b s e q q e n l  t y  t a u  I  1 6 o  p r t o r
r o  f h €  d € p o s t t t o n  o f  f h e  t . v ! s  o t  M o u n t

PETRI FI  ED SPRiNG FAULT
I h l s  t 6 u t i  t s  n . d E d  . r t € r  p € t r r r t s d
S p r l r g ,  r i t c h  t s  t o c s t € d  . b o u t  t . 6  k h ,
r 6 s t  o f  i h 6 . e a . o s t  s p t 6 y  o f  + h 6  r 6 u t t

l . l s .  
: 1 .  I h e  I r u t r  J o x + a p o s o s  v r r t o u s

r .v6s of  Moun+ Fersuscn tnai  havs no
rscog.  t  rab t6 narker  ho. tzons,  th€r€fore,
? h e  a o o u n t  o f  d t s p t 6 c 6 n e n t . t o D g  t h e  r s u t r
c .nnot  bo .ccurat€ty deterntn6d.  Rec€nl

T: fg l "g  by  R .  F .  Hard ) ,nsn  (o r , ,  commu ' | . ,
t98 l )  ln  ihe C6d.r  l r iountatn ar6a e.s l  o f
ine f .u l i ,  hoy6v6r,  r€ve6ts the pr€so.co
r n € . €  o r  + h e  t u f f  o r  C o p p € .  l o u n , . r n  a n d
r u r r s  o l  f h o  B o n f o n  S p r t n g  c r o u p  ( E k r e n

6 n d  o t h o r s ,  t 9 8 O ) .  T h e s s  o c . , , . _+he 
_ c6dr r , lounta tns sugso.t- '  

'  enar r1
o r s p r d c € n s n l -  a t o n g  r h t s  r a u r + _ - - _ 1 .  t r , , .
+ h e  o . d 6 r  o f  I 6  k n .  o r .  z ,  - " - t " " b l ,  i ,
b.06d drsrrtbutron . .""  or 1, , j  i -" i , " ' t .ur,
t h o  v t c t n t t y  o r  t r e  t o v n s r r r .  - l ' l s .  r r
r .  a  . n d  o  N . ,  q .  r r  E . ,  , ; .  ; ; : , 1 " : * ' '
s c . r p s  d n d  s h u i t 6 r  . t d g o s  v h e r 6  , . , o r r 1o r d e r  6 l r u v l u n  ( F t g ,  J ,  Q T ! ) ,  c l t t

T h €  p 6 l r  I  f  l 6 d  S p r t n g  f a { t f
In to  s l€ id r r  v " r r "y  r i i . " "  " "1"  p ' l Jqr ,
1 e 1 6 ,  p .  7 )  o . t " o . "  1 , .  ; ; , ; ' ' " . " t 1 " . ' ,

:::-_:"..": .i**:,". ";..;;",."iill-J ;ls r 6 r . r r  v . r  t e y  b y  M .  M o  n 6 r t .
c o n m u n . ,  I 9 s J ,  t r u "  o " r t n . r  

' ' . , ' t t ' j t . t

r ' u r  r - r e r .+sd , r . , i , J l ; ; ; " , ; ' : l ' - . , ' o
11r,1".".",. ""0 "lrt" '"-ri"""ir ' ;"; i#il;on-€6dar t4ounl . ln  ihat  ,orn6d dur tns f ioef thq{ak6 of  t9J2 *er6 regarded by ct i -n e t . t a  n n d  C .  a g h 6 n  ( l 9 l , l )  . s  I n d t c .  r !r rgh+- l .1616t  hor tzoniat  nov€ner i

:l::':: "ron:.''" "';;'-:, ;;;;;';:,",;::
, . r l h  t h 6  e 6 r t \ q u . k q  d . t 6  o f  I 9 1 2 ,  , n o t c d t 6
t h 6 .  l l k e  n o o d  o r  c o n t r n r t n g  e o r . n q s 5 1 .
. c r t v t t y  d l o n g  + h t s  s y s r e D  o f  r t q r r - s  p
f a u l + s .

LEFT-SLIP FAULTS

l :11- "1 ,0 .  . t . , ' *  sporaorc . | f
throughoui  t 'ho nap ar6s.  rhe nost  spsc-
iacular  ot  th€se cuis  ihroogh Gabbs va oy
along ihe e.sf  t t .nk of  the Monro cr ls io
R a n s e  t F l 9 .  f ) .  T h e  f 6 u t t  t s  p o o r t y
€rposed conp.16d , t th  rh6 r to, r r_s p' . u l t s  d 6 s c r t b e d  6 . r t t € r ,  b u t  t + s  i o c a r r o r
can be accor . i€ ty  d6 n€ated b€carso or
t h €  o c c u r r 6 n c €  o f  . e 9  t o n a  !  d r . s .  T h e
e 6 s + - d l p p t . g  c o b b t s  C u e s l a  t y t n g  J { s r  6 o s r
o t  t h €  t a u t t  ( F t g .  J  a n d  t _ 1 r 7 9 )  h 6 s  b o o n
d r a g g € d  f r o ' l  .  r e g t o n 6 t  N , 4 0 .  E .  s t r t k €
1 o  N .  1 0 .  N . , . n d  f t n r  y  t o  a  l i 6 s t € r t y
st r lke .dJocent  to the faut t  zono.  Tho
l 6 f l - s l l p  f . u t i ,  l t s e t f ,  s l r t k e 3  6 b o u f  r .
10-40'  E.  The h69,r t tud6 of  drag assocta-
l e d  r l + h  t h t s  r r ! t t  t n  t h e  r e t . + l v . t y
y o u n s  c o b b t e  c o n g t o t r e r . t e  s u g g € s t  i h 6 t  i h €
i o t a l  d h o u n t  o f  t e f t - s U p  d t s D t d c e n e n +  t s
r . r9o.  The t too+c cr ts to R.ngo on ihe ros. t
s l d €  o f  t h l s  o d o r  f . ! t t  m 6 y  h l v d  n o v € d
sourhi€strdrd !6 kn.  or  nore | .6 la i lv6 +o

T h e  r o c k s  I n  c . b b s  v . t  t 6 y  a r 6  t . d € € d
r e l . f l v e l y  y o u n g  c o f i p . r e d  r o  t h 6  r 6 t d o d
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t ,  t o "n "

p p l n g  I n

s h f - s l l p

ght-s  p

g n i - s l l p

9 '  T h e

tu t fs .  Th€ conglom€raie ihai  caps cobbl€

c u € s t r  l 5  p r o b a b l Y  P l l o c e n 6  l r  6 9 6  ( s e €  l -

g 7 g ) ,  a n d  ' f h a  b a s a l  P a r t  o f  i h €  l n d e r l y -

t n 9  E s n € . a l d a  F o r m a t l o n  l n  t h l s  d r e a  h a s

b € e n  d . i 6 d  3 t  a b o ' r i  l 5  m , y ,  o l d .  r h l q

, r e a . l s o  l s  t h €  s l + 6  o f  r e c o n t  f a u l t

s . . r p s  t h 6 t  f o r m e d  d u r l n g  6 n  € a r t h q u o k e  I n

1954.  The scarps are not  loc. i€d . long

t h e  n a l n  l 6 f t - s l l p  t a u l t ,  b ! t  . l n s t 6 6 d  i h 6 y

occur  . long a.  .dJ6cent  nor th- t r€ndlns

t r ! t t  s h o r l n g  r l g h t _ l a l € r . l  o b l l g u €  s l l p
( s 6 €  l _ l 5 ? 9 ) .

i n d l v l d u a l  l o f t - s l l p  f . u l t s  t h . t  s 6 6 m

t o  h 6 v e  l 6 s s  t t r 6 n  1  k n .  o f  d l s p l a c o m € n t

| ] 6 6 d  r l g h t - s i l p  f a u l t  r h l c h  s 6 p s r a t e s  t h 6

souih6rn e l  |  |  ls  Range f rom th6 Gabbs
y a l l s y  R a n g e  ( F l g .  l i  i - 1 t 7 8 ) .  T h o  l e f i -

s t l p  l a u l t s  o n  b o l h  s l d € s  o f  t h e  r l g h t -
s l l p  f . u l t  s i r l k e  d u e  € a s i  t o  € b o u +  N .  6 0 "

E . - - d l v e r g l n g  c o n s l d o r a b l y  t r o m  i h €  N .

, 0 - . { 0 '  E .  s t r l k €  o l  t h e  n a J o r  l 6 f t - s l l p
i . ! 1 1  l n  G a b b s  V a l l e y  d s s c r l b € d  a b o v o .
T h €  l e f t - s l l p  f a u l + 5  l n  t h e  s o u l h e r n
0 l l l l s  R a n 9 6 . 1 6 €  6 n d  s o u i h r 6 s t  f l . n k  o f
t h 6  G . b b s  V a l l s y  R o n s e  ( F l g .  J ) ,  a p p e . r  1 o
l e r m l n ! i €  . s a l n s t  t h a  i n d l a n  H e a d  t 6 u l ' .
, { t  l€6st  those on ihe o6st  s ld€ of  lho
I n d l . n  H 6 d d  z o n 6  t e r h l n 6 t s  6 s a l n s t  t h €
h. lor  f6ul t ,  yh6reas ihose on th6 rest
s l d €  o f  t h €  2 o n 6  e l i h 6 r  t 6 r n l n 6 i 6  o r
b e c o n e  I n d l s i l n c t . d J a c 6 n t  i o  i h €  f . u l t .
T h s  m a J o r  r l g h l - s l l p  f 6 ! l t  6 n d  i h e  n l n o r
l e f i - s l l p  f a u l t s  p r o b . b l y  f o r n e d  s l n u l -
i r n e o u s l y  s n d  6 1 6  p 6 r t  o t .  s l n g l o  s y s t € m
o r  c o n J  u s . 1 6  , 1 6 n c h  f . u l l s ,

OET CHI{E}IT FAULTS

T h 6  n € . r l y  f l . t  d e l a c h m e n t  f . u l t s  n 6 n -
r r o n 6 d  p r e v l o u s l y . . 6  6 n  l r p o r i 6 n t  p 6 . i  o f
t h €  | € c t o n t c  l a b r l c  o f  t h 6  c e i f r 6 t  t i a l k 6 r
L a n e  6 s  r e l l  . s  f . r t h e r  s o ! + h  t n  i h €  L . n €
( s € s  d l s c u s s t o n  o f  i h €  M e t l 6 i  H t  l l s  s o u r n -
e 6 s l  o i  T o n o p o h  I n  E k r e .  . n d  o + h e r s ,  1 9 7 1 ,
p.  74) .  Bo+h h6ro 6nd southsast  of  To.o-
p 6 h ,  t h s  n r l a i i  f r u t t s  a p ? o 6 r  t o  b e  s y n -
c h r o n a l  r l i h  s t r l k 6 - s t l p  t . o t t l n g  6 n d  a t s o
r l lh  tho de!e lopn6ni  or  numerous r€p€i l -
t l o u s  I l s t r l c  . o r n . l  f 6 u t t s .

T h e  b 6 s i  e v l d e n c e  f o r  d 6 t . . h n o n 1  f a ! r r -
I n s  t n  t h s  € a b b s  Y a l l € y  R . n 9 o  t s  r h e
p r o n o u n c o d  a r g u l . r  d t s c o r d € n c e  a t  + h e
coni .c i  beieeen Terr tary * retded - tuf ls  6nd

TERTIARY _ }l .  CENTRAL NEVAIA

T h €  f a u l i  z o n e  l s  c o n c e 6 l e d

t h €  t l e s o z o l c  b a s € n € n t  r o c k s .  F o r  6 x a n p l o ,
I n  t h e  r a n s o  n o r i h  o f  S o d a  S p r l n g  V . l l e y ,
b 6 t r e € n  R s .  l J  a n d  1 4  E . ,  i h a  i u t f s  o t  t h o
B e n T o n  s p r l n 9  G r o u p  ( F 1 9 .  l ,  T r )  d l p  a s
s t 6 6 p l y  a s  6 0 '  I n t o  i h 6  n a a r l y  f l 6 t  c o n -
t a c i  r l i h  i h e  u n d € r l y l n g  c r e i a c € o u s  g r a -

i ha i  i io

ihroughoul  lh ls  area €rcept  ln  a fer
p r o s p € c t  p l i s r  h o r e v 6 r ,  + h 6  o c c u r r 6 n c 6  o f
d e n s € l y  1 6 l d 6 d  i u t f  d l p p l n g  6 0 ' o n l y  I  o r
4  n .  a b o v e  m 6 s s l v e  9 r 6 n l t €  o r  o t h 6 r  v a r l € -
t l € s  o f  M e s o z o l c  r o . k  l n d l c a + € s  a  s t r u c -
i ! r a l  . o n 1 . c i  r 6 i h 6 r  t h 6 n  6  d e p o s l t l o n a l
o n 6 .  T h e . f , o u n f  o f  d l s p l 6 c e n 6 n i  l s  p r o b -
t b l y  r e l . t l v e l y  s m . l l - - p s r h a p s  n o t  m o r e
than a f6r  tans or  h{ndreds of  m6ters--
6 v e i  t h o u g h  c l a y  s o u s €  . s  t h l c k  . s  I  B .
r . s  s e e n  l n  s o n e  o f  t h 6  p r o s p 6 c - f  p l l s  l n
T .  l 0  N . ,  R s .  J 2  6 n d  l l  E .

D o i a c h n e n i  f . n l l s  h l g h 6 r  I n  t h e  T e r -
t l l r y  s € c t l o n ,  f o r  e x a h p l e  6 t  i h 6  b a s e  o t
+ h e  l a v 6 s  o f  t l o u n +  F e r q u s o n  ( F l g .  J ,  T l l ) ,
a r €  l o c a l l y  s p € . l a . . l a r  r h 6 r 6  t h e r e  a r e
t h l c k  z o o € s  o t  g o u g €  a n d  b r o c c l a i  b u t
e l s o { h € r € ,  f l . i - f a u l i  n o v 6 m e n t s  r r e  d l f t l -
c u l i  t o  p r o v e  d u a  t o  a  l . c k  o {  b r e c . l .  o r
goug6.  The bsst  6xpos6d and documonl€d
d e i a c h n o n t  f € ! l i s  I n  i h l s  r € s l o n  a r e  t n
t h e  n o r i h 6 r n  c l l l l s  R . n g €  l s e 6  H a r d y m . n ,

NORIIAL FAULTS

N o r m a l  f . ! l t s  a r €  € b u n d a n i  i h r o u g h o o t  t h s
G 6 b b s  V a l l e y  R 6 D 9 e  6 n d  v l c l n l t y  , t r o r €  t r o
d l s i l . c t  t y p € s  h a v e  b e e l t  n o i o d :  ( l )

r o p o i l l l o u s  l l s i r l c  f a o l t s  t h . i  f l 6 t + e n
i l t h  d € p t h  . n d  ( 2 )  h l g h - a n g l 6  n o r m 6 l
f a u l i s  t h a t  s h o i  n o  f l a t l e n l n s  a t  t h e
c u r r e n t  6 r o s l o n . l  l 6 v e l  a n d  p r 6 s u m . b l y
pensi ra io d€6p In io tho l l€sozolc crus i .

LISTRIC FAULTS

R e p 6 i l l l o u s  l l s t r l c  f s u l l s  a r e  c o n s p l c ! o u s
f€atures of  ih€ Gabbs V. l l6y Ra.96 be+re€n
l . t .  5 8 ' 4 0 r  a n d  J 8 " 5 2 r  N .  ( F 1 9 .  J ) .  T h e y
6 r e  b e s i  d e v o l o p e d  a n d  r l d 6 l y  e x p o . e d  I n
ih€ Gabbs va I  l€y Rang€ soulh of  Nugoni
f a s h  l n  T .  l l  N .  a n d  R .  l 2  E .  ( b 6 t * 6 6 n  t h o
a e n l o n  s p r l n g  6 n d  P o l r l f l e d  s p r l n s
f a u l + s ) .  j i  s h o u l d  b e  e m p h 6 s l z e d  + h a t
o n l y  a  f e r  o f  f h e  m a J o r  f a u l t s ,  e x h l b l i l . g
d l s p l a e € n a n i s  o f  a i  l e a s t  s e v € r a l  t e n s  o f
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HARNYI4AN AND OTHERS

T " l : : :  
* .  s h o r n  o n  ! r e .  r . n d  o .  n 6 p s

t - t 5 7 6  t o  t i T s -

,  
S o u l h  o t  N u 9 6 n t  t d s h ,  l h 6 s €  r a u t t s

r o 9 6 r h 6 r  r l r h  m y r t a d  o t n o r  p € r . t t € l
t . u t t s ,  r h e n  v t o r e d  f r o f ,  a  d t s l a n c e ,
r e s e 4 b t e  b € d d t n g  p t 6 n 6 s  o r  t h r r _ h e d d 6 d
* . : : " .  I n  r d c . t ,  .  9 o o  t o s  t s +  r r r h o { r  .
l . i 1 ' "9  r "o , ruag .  o ,  r€ t i u r€s  rn  ,6 rd€d
l u f f s .  f t J g h - i  , e t |  c o n s t d 6 r  ] h 6  c t o s e t y
s p a c e d  

_ f s u t l s  
. s  b e d d t n g  s u r f 6 c o s .  T h s

1 :1*  . r " " ' 1 ,  hsve  i h€  sahe  . r f r , uo€s  . sr n e  h . J o r  r a u t | s  r t i h  t d . 9 e  d t s p t d c e f , 6 a r s ,
D ' l t  d l s p l e o  i t 6  s + r 6 t .  o n t y  6 l € r  c 6 n r t _
l : ' : : " .  . u " t n  

r h 6  4 ! J o r  a i d  h r n o r  I  r s i r r cr 6 0 l r s  d t p  r 0 ' i o  6 0 .  , 6 s l r 6 r d  I n  t h 6

: : : . i :  
* "1 

.5nd 
U dhorse canyon areas,

a n o , . r h 6 y .  s t r t L e  D . r € t  t 6 t  i o  t h e  o o u n d t n gs r r t k € - s  p  l 6 u t + s  ( F t g .  J ) .  I h e y  a r oc o n s t s i 6 n t l y  d o r n  t o  t r , €  r e s +  b e r r 6 e ,f l l g € n r  ! { . s h  6 n d  + h €  c o t d e ,  p 6 n  t i t l e  r n  r r es \ { l / 4  T .  j t  N . .  F .  f 2  E . ,  b u t  s o u t h  o f  t h €

: 1 i " ,  : ' . " :  
r h E  D b s  o f  a n  6 n r r c  n s ,

: l : 1  " " . .  
. . , "  + o  r h €  € . s f  o n  f n €  1 6 s r

: : 6 o :  
. n d  d o , i  r o , h o , e s t  o n  r h e  € 6 s iJ l r n k .  S +  t  f a r t h € r  s o o t h  b e t v 6 € n  \ { t  t d _

: : : " . .  
c : l r -  ond  i { rn  r . n  c r ! . r  {F  re .  7 r ,r h o  J . u t t s  d t p  r e s r r € r d  a s  g e n t t y  . s  2 5 .6 n d  

- t h e  
b € d s  c o n F o n t y  d t p  

" . ; , " . ;  " =  , " " "
: :  . t : .  . o , l  

r o c 6 r  r y  ! r €  v 6 r  c 6 r .  r h e r 6v e r i t  c a  1 . 6  t f  t + u d e s  p r 6 v a  ,  t h e  u n d 6 r t / t n g

, r 6 u r t  
p l . n 6 s  p r o b 6 b t y  a r o  n 6 6 r t y  f t 6 ib € c a u s €  i t t h  t h t s  + y p o  o t  f a q t i l n g ,  i h 6o e d s . . o n s t s r e n + t y  d a l n t d t ,  6  n o a r  e o "d T T l r l d s  1 6 l a t t v €  t o  + h e  r . u t t  p t 6 n €( A D d 6 r s o n ,  1 9 7 t ,  1 9 ] ' r i  p . o t l e t l ,  t s t t ,

^ . 9 e t t € r  a n d  C o t e i t 6 ,  ! a 8 j ) .  t n , r t s
a r e . ,  

. i h e  
€ s o 2 0 t c  r o c k s  e x p o s e d  r n  r t n _oors ben6Afh ihe Tor t lary s t r . t .  do nol. p D 6 . r  f o  b €  r 6 p e i t f t o u s l y  , 6 u l t o d .  r h t s. . c r ,  l o g e t h 6 r  r t + 1  t h 6  s + o 6 p  ! l t t r u d 6 s  o lT n €  b € d d t n g  I n  r h s  T e . t t r r y  r o c k s  ( s e 6

c r o s s .  s € c l l o n ,  F r q .  7 ) ,  s u s ; o s t  i h . r  r h 6

. : : : : . 1 :  
' : , . ' r :  e r f h e .  D 6 r e o  i a n e o n r r . I y

r r r n  t n e  d e f 6 c h n 6 n f  t . u t  t  o F  I n r € r s € c r  r h 6
: * : . ] . * t  

f . u r t  . r  t o ,  s c u + €  . n s t 6 s ,  s u c h6 s  I . f € r e d  I n  , 6  c r o s s  s 6 c  o n  ( E t 9 .  / r .
.  

T h e  t u f f s  t h . t  . r e  r s p 6 € r 6 d  O v  i l r r . t "

: : : ] ] '  
' . " . t r ' "  p6 r r  o f  rhe  cauus  va r rey

r .ng€,  b6+fe6n th6 cundrop Hl  5 .nd8 6 n l o n  S p r t n s  . a u t + s ,  c o n p o i e ' ' h e  o , d o s rp 6 r r  o r  t \ e  T e r l t a r y  v o t c 6 n t c  s 6 c i t o n - _
p r r . c t p .  y  i h 6  B 6 n t o n  S p r t n g  G r o u p  ( 2 9  t oz o  4 . . y . r .  T l , e  r o c k s  6 f f e c t e d  b v  t t s t r t c
f r u l + s  r . r ' t h 6 r  € . s t  I n  l h €  e a b j s  v a r r e y

qarg€,  be+e66n *he Ben. t . -  ^
P o t r l f l € d  S p r l n g  t o , t + "  l . , . " p . l n S  o r ,
a b o u t  2 2  J o  z n  , . v ,  o r a  

" , " n ' . 1 , ,  " ,, . " " . . c . _ p . 1 " " ; " , ' . "  - .
ru r r  i /enber  ̂ ,  l , ' r l r  r l l

R h y o d . c t t e ,  r h e  r , o  r u r ;  . - 1 "  h " , i
th6so s€pdr616d roas 

"0r." .-" ,"^"61cer 
' ,

e o u d l  d 6 n s t . t y  o f  l t s t r t c  , , , , i . - " - u  
"i n o u g h  r e  h € v e  s h o , a  o n t v  .  . - ' ' ,  . r , ,

| 6 1 9 € s t  t t s t r t c  ' o r t t s  r " ' . - -  " ' -  0 r  . . t
c o n p a . . b t e  i o  r h e  o t d e .  , " . i . '  

' * o  r .
N u s 6 n r  v 6 s h ,  t r . €  i u l s  o r ' ; n . " r : : " ' .  , .
. r e  r 6 p € . i o d  b y  s + . r c  r . , t ; . , ; : ' l ' " ^ r ,
o r  r h e  p o r n s e ; J r .  

" r ; ; ,  
: ; . . ' . ' i , " " t  * ' "

s u p o r l c . l y  r " " u , o r .  u u o t r " . - -  , ] '  
t . , ' ' ,

' . u r r o < r  s o q q a n c 6  
" . = " , ;  i ; " ' ' " , " : "  " . " * ,

eaves ,hen vr€r6d rron ;r ;  
" ;" :"-  

**
c r e n r  r €  e r  r n  r h e  p o r i s 6 ; r ; ' ;  s u r , r -

l l  ::*"1, r'.. .,"r,.","; ;":;,;.:"":l::"
o r _  r h €  f o r , t + s .  t q  s o o 6  o l  i h €  d 6 o p o l tc . r y o n s ,  . t h e  f . u t t s  6 r e  s € e n  + o  b

i l i l :  . l l '  +rre overrvrng ; , ; ; "*"1" ' : l :
d  t p  v e r r t c . l l y  t i  f o  i h e  , . u t r .

, _ - ^ , , t n o u n n  
i h e  i r o  l u l t  s a q u 6 n c e s ,  1 6 r 9 -r n g  r n  . g e  f r o n  p r o b r b l y  2 9  | l | , y .  i o  ? ?r . y . ,  s h o *  € q u a t  d e n s t r y  o ,  s l r i c  r . o t r s

: : l l : : "  i r :  
Guhdrop Hr r rs  6nd a6i ,o i

: o : , : ? .  " " 0  
b 6 r r 6 € n  r h e  8 6 n r o n  s p . r i s  . . 0P e t r l f t o d  S p . t r q  . . u t i s ,  i h e  n e t i  o v 6 r l rr n g  v o r o r l c  s 6 q u e n c 6  (  t 6 v 6 s  o r  l o u r irorgusor)  dppefs to be tess faut i6d.  | lsnBy.  b€ docetv6d,  horsv6r ,  b€caus6 rer

: * : 1 .  
, , " "  p  . ,  d n d  3 o D e  s r s n  t c 6 i i- . u  I r s  u n d o u b  t € d , y  o v € . r o o l e d ,

N e v e r t h e t e s s ,  { h e  t a v ! s ,  , h t c h  . d n g e  , 1

: r e . : r 0 1  
r 6 s s  r h . ^  2 2  i o  1 '  n . y . ,  d r p  n o r o

q o n r l y  t h a n  t h 6  d n d 6 r t y t n g  r e t d 6 C  r u t , 5 j
a n d _  I n a s n u c h  6 s  t h o  d l p s  o f  i h 6  t r r f s  a r €
I n  r a r g e  p a r t  s t r l c - f 6 u t t  d € p € n d e n r  a t r o

_ . : l : " " ' 1 .  " i .  
6 0 .  o r  n o r 6 ,  r +  D r o b a b r r

] " ' l : , :  i r " r  
+ h 6  r 6 v 6 s  r r r h  d r p s  a s  s 6 n  s

6 s  5 " - 1 0 '  . r €  r e t a r t , e t y  u n f a u t t 6 d .  t h €
I n f e r e n c 6  t h . i  i h s  l t s t r r c _ r . u t r r n 9  6 p t -
s o d e  m a y  h 6 v e  t a r g € l y  p r 6 d . + e d  + h 6  r a v ! 5
r s  s u p p o r t e d  b y  n a n y  o b s e r v . i t o n s  t h r ,
I n d l c . + 6  6  n a r k e d  a n g u t 6 r  u n c o n f o r m t  t ,  , r

l : :  : " *  " r  
r h €  r € v a  p  e .  I n  s o n e  p r s c s !

r h o  ' a r 6 s  r e s t  o n  1 6 d 9 o s  o r  f h t c (  r e l s e s
: t _  - 0 . ! . t .  o r  b . 6 c c t .  o r  + h €  p o r n s e r r , !
r u ' r  M 6 n b 6 1  6 r d  o t d e r  v o t . 6 n l c  r o c i s .
i lost  of  th6se tens6s €rs In. t6rcar . r€.
o e l i s € n  t h s  t a v 6 s  . n d  t h e  D o t n s € 1  .  T ri a 6 4 b e r .  l h 6 s e  t r o  1 6 t . + t o n s  I n d t c a t 6  i h . t
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raul ts.  {orf t r l  l lu l+s s.st  of  th€ Bonton Sprtns
lhs ' rpp6r r lgnt cornor ot ihE n6p 6bove the

zons aro noi  of  th€ l ls t r lc  type,  but  In
r l g h + - s l l p  l . u l t ,  l l s t r l c  l a u l i s  6 s r l n
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f IGURE 7:  S€9m6nt of  cabbs V. t ley Rrngs sol fh ot  I l ldhorse C6nyon botr€on Cumdrop Ht l ls
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HARDYI4AN AND OTHERS

s r g h l f l c a r l  +  i t n g  o r  b € d s  r e r a r 6 d  t o
assoct . t€d fau t t  tng sptsodes occurrsd
p r t o r  t o  t h e  d e p o s t l t o n  o f  t h e  n . r n  p t  t 6
oJ t .vas o. t  I ' {ount  Ferguson {oxt .uded . r ter
i h e  p o t n s s t i t a  T u f l  m € n b € r  d 6 t 6 d . t . b o u . t

T h s  o v 6 r 6 t  t  d l s . t r t D u . t t o .  o r
renses 

.or-_dsbr ts  
(so6 i_m.ps 1176_, tJrs,

a n d  o u t  F t g .  l )  ! € n d  i o  r o t e  o u r  t h €
p o s s l b l  l t t y  t h a i  t h e  d e b r t s  t s  v o t c a n o _
f € c f o n l c  c . t d e r .  r e t . t e d .  f 6  I n r e r  t , \ . t
r n e  r e c r o t c  . c t t v t t y  r h t c h  g o v s  . t s e  t or n e  d 6 b r t s  I n c t u d e d  t t s i . t c  f 6 u t t l n 9 .

HIGH.AI{6LE I{ORI.IAL FAULTS

Excspt  for  the ara.s Just  descr lb€d,  ihos6
c h a r . c i € r l z e d  b y  6 b u n d . . t  s r r t c  t a u l t s ,
r n o  r o n a l . d € r  o t  t h €  v o t c . r t c  t s r r r t n  I n

: : : .  
* o : ,  v !  e y  R . n s €  c o , i . t n s  o n r y

n r s h - 6 n 9 t 6  r o r o . t  f . u t r s  t h . i  ' r e n d  4 o s t t y
n o r t h i € s +  b u t  s h o | l  c o n s t d e r . b t e  v a r t . t t o n
I n  s t r t k e .  T h e s e  f s u t t s  a n d  ! r s o , h e
nornal  fa !  l1s In p16-16r i tary rerr . lns
p r o r  r s  n 6 6 r t y  s t r a t g h i  n € s  o n  t h e  m 6 p ,

: : : 1  . ' " .  
. . : " " :  o r  f . r . r y  h r s h  1 6  6 f ,

r n e r € b y  I n d t c . + t 4 g  s i € 6 p  s t i t t u d e s  o r  i n e
r . u r r  D t 6 n o s .  F u r t b e r m o . € ,  s o n e  o r  f h 6 s e

: l : . 1 : l  
. 1 l o l " n  r . ! r f s .  r h r c h  l a v €  o n r y

o r p - s  p  s  c ( a 4 s t d e s ,  . r 6  v € 6 k t y  n r n 6 r € t _

, : " "  " . " " : * "  
c o a d u t i s  r o r  r r s r n s  h y d r o _

r r e r n a r  s o l u t l c n s .  r ! 6  s + r t c  r d u r i s ,  I n

: : l l : " * , . t h . t  
6 1 6  r e c o q a r z 6 d  o , r y  I n

r o r l r . r y  1 6 r r . t n s  , e r 6  n o r  c o n d u t r s  t o r
a s c 6 n d t n g  s o l u f t o n s .  A n  e x o n o t 6  o ,  r h e s €
r o t . l t o n s  I s  s h o r n  t .  F t 9 .  l .  F 6 s t  o f  i h o
0 o l d 6 n  p e n  g o t d  n t a 6 ,  . j o n 9  t h 6  e n r t r e
€ a s i o r n  t l . n k  o f  t h 6  O 6 b b s  V o  o y  R a n g 6 ,
t h e  v o l c 6 n l c  r o . t , s  d t p  2 5 "  t o  4 0 .  € . s t r 6 r d
.nd 6ro repoai€d by nunerous I  ts+r tc
f 6 u l t s  i h a i  6 r e  d o r n  t o  t h o  r o s t  a o d  d l p
6 b o o l  5 0 "  t o  t h o  1 6 s t .  ( t . t  t 5  o n p h € s t 2 e d

: : : 1 "  l l " l  
due  ro  +h€  ,app rag  sco r . .  qany

4 r n o r  t t s t r t c  t a d ' f s  j h t c h  6 . e  p r 6 s € n r  t nr r r s  . r e a  c o u ' d  n o f  b e  h a p p € d . )  r \ o n e  o f
o .  m  I n o .  l , ! + . t c  r . u , , s . r e

o l n e r . l t z e d .  A t  t h e  G o t d 6 n  p € n  g o t d  n , n o ,
n o r o v e r ,  .  h t g h _ . n g t o  n o r n a t  f 6 u t t  y . s
m . p p o d  t h a +  t s  d o r n  t o  i h e  e a s + .  r n t s
f 6 u , t ,  r h t c n  d t p s  7 r "  l o  B O "  € . s t r . r d  € n d
s n o r s  o n t y  d t p _ s , l p  s l t c k o r s t d 6 s ,  r sd € a ( r y  n t n s r .  r e d .  T h 6  r e s t - d  l p p  I  n g
r r 5 t r l c  t a u t t s  n u s t  e t + h o r  . b u . t  t h t s

: : : j l : l o o r l ,  n o r n ! r  r . u r r . r .  h r e h  6 n s r e ,
p r o b t b l y  a i  a  s h a t l o r  d e D r h ,  o r , h e  n t n € r _

. l l z e d  l l r  t i  c u l s
I  l s i . l c  f a u  t t s .
v e r €  s o € n  I n  i h e  h l n e  d u r t . .
l n  1 9 7 2 - ",",",-;i: i i l

tr.ousr .. I.t""*r,. l lrn1o"s;. , ' [
,,",",-;i: i i l

p r e s e n i  €  t s e r h o r e .  o h  F t ! .

0 t h e r . l o s 6 . s s o c t . t t o n s  
^ r  . ,  ,

l : j ,  : : : :1i.":: ' , ,"*,"" ' :Ji l ; ' : l : l
. s s o c t . r  t o n s  ̂ .  ! ,

n o r n ! 1 .  . s u n s  . n d  s i r t c -  r ' , r : h - F e h .o r e s e n t  e l s e i h o r e .  o n  r t o .  . " ' , . t .  * ,
a n P  l e ,  n o + €  t h d t  h t o h - a n . r -
i l + h  n o s i t y  s l r a  t g h + _  n € ""il:' u,i;;

'  ' . €  t r r ^ _  i  I
a b u n d a n t  e . s r  o f  t h 6  B e i t o n  . " . , _ i " '  " ,.  

_ . _ - , , ,  , " - ,  w ,  r r €  b e n r o n  s o r t h ^  Ii n e r 6 € s  i e s t  o f  r h t s  f . u t t ,  = + . i l  j . , t ' ,
. h a r € c . t e r t z €  t h e  r a n 9 e .

r"r"r" r.,iil

s0itlir^RY

( l )  A  c o r j u g . t €  f . u t f  s y s l o m  c o n s l s
c o e v d r  n o " i  h , e , r -  r " . n d  t a o  : ; : ' ' ' q , 'r . u r i 5  and  

" "0 , . ; , " ; ; ;  ; ; ; , . " " ; l : n " , , '
r o r . r - s  p  r su t i s  t "  o r * " ^ i  l l ' * ' " ' d l ' r,  , , ,  L€  6 rh t !

: : , : " ' .  
' . " 9 .  6 n d  v r c r n r r y  r r r h r n  r . !c€nrr6t  Dar i .  o f  th6 t la tkor  L. rs  s t r ,^+,-

, zon6 .  l l ovo16nrs  . rone  rb€so , " " " . r - ; ; l : i

l : r : : ' . 6 b o ! t  
2 ,  m . y .  . s o  a n d  h € v € . o r r r i J ! !

ro rh€ presen+ t tn6-

, ( 2 ) . T € r l t a r y  
r o c k s  6 r e  d e i . c h e d  r r o q

i : : f  
rJrn:  Mesozorc b6seh6nt  roc|s

fhroushoot  f tos i  of  th ts  p. r t  o f  lh6 ratkof
!6n6,  6nd d€+achn€ni  fsut ts  a,so occur  i ih l 9 h 6 r  s r r . f t g r . p h t c  t e v e t s  I n  t f o  , o r -
r l . r y  v o l c . n  l c  s 6 c t t o n .  D e t . c h f , 6 n t , . u t k
6 t  t h €  h t g h 6 r  t e v e t  , f t e c t  r o c k s  a s  o t d . s

1 : . 1 , r . . .  " " ,  
! s  y o r j n e  6 s  1 5  r . y . ,  r h e . o D r

I  n d  l c . +  I  n g  t h s i  s r . t k e - s  p  l d J t t t , g  . r i
o e r 6 c h D e n i  f a u l i t n g  o v € r t . p p 6 d  I n  t r n 6 .

.  
( l )  Nornat  faut ts  . re !bundan_f  ih .ousi -

o l t  th€ ! r€6.  r ro h.Jor  typos have bsi
oDserv€d.  0n€ iyp€ r t lh  d lv6rs€ t r6 id
s n o r s  n o  o b v t o u s  a f r 6 o t n s  d o * i r a , o , m
l s  l o c . ' l y  h t n e . o l t z o d .  T h t s  t y p a  o . o D a o _
ly rang6s In age t ron 2 j  n iy .  to  re.oni
t l i n 6 s .  T h e  s 6 c o n d  t y p e  s t r t k e s . o n s r r
t e . t l y  n o r l h y e s i i a r d  a n d  t s  p a r 6 l l 6 t  t o
t h €  n o r l h 1 6 s t - s - i .  t k  I  n s  r t g h t _ s U D , . u r r s .
T h l s  s € c o n d  t y p 6  c o n p r t s e s  s t r t c , ' . u l r s
that  f l6 t i6n doin i ,ard 6nd ,16 tnferr6d to
l n i o . s € c t  l h e  d e t . c h s 6 n t  f 6 l l t t s  € i ,  t o i

These shs ov-rool€d l ts+r tc
faul is  do noi  appear 10 have serv6d ,s
n . J o r  c o n d u t l s  t o r  r t s t n g  m t n e r 6  z r n g
s o l u i l o n s ;  t n o y  p r o b a b t y  . t ,  b o t t o n  . i  t h o
D . s e  o f  i h e  T e r t l s r y  s 6 c i t o n .

( 4 )  ' { o s i  s } r t c  l a u t t t n 6  , a v  i 6 v o
occurr6d dur tns a l lne sp.n . i  . t . " t  ,  +o
l 0  D , y .  T h l s  p e r t o , j  t d r g 6 t y  f o  o v 6 d  m a
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