


P r o Q u e s t N u m b e r : 10795823

All righ ts r e s e r v e d

INFORMATION T O A L L USERS
T h e q u a l i t y o f thi s r e p r o d u c t i o n is d e p e n d e n t u p o n th e q u a l i t y o f th e c o p y s u b m i t t e d .

In th e u n lik e ly e v e n t t h a t th e a u t h o r did n o t se nd a c o m p l e t e m a n u s c r i p t
and th e r e ar e m is sin g p a g e s , t h e s e w ill be n o t e d . Al s o , i f m a t e r i a l had to be r e m o v e d ,

a n o t e will i n d i c a t e th e d e l e t i o n .

u e s t

P r o Q u e s t 10795823

P u b lis h e d by P r o Q u e s t LLC (2018). C o p y r i g h t o f th e D is s e r ta t io n is held by th e A u t h o r .

Al l righ ts r e s e r v e d .
This w o r k is p r o t e c t e d a g a i n s t u n a u t h o r i z e d c o p y i n g u n d e r T it le 17, United S ta te s C o d e

M i c r o f o r m Ed ition © P r o Q u e s t LLC.

P r o Q u e s t LLC.
7 89 E a s t E i s e n h o w e r P a r k w a y

P.O. Bo x 1346
A n n A rb o r, Ml 4 8 1 0 6 - 1346



T - 9 0 1

A   thesis   submi tt ed   to   the   F a c u l t y   and   the   Bo ar d   of  

T r u s t e e s   of   the   C o l o r a d o   S c h oo l   of   Mines   in   p ar t i a l   f u l f i l l -

m e n t   of   the   r e q u i r e m e n t s   for   the   degree   of   D o c to r   of   Scienc e  

in   G e o l o g i c a l   En g in e e r i n g .

Signed
D o na ld   H.   Jo hns on

Golden,   C o l o r a d o  

D a t e  i   / 1 9 6 1

A p p r ov e d  2
tobert   M.   H u x c h i n s o n
C o mm i tt e e   C h a i r m a n

/

*aul   n.   K e a t i n g  /   
C o m m i t t e e   m e m b e r

ïichaèi' A.   ̂ L U K m a n  
C o m m i t t e e   m e m b e r

re d e r l c k
Co mmi tt ee m b e r

A n to n ' egl:
C o m m i t t e e   m e m b e r

K.   G y Vi l   S c h ie l tz  
C o m m i t t e e   m e m b e r

Head,   Dept

Golden,   C o l o r a d o

D a t e  _______   ,  1 9 6 1

ii



T - 9 0 1

A B S T R A C T

The   D e vi ls   H e a d   quadrangle,   in   w e s t e r n   D o u g l a s   County,  

Col or ado ,   is   on   the   b o u n d a r y   b e t w e e n   the   Great   Plains   an d  

the   S o u t h e r n   R o c k y   M o u n t a i n s   ph y s i o g r a p h i c   p r o v i n c e s ,   F r o m  

the   l e v e l   pl ai ns   on   the   east,   the   la n d  r i s e s   sharply   to   m o u n -

tains   that   r e p r e s e n t   a   d i s s e c t e d   pe n ep la in ©

S e d i m e n t a r y  r o ck s,   o c c u r r i n g   on ly   a l o n g   the   east   edge   of  

the   q u ad ra ngl e,   co nsi st   of   sandstones,   siltstones,   shales   a n d  

co ng lo me r at e s,   w i t h   a   little   li me st o ne   a n d   gypsum,   an d  ra n g e  

in   age   f r o m   Late   C a m b r i a n   to   Ea rly   T er t ia r y©

P r e c a m b r i a n  m e t a m o r p h i c   rocks,   m e t a m o r p h o s e d   sediments  

of   the   Ida ho   S pr in g s   f or mat io n,   c o n s i s t  m o s t l y   of   h i g h - g r a d e  

g ne i s s e s   a n d   schists   of   the   a l m a n d i n e   a m p h i b o l i t e  m e t a m o r p h i c  

f a c i e s •   A l o n g   the   con ta ct   w i t h   Pikes   P e a k   granite,   some  

g n e i s s e s   of   the   p y r o x e n e   h o r n f e l s   fa ci e s   occur©

The   q u a d r a n g l e   i n cl u de s   the   n o r t h e a s t   corne r   of   the  

Pikes   Peak   b at h ol i th ,   and  m o s t   of   the   a r e a   is   u n d e r l a i n   by  

p i n k   c o a r s e - g r a i n e d   granite,   l eu cog ra ni te,   a n d   qu ar tz   m o n z o n i t e ©

ill



C o m p o s i t i o n a l   v a r i a t i o n   w i t h i n   this   par t   of   the   b a t h o l i t h   is  

n ot   g r e a t5  a nd   the   te xt u re   of  r o c k   is   quite   u n i f o r m »

T he   gr an ite   s ol i di f i e d   abou t   1050  m i l l i o n   y e a r s   ago*

Its   m a g m a  m a y   hav e   f o r m e d   by   partial   f u s i o n   of   r o c k s   that  

we re   de ep l y   d o w n f o l d e d   d u r i n g  a   s tro ng  r e g i o n a l   t e e t o n i s m  

abo ut   15 0 0  m i l l i o n  y e a r s   ag o»   The   granite   a p p a r e n t l y   ro s e  

f r o m   d ep t h   a n d   was   e m p l a c e d   by   fo r c i b l e   intrus io n^   p r ob a bl y  

by   u p l i f t   of   its   cover *

X - r a y   a nd   ch e m i c a l   studies   of   f e l d s p a r s   f r o m   the   g r an i te  

i n d i c a t e   c o n s i d e r a b l e   u n m i x i n g   of   sodic   p l a g i o c l a s e   f r o m   the  

m i c r o c l i n e   of   the   g r a n i t e  ;   e x t e n s i v e   r e c r y s t a l l i z a t i o n   of   the  

p l a g i o c l a s e   occurred.   The   f in al   t e m p e r a t u r e   of   u n m i x i n g  w as  

l o w   and   u n i f o r m  t h r o u g h o u t   the   area»

M a n y   small   a p l i t e s   a n d   p eg m at i te s   are   in   the   granite,  

p a r t i c u l a r l y  n e a r   De vi ls   H e a d   its elf*   The   a p l i t e s   a n d   p e g m a -

tites,   minera l  o gi c a l l y   a n d   c he m ic a l l y   sim il ar   to   the   granite,  

p r o b a b l y  f o r m e d   as   l a t e - s t a g e   segre ga tio ns *

The   gr anite   is   i n t r u d e d   by   a   nu m be r   of   dia b as i c   a n d é s i t e  

dikes   of   p r o b a b l e   T e r t i a r y   a g e   that   lie   a l o ng   two   m a j o r   n o r t h  

t r e n d i n g   fault   zones*   A   c o nt i nu o us   h i g h  m a g n e t i c   a no m a l y  

a l o n g   one   of   the   fault   z o ne s   ind icates   that   the   d i ke s  m a y   r e p  

r e s e n t   d i s c o n t i n u o u s   hi gh e r   p r o j e c t i o n s   of   a   dike   that   is  

c o n t i n u o u s   at   depth*   A   po si t i v e   gr av i t y   a n o m a l y   that   u n d e r -

li e s   the   r e g i o n  m i g h t   be   e x p l a i n e d   by   a   large  m a s s   of   basic  

r o c k   at   depth*
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IN T R O D UC T IO N

Th is   i n v e s t i g a t i o n   was   in st itu te d   to   pr ov id e   a   be tt e r  

u n d e r s t a n d i n g   of   the   g e o l o g y   of   the   C o lo r a d o   Fro nt   Ran ge  »  

S p e c i f i c   o b j ec t iv e s   w e r e   p r e p a r a t i o n   of   a   de tai le d   m a p   of   the  

g e o l o g y   of   the   D e v i l s   Head   q ua dr ang le j   d e t e r m i n a t i o n   of   the  

g e o l o g i c   struc tu re   and   h i s t o r y   of   the   areaj   and   an   e x p l a n a -

t i o n   of   the   p e t r o l o g y   of   the   Pikes   Pe a k   granite,   the   m a jo r  

r o c k   type   in   this   area.   The   study   was   u n d e r t a k e n   at   the   s u g -

g e s t i o n   of   Dr.   R o b e r t   M.   H u t c h i n s o n   of   the   D e p a r t m e n t   of   G e o l -

ogy,   C o l o r a d o   S c h o o l   of   Mines,   w h o   was   b e g i n n i n g   a   r e gi on a l  

stu dy   of   the   Pikes   Pe a k   b a t h o l i t h   and   related   r o c k s .

Previou s   W o r k

A l t h o u g h   a   n u m b e r   of   i n ve s ti g a t o r s   have   studie d   the  

D e v i l s   He ad   a r e a   n o   d e ta i le d   w o r k   has   b e e n   done   excep t   on   the  

e a s t e r n   edge   of   the   area.   Only   g e n er a li z ed   d e s c r i pt i on s   and  

s m all   scale   ma p s   ha ve   b e e n   p u b l i s h e d .   ( Cf*   B o ard ma n,   1 9 5i0 *  

The   ea r l i e s t   studies,   of   r e c o nn ai s sa n ce   n a t u r e ,   were   by

1
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m e m b e r s   of   the   H a y d e n   s u r v e y s „   ( Peale,   1873$   Hayden,  1 8 7 7) »

T he   a r e a   is   inc luded   in   ma ps   by   B a r t o n   ( 1905),   3 purr,   ©array,  

and   B a l l   (1 9 0 8),   C a m p b e l l   (1922),   L e v er i ng   (1935)>   B r o w n   (19^3),  

and   L e v e r i n g   and   Go dda rd   (1950).   These   maps   sh ow   the   ge o l o g y  

of   s u r r o u n d i n g   areas   b u t   p ro v id e   little   or   no   spe ci fic   i n f o r -

m a t i o n   on   the   D ev ils   Head   qu ad r an g le .   The   geo lo g ic   m a p   of  

C o l o r a d o   ( B u r b a n k  and   others,   1935)   shows   the   results   of   some  

of   these   w o r k e r s  «

C a n n o n   (1 8 9 1)   p u b l is h ed   a   b r i e f   accou nt   of   the   ge o lo g y  

of   Perry   Park,   and   Lee   (1902)   dis cu ss e d   the   area l   g e o l o g y   of  

the   C a s t le   R o c k   region,   i nc l u d i n g   Perry   Park.   Kruger,   H a m i l -

ton,   and   E n r i q u e z   (1910)   d i s c u s se d   the   ge o l o g y   of   Pe r r y   Pa r k  

but   w i t h o u t   a   map.   R i c h a r d s o n   ( 1915)   mapp ed   the   ad j a ce n t  

C a s t l e   R o o k   q u a d r a n g l e   in   detail.

S e v e r a l   r e g i o n a l   s t r a t i g r a p h i e   s t u d i e s — H e a t o n   (1933),  

J o h n s o n   (1945),   R e i c h e r t   (1953),   and   W a a g e   ( 1 9 5 5 ) — inclu de  

d a t a   f r o m   the   D ev i l s   Head   qu a dra ng le .   Bo os   and   Bo o s   (1957)  

inc l ud e   the   a r e a   in   th eir   tecton ic   study   of   the   Fr o nt   Range.

U n p u b l i s h e d   w o r k   in   the   ar e a   consis ts   of   theses   by   Ro bb  

(1 9 4 9),   M a l e k - A s l a n i   (1950),   K l n n a m a n   (1954),   B a l l e w   (1957),  

H a r m s   (1958),   and   B a u e r   (1959) .   B a u e r 1s   w o r k   in   the   s e d i m e n -

tary   p o r t i o n   of   the   a r e a   is   excellentj   the   writer,   at   the   s u g -

g e s t i o n   of   his   advisor,   ado pted   it   for   this   report   w i t h   l i t -

tle   c h a n g e .
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Currently,   G.   R,   Scot t   of   the   U.   S.   G e o l o g i c a l   Surve y   Is  

p r e p a r i n g   a   d e t ai le d   report   on   the   K a s s l e r   q ua dr ang le |   M,   L»  

P e t e r s o n  o f   the   U»   S.   G e o l o g i c a l   Surv ey   is   p r e p a r i n g   a   report  

on   the   Platte   C a n y o n   qu ad ra n gl e j   and   R.   M.   H u t c h i n s o n   of   the  

C o l o r a d o   S c h o o l   of   M in es   is   st ud yi n g   the   n o r t h e r n   po rt i on   of  

the   Pikes   Peak   b a th o l i t h .   B r i e f   a c co un ts   of   some   of   their  

w o r k   have   b e e n   p ub l ish ed j   ( Scott,   I9 6O1  Pe te rs on   and   Scott,  

I960;   Hutc hi ns on,  1 9 5 8a,   1958b,   1959a,   1959b,  1 9 6 0a,  1 9 6 0b).
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L o c a t i o n and A c c e s s i b i l i t y

The D e v i ls Head quadrangle, in the Uo S. Ge ol o g i c a l S u r -

vey' s T^-mlnsite q u a d ra n gl e series, is in w e s t e r n Do uglas

County, Colorado, about 30 mile s south of D e n v e r ( Plate l).

The qu a dr a ng l e lies b e t w e e n lon gi tud es 1 0 5 ° 0 0 ' and 1 0 5 ° 0 7 è 6

west, and latitudes 3 9 ° 1 5 8 and 3 9 ° 2 2 | s n or th 0 The Kas s l er

7 à -minute qu a dr a ng l e a djo in s the Devi ls Head q u ad r a n g l e on

the northo A strip, ab out three quarters of a mi le wide,

ac ro ss the south end of the K a s s l e r qu ad r a n g l e w a s included

in the ar e a of this study to show the n o r t h e a s t e r n limit of

the Pikes P e a k b a t h o l i t h on the m a p ( Plate 2) . The mappe d

a r e a thus Includ es parts of T o w n s hi p s 8 and 9 South, Ra ng es

68 and 6 9 West.

F r o m Denver, the a r e a is reached b y p r o c e e d i n g south on

U. S, H i g h w a y 8 5 to Sedalla, thence w e s t w a r d on Co l o r a d o

H i g h w a y 6 7, w h i c h passes th rou gh the south edge cf the K a s -

sler q u a d r a n g l e and the n o r t h w e s t corner of the Devil s Head

q u a d r a ng l e. F r o m just w e s t of Sedalla, C o l o r a d o Hi g h w a y 105

e x te n d s south past the east edge of the ar e a to Palmer Lake.

A nu mb e r of f a r m roads exten d f r o m these state hi g hwa ys into

the east and n o rt h edge s of the mapped area, and a county

road ex te nds we s t and so ut hwe st fr o m Sta te H i g h w a y 105 into

the n o r th e as t part of the a r e a as far as the b o u n d a r y of the

Pike N a t i o n a l Forest, f r o m w h i c h point a F o re s t Se rv ice road
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c o n ti n ue s   so ut hwa rd   a l o n g   J a c k s o n   Creek.   F r o m   State   Hi ghway  

6 7,   a   F o r e s t   S er vi c e   road   e xte nd s   sou thward   t hro ug h   the   we st  

pa r t   of   the   area,   me e t s   the   J a c k s o n   C r e e k   road   about   a   mile  

and   a   ha l f   south   of   De vi l s   Head,   and   conti nu es   to   C o l o r a d o  

S p r i n g s .

S e v e r a l   jeep   trails   pe n et r at e   the   area.   The   state   h i g h -

way,   the   county   road,   and   mo s t   of   the   f a r m  access   roads   are  

kept   open   a ll   year.   B e c a u s e   of   heavy   snow,   the   others   are  

g e n e r a l l y   im pa ssa bl e   f r o m   late   fa ll   u n t i l  m i dd l e   or   late   spring.

C li m at e   and   V e g e t a t i o n

The   climate   in   the   ar e a   is   se mi -arid   and   mild.   The   me a n  

a n n u a l   p r e c i p i t a t i o n   is   abou t   15   inches.   R a ins   are   m o d e r a t e l y  

fr eq ue n t   b ut   g e n e r a l l y   light   and   of   short   duration.   Most   of  

the   rai n   falls   d u ri n g   April,   May,   June,   and   August;   mo s t   of  

the   snow   falls   d u r i n g   F e b r u a r y   and   March.   The   m e a n   a n nu a l  

t e m p e r a t u r e   is   a bo u t   The   range   of   t e mp e r a t u r e   is   about

-3 0°   to   100°F,   b u t   days   m u c h   colde r   tha n  0° F   or   w a r m e r   than  

9 0 ° F   are   infrequ en t.

Much   of   the   m o u n t a i n o u s   part   of   the   ar ea   s up po rt s   a   th ic k  

c o v e r   of   trees   c o m p r i s i n g   P o n d e r o s a   pine,   lodg epo le   pine,  

pinon,   D o u g l a s   fir,   E n g l e m a n n   spruce,   bl u e   spruce,   red   cedar,  

and   aspen.   S lop es   a l o n g   the   ea st e r n   m o u n t a i n   front   and   a l ong  

the   n o r t h e r n   edge   of   the   ar e a   are   covere d   w i t h   scrub   o a k  f r o m  

5  to  1 0  feet   high;   in   ma n y   p lac es   this   g r o w t h   is   pe ne t r a b l e
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only   w i t h   g re a t   d i f f i c u l t y ,   A l o n g   creeks   at   lower   e le v ati on s  

ar e   will ow s,   poplars,   and   c o t t o n w o o d s .   Bushes,   i nc l ud i ng  

cho kec h e rr y ,   wi ld   plum,   and   others,   g r o w   al on g   mos t   streams;  

and   t h i m b l e b e r r l e s ,   raspberries,   goo seberries,   and   currants  

g r o w   in   cl ea rin gs   and   g ra s s y   areas»   The   lower   el e va ti ons   on  

the   east   side   of   the   ar e a   su pp ort   b un ch   grass   and   low   brush,  

such   as   g r ea se woo d;   h i g he r   u n ti m b e r e d   areas   are   covered   w it h  

t h i c k e r   m e a d o w   gras se s»

F i eld   w o r k   for   this   study   was   carried   on   d u ri n g   the   s u m -

m e r s   of   1958,   1 9 5 9 j   and   part   of   i9 6 0»   L a b o r a t o r y   studi es   we re  

c o n d u c te d   pa r t - t i m e   d u r i n g   the   w i n t e r s   of  1 9 5 9*   I960,   and  1 9 6 1.

Geo l og y   was   plotted   in   the   field   on   ste r eo   pairs   of   air  

photographs,  at   a   n o m i n a l   scale   of   1320,000,   obt ained   throug h  

the   F o r e s t   S e rv ic e,   The   g e o l o g y   was   later   tr a nsf er re d   by  

t r a c i n g   onto   a   ba se   m a p   ma de   f r o m   the   U»   S»   G e o l o g i c a l   S u r -

v ey  ' s   t op o g r a p h i c   m a p   of   the   D e v i l s   Head   qu a d r a n g l e   at   a  

scale   of   1824, 000,   very   n e a r l y   the   a c t u a l   scale   of   the   air  

p h o t o g r a p h s  »

L a b o r a t o r y   procedures,   i n v o l v i n g   stu dies   of   rock s   and  

min e ra l s,   uti l iz e d   the   pé t ro g r a p h i e   micros co pe,   the   Chayes  

p oi n t   counter,   the   H u n t - W e n t w o r t h   i n t e g r a t i n g   stage,   the   V r e e -  

land   spe ctroscope,   p o w d e r   X - r a y   d i f f r a c t i o n   apparatus,   and  

o t he r   tec hn iqu es .   C a l c u l a t i o n s   for   i n de x in g   X - r a y   pat te rns

M e th o d s   of
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w e r e   ma d e   on   an   L S P - 3 0   d i g i t a l   computer»   C h e m i c a l   ana ly ses  

w e r e   p urc ha sed »

The   w r i t e r   is   inde bt ed   to   so   ma n y   pe rs on s   for   a s si s t a n c e  

and   e n c o u r a g e m e n t   in   this   stu dy   that   it   is   imp os sib le   to   list  

t h e m  all;   m a n y   name s   are   om itted   here   for   l a c k   of   space   r ath er  

t h a n   for   l a c k   of   a p pr e ci a ti o n»

M e mb e r s   of   the   Ge o l o g y   D e p a r t m e n t   and   other   fa cu lt y   m e m -

b e r s   of   the   C o l o r a d o   S c h o o l   of   Min es   offered   va lu a bl e   s u g g e s -

ti ons   and   ad v ic e   thr o ug h ou t   this   w or k.   The   d o c t o r a l   c o m m i t -

tee   co ns ist ed   of   P r o f e s s o r s   R»   M.   Hutch ins on ,   P.   H.   Keating,

M»   A.   Kl ugman,   F»   M.   Carpenter,   A.   G.   P e g i s ,   and   N.   C»   Schi el tz»  

C h e m i c a l   a n al ys e s   of   f e l d sp a rs   we r e   k i nd l y   ma d e   by   Dr.   R.   E»  

B i s q u e   and   Mr.   G*   E.   M a n n i n g   of   the   C h e m i s t r y   De pa r tm e nt .  

P r o f e s s o r   L.   J.   Pr i n ce   of   the   M a t h e m a t i c s   D e p a r t m e n t   prov id ed  

i n v a l u a b l e   a s s i s t a n c e   in   d e v e l o p i n g   the   p r o g r a m   for   the   d i g i -

ta l   co mp uter.

T o   the   l an d ow n er s   w h o   gav e   the   w r i t e r   acces s   to   their  

pr operty,   he   e x p r e s s e s   his   gr at i tu d e;   to   those   w h o m  he   w as  

u n a b l e   to   c on t ac t   for   pe rmission,   he   offers   his   ap o l o g i e s   for  

t r es p as s in g .

F i n a n c i a l   a s s i s t a n c e   f o r   this   stu dy   was   prov id ed   by   a  

g e n e r o u s   g r ant   f r o m  S i g m a   X i - R E S A  R e s e a r c h   Fu n d   and   a   gr ad u at e  

f e l l o w s h i p   f r o m   the   S u n r a y - M i d c o n t i n e n t   Oil   Company.   W i t h o u t
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th is   assistance,   the   w o r k   could   not   have   be e n   carried   out.

Th e   w r i t e r   is   in d ebt ed   to   Mr.   Philipp e   J.   Coudeville,  

w h o   acted   as   d r i v e r   d u r i n g   part   of   the   field   workj   to  

Mr*   R u s s e l l  R.   Flowers,   w h o   assist ed   w i t h   sampl e   p r e p a r a t i o n  

and   to   M r s .   M a r v y l   St eff on ieh ,   w h o   typed   the   fi n al   ma n u sc r ip t .

T o   my   wife,   Marjorie,   w h o   a s si st ed   in   c ou nt le ss   ways,  

and   to   my   family,   w h o   suff er ed   w i t h o u t   c o m pl ai n t   d u r i n g   this  

work,   I   a m  mo s t   d e e pl y   i n d e b t e d .
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P H Y S I O G R A P H Y

The   D e v i l s   Head   qu a d r a n g l e   lies   on   the   b o u n d a r y   b e t w e e n  

t wo   p h y s i o g r a p h i c   pr o vi n ce s .   The   m o u n t a i n o u s   w e s t e r n   part   is  

in   the   Fr o n t   R an g e   s ec t io n   of   the   So u t h e r n   R o c k y   M o u n t a i n  

pr ovince,   and   the   fo o th i ll s   be lt   on   the   e as t e r n   edge   of   the  

q u a d r a n g l e   is   in   the   C o l o r a d o   Pi e dmo nt   s e c t i o n   of   the   Great  

Pl ai ns   p ro vi nce .   ( Fenneman,   1941,   p.   31,   98,   PI*   I).

B e c a u s e   of   this   division,   the   a r e a   has   a   wid e   va ri e t y   of   t o p o -

g r ap h i c   f e atu re s  .

The   mo un tai ns ,   the   n o r t h e r n   par t   of   the   R am p a r t   Range,  

re p r e s e n t   a   h i g h l y   di s s e c t e d   peneplain,   w h i c h   F e n n e m a n   (1931,  

p.  9 8)   termed   the   S o ut h   P a r k   pe ne pl ain .   This   surface,   at   an  

a l t i t u d e   of   a   little   over  8 0 0 0  feet,   is   e a si ly   d i s t i n gu is h ed  

in   the   field   and   is   s t r ik i ng l y   a p p a re n t   w h e n   viewed   f r o m   a  

d i sta nc e.   The   R a m p a r t   Ra n g e   road   g e n e r a l l y   follows   ridges  

c o r r e s p o n d i n g   to   this   su rf a ce   th ro ug h   the   a r e a   and   on   south  

to   C o l o r a d o   Spri ng s.   Van   T u y l   and   L o v e ring   (1935)   pos t ul a te d  

s e v e r a l   p a r t i a l   pe n e p l a i n s   in   this   area.   T h eir   in t e rp r et a ti o ns

10
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we r e   ne it h e r   con fir me d   nor   refuted   d u ri ng   this   s t u d y „   The  

s im ple r   e x p l a n a t i o n   of   F e n n e m a n   is   adopte d   here  »

D e v i ls   Head   pr o je c ts   above   this   surfa ce   as   a   great   a n g u -

lar   mo na dnock,   and   streams,   g e n e ra l ly   f o l lo w in g   fault   lines  

and,   in   places,   p r o m i n e n t   joint   systems   have   cut   ste ep-sided  

va ll eys   b e t w e e n   the   r i d g e s „   R e l i e f   across   these   valleys   is  

fr o m   300   to   700   feet   in   a   q u ar t er   of   a   m i l e „   T ot al   relief  

in   the   ma pp e d   a r e a   is   about  3 5 7 0  feet,   f r o m   an   alti tu de   of   about  

6 l 8 0   feet   at   the   Hy -W a y   He r efo rd   R a n c h   in   the   no r th e as t   c o r -

ne r   of   the   qu a dr a n g l e   to   97 4 8   feet   at   D evi ls   H e a d .

On   the   east   the   m o u n t a i n s   slope   a b r u p t l y   down   to   the  

s of ter   s e d im e nt a ry   rocks   of   the   fo oth il ls   belt  »   Near   the  

m o u n t a i n   front,   w h e r e   the   beds   have   b e e n   s tr on gly   tilted   by  

f o ld i ng   and   faulting,   are   h o g b a c k   ridges   of   resi st ant   strata  

sep ar ate d   by   s h a l l o w   v a ll e ys   cut   in   softer   l a y e r s .   W h e r e   the  

be ds   lie   mo r e   n e a r l y   flat,   g r a v e l - c o v e r e d   surfaces,   w h i c h   a p -

pea r   to   be   hi g h ly   di sse c te d   remnants   of   a   former   broad   p e d i -

ment,   slope   ge nt l y   e a s t w a r d .

Ap pa re n tl y ,   the   land   forms   are   the   result   of   d i s s e c t i o n   of  

a   r e g i o n a l   p e n e p l a i n   dev el op e d   on   Lar amide   st ru ctu re s   in   P l i o -

cene   time  »   Late r   u p l i f t   caused   renewed   down- cut ti ng,   w h i c h  

formed   the   canyons   in   the   mo u n t a i n s   and   a   lower   p e n e p l a i n   on  

the   s ed i m e n t a r y   rocks   of   the   Great   Plains  »   Dav i s   (1912,   p.   31)  

re c og n iz e d   two   cycles   of   u p l i f t   after   the   g en e r a l   Great   Plains  

pen ep la n at i on ,   and   V a n   Tuyl   and   L ov e r i n g   (1935,   p.   1295)
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r e co g n i z e d   s ev era l   stages   of   uplif t   du r i ng   the   c a n y o n - c u t t i n g  

p e rio d   in   the   m o u n t a i n s  »   Th es e   separat e   stages   w er e   not   d i s -

ti ng uis he d   in   this   s t u d y „

The   De v il s   Head   q u a d r a n g l e   lies   in   the   S o uth   Platte   R iv e r  

dr ai n a g e   system.   A l t h o u g h   n o   ma j or   streams   flo w   throu gh   the  

quadran gl e,   s ev e ra l   smal l   pe r e n n i a l   streams   and   some   i n t e r m i t -

tent   streams   flo w   f r o m   i t <,   On   the   west.   D e e p   Greek,   Pine  

Creek,   and   B e a r   C r e e k   fl ow   n or t h w e s t   to   join   the   No rt h   Po r k  

of   the   S ou t h   Platte   R i v e r   a   few  mi le s   a w a y .   On   the   east,  

J a c k s o n   Creek,   G a rb e r   Greek,   Jarre   Creek,   and   Indian   C r ee k  

fl o w   n o r t h e as t   and   ea st   out   of   the   a r e a   to   join   We s t   Pl u m  

Creek,   w h i c h   In   tu rn   flows   n o r t h   to   the   S ou th   Platte   R iv er  

n e a r   L i t t l e t o n .
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S T R A T I G R A P H Y

The   rocks   of   the   D e v i l s   Head   qu adr a n gl e   include   c r y s t a l -

line   rocks   of   the   P r e e a m b r i a n   b a s e m e n t   and   s ed i m e n t a r y   rocks  

r a n g i n g   in   age   f r o m  U p p e r   C a m b r i a n   to   Recent.   E v e ry   ge ol o gi c  

s y s t e m   is   re p re s e n t e d   ex c e pt   the   Ordovician,   Silurian,   D e v o n -

ian   and   Mi s s i s s i p p i a n .   O r d o v i c i a n   and   M i s s i s s i p p i a n   rocks  

cr op   out   just   south   of   the   areaj   si mi l a r   rocks   pr e su m a b l y   were  

once   d e p o s i t e d   in   this   ar e a   and   later   eroded   away,   S i l u r i a n  

and   D e v o n i a n   rocks   p r o b ab l y   we r e   ne v er   de po s it e d   here.

Mo s t   of   the   D e v i l s   Head   qu ad r a n g l e   is   u n d e r l a i n   by   c r y s -

ta ll in e   rocks.   The   s ed i m e n t a r y   rocks   f o r m   a   n a r r o w   belt,  

a b o u t   a   mi le   wide,   al on g   the   east   edge   of   the   q u ad ra ngl e.

The   total   se ct i on   of   s e di m e n t a r y   rocks   in   the   qu a dr a n g l e  

Is   abou t   1 3 , 00 0   feet   thick.   Parts   of   the   F o u n t a i n   fo r m a t i o n  

and   the   Pierre   shale   are   m i s s i n g   as   the   result   of   faulting,  

and  the   u p p e r   p or t i o n   of   the   D a w s o n   a rko se   has   b e e n   eroded  

a w a y .   C o n ta c ts   b e t w e e n   In d i v i d u a l   fo rm at ion s   are   P G O B l y

13
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e x po s e d   in  m o s t   p la ce s   or   not   at   all,   so   that   th i ckn es ses   of  

i n d i v i d u a l   f or m at i o n s   cannot   be   m e a s u r e d   acc ur ate ly .

Pr ee a mb r ia n

Th e   P r e e a m b r i a n   rocks   rise   in   a   s h a r p   e s ca r pm e nt   above  

the   se d i m e n t a r y   rocks,   p ro b a b l y   as   the   result   of   d i f f e r e n t i a l  

r e s i s t a n c e   to   e r o s i o n   combin ed   w it h   thrust   faulting.   In   most  

places,   the   co n tac ts   are   obs cur ed   by   slope   w a s h   f r o m   the   es^  

carpment,   so   the   e xa ct   p o s it i o n   and   na tu r e   of   the   co nt a c t   can  

only   be   inferred.   N o r t h   of   J ac k s o n   C r e e k   the   cr y st al li ne  

roc ks   p r o b a b l y   con t ac t   the   se di m en t ar y   rock s   a lo n g   a   st eeply  

w e s t - d i p p i n g   thr u st   fault.   S o ut h   of   J a c k s o n   G r e e k   the   s e d i -

m e n t a r y   rocks   rest   n o n c o n f o r m a b l y   on   a   pe n ep l a i n e d   surface   of  

g r a n i t e .

M e t a m o r p h i c   rocks   are   found   in   the   n o r t h w e s t   corn er   of  

the   D e v i l s   Head   Q u a d r a n g l e   proper.   A   n a r r o w   band   of   m e t a m o r -  

p h ic s   a lo n g   the   m a r g i n   of   the   b a t h o l i t h   in   the   south   of   Has -  

sler   Q u a d r a n g l e   w a s   e x am i ne d   and   is   included   in   this   area  

( Plate   2).   The   rest   of   the   ar e a   is   u n d e r l a i n   b y   Pikes   Peak  

g r a n i t e .

The   m e t a m o r p h i c   rocks   we re   o ri g i n a l l y   laid   dow n   as   a  

t h i c k   series   of   sediments,   i nt e r c a l a t e d   w i t h   a n d e si t ic   lava  

flows,   intrud ed   by   d io r i t i c   sills.   The   p ri m a r y   fea tu r es   of  

the   rocks   have   b e e n   d e s t r o y e d   by   m e t a m o r p h i s m   ( Ball,   1906,  

p.  3 7 5-3 7 6),   and   the   s t ra t ig r a p h i e   r e l a t i o n s h i p s   are   largely
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obscur ed  »   C o r r e l a t i o n   of   ro ck   types   as   beds   or   st ra t a   is   u n -

certain,   eve n   over   short   distances,   a l th ou g h   re ce n tl y   Boo s  

(1 9 6 0)   at te m pt e d   to   c o rre la te   a   series   of   beds   over   a   dis tance  

of   some   24   m i l e s  »

B e c a u s e   their   s t r a t i gr a ph i e   feat ur es   are   obscured   and  

t h eir   se d im e n t a r y   pr o pe r t i e s   have   b e e n   destroyed,   these   m e t a -

m o r p h o s e d   sediments,   as si g ne d   to   the   Idaho   Sp ri ngs   formation,  

w i l l   be   treated   in   later   sections.

Pal eo zo ic

The   Pa leo z oi c   rock s   of   the   De v i ls   Head   q u ad r an g le   include  

the   S a w a t e h   sa n ds t on e   of   U p p e r   C a m b r i a n   a g e3  a   series   of   s a n d -

stone   di kes   of   pr ob ab l e   U p p e r ' C a m b r i a n   age|   the   F o u n t a i n   f o r m -

a t i o n   of   P e n n s y l v a n i a n   age,   the   Lyons   sa nds t on e   of   P er mi an   age  a  

and   the   L yki ns   formation,   the   lower   part   of   w h i c h   is   of   Per mi an  

a ge   and   the   u p p e r   pa rt   of   w h i c h   is   of   T r ia ss i ç   age.   E x c e p t   for  

the   sa nd s to n e   dikes.   Pa leo zo ic   rocks   are   found   only   on   the  

s o u t h e a s t   edge   of   the   q u a d ra n gl e .   S a n d s t o n e   dikes   are   found  

a l l   a l o n g   the   eas t   edge   of   the   area,   n ea r   the   bend   of   J ac k s o n  

G r e e k   in   the   c ent er   of   the   q u a d ra n gl e   and   in   the   n o r t h we s t  

c o r n e r   of   the   area,

C a m b r i a n

S a w a t e h   san ds to n e

N o m e n c l a t u r e s   T he   nam e   "Saw at eh   q ua rtz lt e"   w as   a p -

p l i e d   by   E l d r i d g e   ( Emmons,   Gross,   and   Eld ri dg e ,   1894)   to   the
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s e d i m e n t a r y   series,   q u a r t z it e   and   sandstone,   that   i m m ed i at e ly  

o v e r l i e s   the   P r e ea mb r ia n   rooks   in   the   A n t h r a c i t e - C r e s t e d   Bu tt e  

q u a d r a n g l e s   and   is   w i d e l y   d i s t r i b u t e d   on   the   flanks   of   the  

S a w a t e h   R a nge   in   ce nt r a l   Colo rad o.   S im il a r   s tra ta   on   the   east  

side   of   the   Front   R a n g e   we r e   d is t i n g u i s h e d   by   va ri o u s   names  

u n t i l   R i c h a r d s o n   (1915)   ad opted   the   na me   "Sawateh"   for   the  

b a s a l   sands to ne   in   the   Perry   P ar k   area,   and   the   f o r m at i on   has  

g e n e r a l l y   b e e n   kn ow n   as   the   S a w a t e h   sa ndstone   s i n c e .

L i t ho l og y  i   The   S a w a t e h   s a nds to ne   crops   out   at   only  

t w o   p l ace s   in   the   De vi l s   Head   q u a d r a n g l e — just   n o r th   of   Ho g  

J o h n   G ul ch   in   N W £   sec.   21,   T.   9   S. ,   R.   68  ¥. ,   and   just   south  

of   S p r i n g   Gulch   in   NEj;   sec.   17,   T.   9   S. ,   R.   68   W.

The   b a s a l   part   of   the   S a w a t e h   co ns ist s   of   w h i t e   to  

tan,   f i n e - g r a i n e d   or t ho q ua rt zit e,   g e n e r a l l y   massive,   but   wi t h  

s c a t t e re d   c o n g l o me ra t ic   lenses   c o n t a i n i n g   peb bl es   u p   to   5   m m  

in   di ameter.   This   b a s a l   part   is   o v e rl a in   by   s e v e r a l  feet   of  

w h i t e   to   tan,   fine-   to   m e di u m - g r a i n e d ,   s u b an g ul a r   to   rounded  

q u a r t z   san d st o ne   and   o r t h o q u a r t z i t e   wi t h   nu me r ou s   c o n g l o m e r -

at ic   lenses   co n t a i n i n g   qu a r t z   and   f e l ds p ar   p e bb le s   u p   to   8   m m  

in   diame te r.   C r o s s - b e d d i n g   is   c o m m o n   t h ro u g ho u t   this   layer.  

T he   u p p e r   part   of   the   se que nc e   co ns ist s   of   light   b r o w n   to  

m a r o o n   and   wh i te   fine-   to   m e d i u m - g r a i n e d   s u br ou nde d   quartz  

s a nd st one .   Di m o ni t e   and   h e m a t i t e   are   co n sp i cu o us   in   the  

colore d   portions,   and   some   a r g i l l a c e o u s   m a t e r i a l   is   present.  

B e d d i n g   varies   f r o m   thin   to   massive,   and   c r o s s - b e d d i n g   is
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p r e s e n t •   B e d d i n g   va ri es   f r o m   thin   to   massive,   and   c r o s s - b e d -

d i n g   is   p r es e nt   in   the   th ic ker   b e d s .

P a l e o n t o l o g y  i   N o  fo ssils   w e r e   found   in   the  Sa wa t eh

s an d s t o n e  in   this   area,   but  Cross   (1894)   m e n t io n ed  a   few   U p -

p e r  C a m b r i a n   fo ss i ls   in   the  Pikes   Pea k   area.

T h i c k n e s s i   At  S p r i n g   Gulch,   the   S aw a te h   is  20   feet

t h i c k5  at   H o g   J o h n   Gulch,   55   feet.   Br ai ne r d,   Baldwin,   and  

K e y te   (1933,   p.   379)   m e n t i o n   mo re   than   100   feet   in   Perry   Park  

and   45   feet   ne a r   M a n i t o u   S p r i n g s .   M a h e r   (1950,   p.  1 6-1 9)  

r e p o rt e d  8 7  fe et   at   Cove   Canyon,   75   feet   at   M i s s o u r i   Gulch,  

and   51   feet   at   W i l l i a m s   C a n y o n .   The   f o r m a t i o n   ap p ar e n t l y  

thi ns   bo t h   n o r t h   and   sou th   f r o m   Perry   Park.   B r a i n e r d ,   B a l d -

win,   and   Ke y t e   felt   that   the   Sa w at e h   sa nd sto ne   was   p r o ba b ly  

d e p o s i t e d   over   a  wi d e   area,   b ut   was   p a r t l y   removed   by   later  

ero si on.   Thi s   vi e w   acc o rd s   w i t h   the   or ig in   pro pos ed   by  

V i t a n a g e   (1954)   for   the   sa nds to ne   dikes.

N a t u re   of   co n tac ts  1  In   the   D e vi ls   Head   q ua d r a n g l e  

the   S a w a t e h   s an d st o ne   rests   n o n c o n f o r m a b l y   on   a   n e a r l y   pla na r  

su rf ace   of   Pikes   Pe ak   granite,   and   is   o v e r l a i n   u n c o n f o r m a b l y  

b y   the   F o u n t a i n   format io n.

E n v i r o n m e n t   of   d e p o s i t i o n ?   Its   n e a rl y   pl a na r   c o n -

ta c t   w i t h   the   u n d e r l y i n g   granite,   its   h i gh   quart z   content.

Its   r e la t i v e l y   good   so r t i n g   and   rounding,   and   the   p re se nce   of  

c r o s s - b e d d i n g   in di c at e   that   the   S aw a te h   sa nds t on e   wa s   de po sit ed  

in   s ha ll o w   w a t e r s   of   a   slow ly   tr a n s g r e s s i n g   sea.
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Age   and   c o r r e l a t i o n ?   The   S a w a t e h   s an d st o ne   ( q u a r t -  

zite)   Is   consid er ed   to   be   of   U p p e r   C a m b r i a n   age   by   the   U.   S.  

G e o l o g i c a l   S u r v e y   ( Wilmarth,   1938,   p«   1936)•   It   has   b e e n   c o r -

r e la te d   wi t h   the   I gn a ci o   q u a r t z i t e   of   s o u t h w e s t e r n   Colorado,  

the   R e a g a n   san ds to ne   of   Oklahoma,   the   B l i s s   sa nd st on e   of   the  

F r a n k l i n   M o u n t a i n s   of   We s t   Texas,   and   part   of   the   Dea dw o od  

f o r m a t i o n   of   Wyoming,   all   of   w h i c h   are   l i t h o l o g i c a l l y   similar,  

by   Br ainerd,   B a l d w i n   and   Keyt e   (1933,   p.   379),   and   to   the  

L am o tt e   s a nds to ne   in   the   su b su rf ac e   of   e a s t e r n   C o l o r a d o   and  

w e s t e r n   K an s a s   by   M a h e r   (1951,   p.   88').

U p p e r   Ca mb r i a n   (?)

S a n d s t o n e   dik es

N o m e n c l a t u r e  ;   T a b u l a r   bo d i e s   of   qu a r t z i t e   and   s a n d -

stone,   that   in   their   f o r m   and   m o d e   of   o c cu r re n ce   have   a ll   the  

c h a r a c t e r i s t i c s   of   ig neous   in tr usi ve   dikes,   have   be e n   observed  

in   m a n y   pl ac es   in   the   s o u t h e r n   Fr o nt   R a n g e ,   The y   w e r e   first  

rep or ted   by   Cros s   ( 1894b),   w h o   referred   to   t h e m   as   ”sand sto ne  

d i k e s , ,1   and   la te r   w o r k e r s   have   ad opted   this   usage,   al t h o u g h  

the   r o c k   is   mo r e   o f ten   q u a r tz i te   than   sa nd sto ne .   No   f o r m a -

tion   na m e   is   j us tif ie d   for   these   dikes   be c a u s e   of   their   r e l a -

t i ve ly   sm al l   size   and   sp ora di c   o c c u r r e n c e .

The   dike s   rep ort ed   by   Cross   (1894a)   are   ne a r   W o o d -

land   Park.   C r o s b y   (1897)   found   a d d i t i o n a l   dikes   around  

M a n i t o u   and   Ch e y e n n e   Canyon.   F i n l a y   (1916)   al s o   reported   on
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s a n d s t on e   dik es   in   the   C o l o r a d o   Spr in gs   q ua d r a n g l e  »   R o y   (1946)  

m e n t i o n e d   a   belt,   50   m i l es   long,   that   is   ch ara c te r iz e d   by   these  

di kes  »   H a r t m a n   ( 1 9 5 1 ̂   p •   44)   reported   sand sto ne   dikes   a s s o -

c i ate d   w i t h   the   Ute   Pass   fault   near   We s t   Creek.   Vi t a n a g e  

(1954)   de sc r ib e d   the   o c cu r r e n c e   of   sev er al   dikes   al o ng   the  

c o n t a c t   b e t w e e n   the   Pikes   Pe ak   gra nit e   and   the   Idaho   Springs  

f o r m a t i o n   in   the   S o u t h   Platte   area.   Harm s   (1958)   mappe d   a  

n u m b e r   of   sa nd s to n e   dikes   al o n g   the   e as t er n   fl a n k   of   the   s o u t h -

e r n   F r on t   R a n g e  »   P e t er s on   and   Scott   ( i9 6 0,   p.  1 8 3)   m e n t i o n  

s a n ds t on e   dik es   in   the   K a s s l e r   and   Platte   C a n y o n   q u a dr a ng l es  »

O c c u r r e n c e s   In   this   study,   san ds to ne   dikes   w e r e  

found   a lo n g   the   e a s t e r n   edge   of   the   Pikes   Pe ak   granite,   in  

the   cente r   of   the   q u a d r a n g l e   ne a r   the   bend   in   J a c k s o n   Creek,  

and   in   the   n o r t h w e s t   co rn er   of   the   q ua d ra n gl e   al o n g   C o l or a do  

H i g h w a y  6 7»   In   all   these   oc cur r en c es   the   d i kes   are   in,   or  

i m m e d i a t e l y   adj a ce n t   to,   fault   zones.   S i m i l a r   close   a s s o c i a -

ti o n   w i t h   f a u l t i n g   is   p oi n te d   out   by   the   w r i t e r s   listed   a b o v e .

The   dikes   in   this   a r e a   range   in   th ic k n es s   f r o m   less  

tha n   an   inch   to   as   m u c h   as   40   feet|   some   of   t h e m   tend   to   pinc h  

and   swell.   The   av e ra g e   w i d t h   is   about  5  f e e t .   The y   are   l a r g -

e l y   covered   by   g ra n i t e   w a s h   or   soil,   so   that   they   cannot   be  

trac ed   for   any   dis ta n ce   a lo n g   s t r i k e .   Mo st   of   those   seen  

w e r e   exp osed   for   only   a   few   feet,   others   for   a   f ew   tens   of  

feet,   and   one   was   traced   d e f i n i t e l y   for   n e a rl y   400   feet,   and  

e i t h e r   It   or   related   dikes   w e r e   traced   a lo ng   the   same   strike
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for   a n o t h e r  6 0 0  f e e t ,

The   dike s   g e n e r a l l y   trend   w i t h i n   a   f ew   de gre es   of  

north,   p a r a l l e l   or   s u b - p a r a l l e l   to   the   fault   zones   w i t h   w h i c h  

th ey   are   as sociated,   and   mo st   of   t h e m   are   n e a rl y   vertical,  

a l t h o u g h   a   few   dip   as   low   as   6 0 ° W a   In   places   the   dikes   se em  

to   be   m or e   r e s i st an t   than   the   gra ni te   and   stand   a   few   inches  

to   a   few   feet   abov e   the   surface,   but   in   m o s t   places   they   se e m  

to   w e a t h e r   at   the   same   rate   or   sli ght ly   faster   than   the   g r a n -

ite   and   ex p o s u r e s   are   p o o r0  Prob ab ly   other,   co nc ea led   dikes  

o c cur   in   the   areaj   q u a r t z i t e   float   i d e n t ic a l   to   the   dike   rocks  

was   found   in   se ve r al   places   wh er e   no   dikes   we re   s e e n „

Mos t   of   the   dike s   a pp ea r   to   be   simple   ta bu lar   b o d -

ies,   b u t   some   of   t h e m   are   d i s t i n c t l y   war p ed   and   a   few   split  

and   re j oi n   ar o un d   s m al l   horses   of   g r a n i t e „   Co n ta c ts   w i t h   the  

granite,   w h e r e   they   can   be   cl ear ly   seen,   are   g e n e r a l l y   sharp.  

A l o n g   Co l o r a d o   H i g h w a y  6 7>   in   N W ̂   sec.   16,   T.  8  N . ,   R.  6 9 W. ,  

a   san ds to ne   dike   has   b e e n   intruded   by   a   ma fic   igneous   dike,  

n o w   hi g hl y   a l t e r e d .   P os t- di ke   f a u l ti n g   is   indic at ed   by   slic k-  

e n s i d e s   and   b r e c c i a t i o n   in   some   of   the   d i k e s .

Li t h o l o g y   and   i n t e rn a l   s t r u c t u r e s   In   tex ture   and  

composit io n,   the   sa n ds t on e   dikes   are   p r a c t i c a l l y   i n d i s t i n g u i s h -

ab l e   f r o m   the   S a w a t e h   s a n d s t o n e .   The   rocks   of   the   dikes   are  

p r e d o m i n a n t l y   light   t an   and   b r o w n   to   p u r pl i sh   or t h o q u a r t z i t e s  

w i t h   some   fi rm ly   cement ed   to   friable   s a n d s t o n e .   The   te xt u re  

g e n e r a l l y   is   fine -   to   c o ar s e- g ra i ne d   w i t h   m o d e r a t e   to   good
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s o r t i n g   and   round in g.   The   g ra in s   are   chi ef ly   quartz,   w i t h   a  

litt le   feldspar,   chalcedony,   and   m i c a .   The   cement   is   largel y  

iron   oxid es   and   s il ica  «   Fresh,   a ng u la r   to   subangular,   peb bl e-  

sized   fr ag m en t s   of   gr an i t e   are   a b un da n t   in   some   dikes,   p a r t i -

cu la r l y   a l on g   the   w a l l s .

Som e   of   the   dikes   show   rather   po or ly   defined   b a n d -

ing,   si mi l ar   to   bed ding,   p a r a l l e l   to   the   w a lls   of   the   dike;  

and   e l o n ga t e   gr a n i t e   i nc l us i on s   are   al ig ne d   mo re   or   less   p a r -

a l l e l   to   the   wa ll s .   Ho   h o r i z o n t a l   l a ye r in g   was   observed.  

J o i n t i n g   tends   to   be   p a r a l l e l   to   or   p e r p e n d i c u l a r   to   the   walls,  

e x c e p t   in   the   mo r e   ma ss i ve   dikes,   wh e r e   there   is   a   tend en cy  

toward   wa r pe d   fr a ct u re s   r ath er   than   p l a na r   joints.

O r i g i n   and   a g e  ;   C l as t ic   dikes,   k no w n   for   more   than  

a   century,   s e e m   g e o l o g i c a l l y   ano malous;   m a n y   of   th e m   have   be e n  

de s c r i b e d   and   nu m e r o u s   at t e m p t s   to   e x p l a i n   t h e m   have   be e n   m a d e .  

N e w s o m   (1903)   reviewe d   the   lit er at u re   on   cl astic   dikes   up   to  

that   time   and   listed   the   k n o w n   dike   rooks   and   the   types   of  

e n c l o s i n g   rooks.   He   al so   tabu la ted   ( p,   268)   the   p r ob a bl e  

m o d e s   of   f o r m a t i o n   of  such   dik es   as   fol lows;

a.   B y  i n j e c t i o n   f r o m   below,   al o n g  w i t h  water,
p e t r o l e u m   or   p e t r o l e u m   residues.   I n j e c -
tion   due   to   h y d r o s t a t i c   pressure,   p r e s -
sure   f r o m   o v e r l y i n g   beds,   p r e s su r e   fr o m  
gas,   or   c o m b i n a t i o n s .

b .   By  i n j e c t i o n   f r o m   above.

c.   By  m a t e r i a l   b e i n g   let   do wn  g r a d u a l l y  f r o m
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above,   s y n c hr o no u sl y   wi th   the   slow   f o r m a -
ti on   ( by   leachin g   of   water)   of   openings   in  
u n d e r l y i n g   cal ca re o us   rocks.

e »   By   d e p o s i t i o n   of   sedim en ts   in   fissures,   p a r -
t i all y   or   e n t i r e l y   un d e r   the   sea,

N e w s o m  reg ard ed   i nj e ct i o n   f r o m  b e l o w   as   the   most   c o m -

m o n   o r i g i n5  he   de sc r ib e d   a   nu mb e r   of   dikes   formed   in   that   w a y „  

D i l l e r   (1 8 9 0)   had   p r e v i o u s l y   expl ai ned   some   dikes   in   Ca li f o r n i a  

as   o r i g i n a t i n g   d u r i n g   ea rt h q u a k e s   ( faulting)   by   the   fi l li n g   of  

f r a c t u r e s   f r o m  b e l o w   w i t h   the   aid   of   ab un da n t   water.   He   cited  

the   sand   fo un ta in s   and   si mil ar   p h e n o m e n a   a c t u a l l y   observed  

d u r i n g   ea r thq ua kes .

C r osb y   (1 8 9 7 )   e x pl a in e d   the   dikes   of   the   Ute   Pass  

a r e a   as   b e i n g   formed   by   se tt l in g   of   overlying,   u nc o ns o l i d a t e d  

P o t s d a m   ( Sawateh)   sands   into   fiss ur es   opened   by   m o v em e nt   al on g  

the   Ute   Pass   fault,   and   by   si nk ing   of   n a r r o w   sh e et - li k e   gr a b en  

of   g r a n i t e   w i t h   their   ov e r l y i n g   sands.

Roy   (1946)   b e l i e v e d   the   dikes   w e r e   formed   in   c o n n e c -

t i o n   w i t h   th ru s t   fa ulting;   q u i c k s a n d - l i k e   ma terial,   derived  

f r o m   the   s e d i me n ta r y   rocks   of   the   d o w n t h r o w n   block,   was   i n -

jected   u p w a r d  in t o   fis su r es   in   the   cr y s t a l l i n e   rocks   of   the  

u p t h r o w n   block.

Mo n ro e   (1951)   de scr i be d   some   dike s   in   Texas   that  

w e r e   forme d   by   m a r i n e   se di m en t s   d epo si ted   in   te nsi on   cracks  

op en ed   al o n g   the   sea   floor.   -

V i t a n a g e   (1954)   called   u p o n   the   i n je c ti o n   fro m
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a b o v e   int o   f i ss ur es   opened   by   s ub ma ri ne   faulting,   a f ter   the  

w a l l   rock s   had   b e e n   covered   by   se di men ts   bu t   be fo r e   those  

se d i m e n t s   w e r e   i n d u r a t e d •   F or c e   f o r   i n j e c t i o n   was   su pplied  

b y   the   w e i g h t   of   o v e rl y in g   beds.

Ha r m s   (1958)   b e l ie v ed   the   dike s   to   be   of   L a r a m i de  

age   b e c a u s e   of   thei r   a s s o c i a t i o n  w i t h   L a r a m i de   faults.   He  

a t t r i b u t e d   the   di kes   to   the   in j ec t io n   of   w a t e r - s a t u r a t e d   sands  

u p w a r d   and   dow n wa r d   into   ove r th r us t   ma ss e s   of   granite .   In   a  

t a l k   b e f o r e   the   R o c k y   M o u n t a i n   Section,   G e ol og i ca l   So c ie t y   of  

Am erica,   in   Golden,   Colorado,   8   May   1958,   he   ex pla i ne d   that  

the   sands   w e r e   deriv ed   f r o m   the   d i s a g g r e g a t i o n   of   p r e - L ar a mi d e  

s a n d s t o n e s   by   the   forces   of   faulting.

F r o m   the   pre se nt   study   it   is   b e li e ve d   that   the   l i t h -

o l og y   and   s tr u ct u re   of   the   dike s   in   this   ar e a   offer   clear  

p r o o f   of   t he ir   origin.   They   mu s t   have   b e e n   injected   downward,  

as   a   sl ur ry   of   u n c o n s o l i d a t e d   Sa w a t e h   sands,   into   fi ss ure s  

fo rm ed   by   f a u l t i n g   in   late   S a w a t e h   or   ea rl y   p o s t - S a w a t c h   time.  

Th is   c o n c l u s i o n   w o ul d   date   th e m   as   U p p e r   C a mb ri a n   or   perhap s  

L o w e r   O r d ov i ci a n.

The   ab s en c e   of   h o r i z o n t a l   bedding,   the   fl ow   b a n d i n g  

p a r a l l e l   to   the   walls,   and   the   o r i e n t a t i o n   of   i n cl us ion s   p a r a l -

lel   to   the   w a l l s   In d ic a te   thei r   f o r m at io n   by   i n j ec t io n   rathe r  

th a n   by   s e d i m en t at i on .   It   is   m o s t   u n l i k e l y   that   f i ss ur e s   as  

l a rge   as   som e   of   the   dikes   could   r e m a in   open   and   unfilled,  

sin ce   the   dike s   m u s t   hav e   b e e n   i nj ec te d   co nc u r r e n t l y   w i t h   the
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o p e n i n g   of   the   f i s s u r e s ,

The   sands   mus t   have   b e e n   injecte d   f r o m  ab ov e   b e -

ca use   there   is   no   down wa rd   source   for   them.   Sands   in   the  

I d aho   S p ri n g s   fo r m a t i o n   could   not   have   remain ed   u n c o n so l id a te d  

d u r i n g   i n t r u si o n   and   c o n s o l i d a t i o n   of   the   granite,   and   there  

is   n o   ev id e n c e   that   the   g ra ni t e   mu s h r o o m e d   out   over   part   of  

the   Idaho   S p r i n g s   forma tio n.   D e r i v a t i o n   of   the   sands   f r o m  

the   se d im e n t a r y   rocks   in   the   f o o t w a l l   b l o c k   of   the   Go lde n-  

Fr o n t   R a n g e   thrust   fault   is   un t en ab le .   E v e n   w i t h   a   dip   as   low  

as   10   degrees,   the   sole   of   the   fault   woul d   lie   n e a r l y   a   mile  

d e e p   alo n g   the   w e s t e r n   edge   of   the   De v i ls   He a d   quadrangle,   and  

at   the   dike   n ea r   Pine,   C o l o r a d o   ( Vitanage,   195^,   p.   496)   the  

sole   w o u l d   be   n ea r l y   2^  m i l es   deep.   Upwar d   i n je c ti o n   of   slurry  

over   such   d i s t a n c e s   is   h i gh l y   improbable.   Moreover,   the   be st  

ev i d e n c e   I nd i ca t es   that   the   thrust   fault   in   the   De v il s   Head  

q u a d r a n g l e   a c t u a l l y   dips   50   d e gr ee s   or   more.   A l t h o u g h   these  

ob je c t i o n s   are   less   valid   for   those   dikes   ne ar   the   eas t e rn  

edge   of   the   granite,   it   is   u n r e a s o n a b l e   to   p os t ul a te   d i f f e r -

ent   o ri gi n   for   dikes   so   m a n i f e s t l y   similar.

The   l i t h o l o g i c a l   s im il a ri t y   of   the   dike   rocks   to  

the   S a w a t e h   s a nd s to n e   was   re co gn ize d   by   C r o s b y   (1897,   p.   140)  

and   Vi t a n a g e   (1954,   p.   500).   These   w r i t e r s   al s o   poi nt ed   out  

d i s s i m i l a r i t i e s   to   other   s an dst on es   in   the   region.   E x a m i n a -

tion s   of   s pec im en s   of   S a w a t e h   sa nds t on e   and   of   s and st on e   dikes,  

c o l l ec te d   w i t h i n   100   ya r ds   of   eac h   other,   d e m o n s t r a t e   the







T - 9 0 1 27

sands   over   a   m u c h   w i d e r   a re a   than   is   n o w   rep re se n te d   by   the  

d i s t r i b u t i o n   of   o u tc ro p s   of   S aw a t e h   s a n d s t o n e6  A f t e r   the  

d e p o s i t i o n   of   a   c o n s i d e r a b l e   thick nes s   of   S a w a t e h   sands,   and  

p e r h a p s   of   later   sediments,   bu t   prio r   to   in du r at i on   of   the  

b a s a l   S a w a t e h   sands,   f a u lt i ng   opened   fissures,   in   the   u n d e r l y -

i ng   c r y st a ll i ne   rocks,   in to   w h i c h   the   S a w a t e h   sands   we re   i n -

jected   b y   the   w e i g h t   of   o v e r l y i n g   beds.   W h e t h e r   the   faults  

w e r e   ne w l y   initiated,   or   w h e t h e r   they   r e pr e s e n t e d   renewed  

m o v e m e n t   on   p r e - e x i s t i n g   fr ac tu re s   is   n ot   known.   A f t e r   the  

fa ulting,   but   p r ior   to   the   d e p o s i t i o n   of   the   F o u n t a i n   f o r m a -

tion   in   P e n n s y l v a n i a n   time,   er o s i o n   r emo ve d   the   S aw a te h   s a n d -

stone   f r o m  mu c h   of   its   former   area,   C o ve r in g   and   J o h n s o n  

(1933,   P»   361-363)   i n dic at e   an   u n c o n f o r m i t y   b e t w e e n   the   S a wa t eh  

sa n d s t o n e   and   the   M a n i t o u   d o l om i te   of   Low er   O r d o v i c i a n   age.  

M a h e r   (1 9 5 1,   p.  8 8)   and   LeRoy   (1 9 6 1)   place   the   u n c o n f o r m i t y  

ab o ve   the   M a n i t o u   d o l o m i t e   and   b e l o w   the   H a r d i n g   sa nds t on e   of  

M i d d l e   O r d o v i c i a n   age.   Oth er   p r e - F o u n t a i n   u n c o n f o r m i t i e s   are  

a l s o   m e n t i o n e d   by   these   w r i t e r s ,   The   sa nds t on e   dikes   t he re for e  

m u s t   be   yo u n g e r   than   the   b a s a l   S a w a t e h   sa nd s to n e   and   older  

tha n   the   b a s a l   F o u n t a i n   formation,   pr o b a b l y   older   than   the  

H a r d i n g   s a n d s t on e   or   the   M a n i t o u   dol omite.   Th e y   are   here  

t e n t a t i v e l y   dated   U p p e r   Camb ria n.



F o u n t a i n   f o r m a t i o n

n o m e n c l a t u r e  2  The   F o u n t a i n   f o r m a t i o n   was   named   by  

Cros s   ( 1894a)   f r o m   its   e x p o s ur e s   on   F o u n t a i n   C r e e k   in   the  

Pike s   Pea k   and   C o l o r a d o   S p ri n gs   q u a d r a n g l e s „   At   the   type  

a r e a   it   c o ns is ts   of   a   serie s   of   red   sandstones,   grits,   and  

c o n g l o m e r a t e s ,

L i t h o l o g y :   The   F o u n t a i n   fo r m a t i o n   co mp ri ses   a   s e r -

ies   of   i n t e r s t r a t i f i e d   red,   maroon,   and   g ra y   arkoses,   c o n g l o m -

erates,   f el d s p a t h i c   s a nd s to n es   and   si ltstones.   In   this   area,  

the   b a s a l   p o r t i o n   tends   to   be   g r a y   to   white,   and   the   rest   is  

red   or   m a r o o n   w i t h   local   b l ea c he d   areas.   The   fo r m a t i o n   is  

h i g h l y   I r r e g u l a r   and   c ro s s - b e d d e d   t hro ug ho ut   so   that   i n d i v i -

d u a l   be ds   c ann ot   be   traced   e xt e ns i v el y .   The   lower   part   of  

the   f o r m a t i o n   co n tai ns   m o r e   c on g lo m er a te   than   the   u pp er   part,  

and   the   g ra de   size   in   the   co n g lo m e r a t e s   tends   to   be   c o a r s e r ,  

F i n e - g r a i n e d   sa nd s to n e   and   si lt st o ne   lenses   are   mo r e   ab un d an t  

in   the   up p er   p a r t ,

The   ch i ef   m i n e r a l s   are   quart z   and   p i n k   feldspar,  

w i t h   s ma l l   am ou n t s   of   b i o t i t e   and   muscovite,   and   a cc e ss o ry  

mag ne t it e ,   tourmaline,   zircon,   garnet,   and   st aur ol it e.   In  

the   c o n g l o m e r a t e s   are   ro und ed   cobbles,   u p   to   4   inches   in  

dia meter,   of   granite ,   gneiss,   schist   and   qua rt z it e .   The   red  

co lo r   is   due   to   h em a t i t i c   co a ti ngs   on   the   m i n e r a l   g r a i n s ,   to  

p i n k   and   light   red   f e l d s p a r   grains,   and   b r i gh t   to   d a r k   red
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a r g i l l a c e o u s   m a t e r i a l   i n t e r s t i t i a l   to   the   gr a in s  <>

P a l e o n to l og y  t   N o   fos sils   have   b e e n   found   in   this  

pa r t   of   the   F o u n t a i n   fo r m a t i o n  *   F i nl a y   (1 9 0 7)   re po rt ed   Lower  

P e n n s y l v a n i a n   plant   f oss il s   f r o m   the   Glen   E yr i e   shale,   c o n -

si de re d   by   the   U„   8,   G e o l o g i c a l   S ur v e y   and   others   ( Hubert,   i9 6 0,  

p*   31)   to   be   a   lower   m e m b e r   of   the   F o u n t a i n   formation»   In   1957,  

a   fe w   m i l e s   so uth e as t   of   the   De vi ls   Head   quadrangle,   E l l i s  

(1958)   found   a   m a r i n e   f a un a   of   early   P e nn sy l va n ia n   age   in   the  

low er   part   of   the   F o u n t a i n   fo rm ation»

T h i c kn e ss  s   The   true   thick ne ss   of   the   F o u n t a i n   f o r m -

a t i o n   ca nn ot   be   m e a s u r e d   in   the   D e vi ls   Head   quadran gl e,   for  

the   f o r m a t i o n   is   cut   by   fa ul ts   th r ou gh out   its   ex po sed   distance,  

and   no   s u bs u rf a ce   m e a s u r e m e n t s   have   b e e n   ma d e  »   B a l l e w   (1957,  

p*   18)   m e a s u r e d   22 00   feet   at   R o x b © r o u g h   Park,   and   M a l e k - A s l a n i  

(1950,   p»   32)   repo rt ed   300 0   feet   in   s o ut h er n   Perry   Park»

H u b e r t   (1 9 6 0a,   p»  7 5)   re po r te d  1 9 2 8  feet   at   R o x b o r o u g h   Pa rk  

and   452 6   feet   at   the   G a rd e n   of   the   Gods  »   I n t e r p o l a t i o n   b e -

t w e e n   thes e   figures   ind i ca t es   that   the   t hi c kn e ss   of   the   F o u n -

t a i n   f o r m a t i o n   in   the   D e v i l s   Hea d   q u a d r a n g l e   should   be   about  

2 3 0 0   feet.

Na t ur e   of   c o n t a c t s s   So u t h   of   S p r i n g   Gulch,   the  

F o u n t a i n   f o r m a t i o n   rests   u n c o n fo r ma b ly   on   the   S a w a t e h   s a n d -

st one   of   U p p e r   C a m b r i a n   age.   N o r t h   of   S p r i n g   Gulch,   the  

F o u n t a i n   res ts   n o n c o n f o r m a b l y   on   Pikes   Pe ak   gr a n i t e   of   P re c am -  

b r i a n   age.   The   top   of   the   F o u n t a i n   f o r m a t i o n   is   t r a n s i t i o n a l
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w i t h   the   Lyons   san d s to n e   of   P e r mi a n   age  »

E n v i r o n m e n t   of   d e p o s i t i o n s   The   F o u n t a i n   f o r m a ti o n  

is   g e n e r a l l y   b el i e v e d   to   be   of   continental,   fl u vi a t i l e   o ri gi n  »  

H u b e r t   (1 9 6 0b)   d e s c r i be d   it   as   c o n s i s t i n g   of   a l t e r n a t i n g  

lense s   of   st r ea m -ch an ne l,   s t r e a m   flood-plain,   and   d e l t a i c -  

la cu s t r i n e   s e d i m e n t s •   E l l i s î   (1 9 5 8)   d i s c o ve r y   of   m a r i n e   f o s -

sils   i nd i ca t es   that   a   sea   lay   a   short   di s t a n c e   eas t   of   this  

a r e a   and   that   the   F o u n t a i n   m ay   be   of   m a r i n e   or ig i n   fa rt h er  

ea st  „

A ge   and   c o r r e l a t i o n s   The   F o u n t a i n   f or m a t i o n   o v e r -

li es   the   G le n   E y r i e   shale   of   E a r l y   P e n n s y l v a n i a n   age   ( F i n l a y ,  

1 9 0 7 1  Hubert,   1960a,   p »   32-33)   and   co nt ain s   E a r l y   P e n n s y l v a n -

ian   m a r i n e   fos s il s   in   its   lower   part   ( Ellis,   1 9 5 8 ) o   The   top  

of   the   f o r m a t i o n   i n t e r s t r a t i f i é s   wi t h   the   Ingleside   f orm at io n  

( L a v i n g t o n   and   Thompson,   1948,   p.  3 8),   Hu b er t   (1 9 6 0a,   p.   34)  

b e l i e v e s   the   t hi ck er   p o r ti o ns   of   the   F o u n t a i n   f or m a t i o n   may  

in cl ud e   some   bed s   of   Pe rm i a n   a g e „

The   F o u n t a i n   fo r m a t i o n   is   c orr el ate d   wi th   part   of  

the   Ca s pe r   fo r m a t i o n   of   Wyoming,   w i t h   the   B e I d en   f o r m a t i o n   and  

pa rt   of   the   M a r o o n   f o r m a t i o n   of   ce nt r a l   Colorado,   and   w i t h  

pa rt   of   the   S a n g r e   de   C r i s t o   series   in   so ut h er n   C o l o r a d o  =
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Lyons   san ds ton e

N o m e n c l a t u r e  s   The   Lyons   san ds to n e   w as   named   b y  

P e n n e m a n   (1905,   p  =   23)   for   its   ex p os u re   ne a r   Lyons   in   B o u l d e r  

C o u n t y „   E l d r i d g e   ( Emmons,   Cross,   and   Eld ridge,  1 8 9 6,   p,  5 2)  

d e s i g n a t e d   beds   o v e r l y i n g   the   F o u n t a i n   f o r m a t i o n   in   the   D e n v e r  

B a s i n   as   the   “C r e a m y ”   sandstone,   and   R i c h a r d s o n   (1915)   c o n -

s i d e r e d   these   bed s   in   the   Perry   P a r k   ar e a   as   e q u i v a l e n t   to   the  

Ly on so   L e v i n g t o n   and   T h o m p s o n   (1948,   p,   40)   found   “C r e a m y ”  

s a n d s t o n e  i n t e r s t r a t i f i e d   w i t h   Lyons   sandstone,   and   the   nam e  

L y on s   has   b e e n   g e n e r a l l y   a d op te d.

a l   in to   the   F o u n t a i n   formation,   is   c h a r a c t e r i z e d   by   lenses   of  

c o a r s e - g r a i n e d   ar ko s i c   s a n d s t o n e   in te rb e dd e d   w i t h   very   f i n e -

g r a i n e d   f e l d s p a t h i c   s a n d s t o n e .   The   m i d d l e   p o r t i o n   co ns i st s   of  

br ic k - r e d ,   very   f i n e - g r a i n e d   su b - r o u n d e d   qu ar tz   s a n d s t o n e   c o n -

s i s t i n g   of   quartz,   m i n o r   feldspar,   and   traces   of   zircon,   leu-  

coxene,   staurolite,   tou rm al ine ,   m agn et ite ,   and   ot her   h ea v y  

m i n e r a l s .   T he   u p p e r   part   of   the   Lyons   has   sc at t e re d   lenses  

o f   c o n g l o m e r a t e   c o n t a i n i n g   a n g u l a r   g r a n u l e s   of   q u a r t z   and  

fe lds pa r,   and   r ou nd ed   1-   to   8 - c e n t i m e t e r   peb b le s   of   gr a n i t e  

a nd   a   fi ne - g r a i n e d   red   s a n d s t o n e .   The   Lyons   s a n d s t on e   in   the  

D e v i l s   He ad   q u a d r a n g l e   ten ds   to   be   massive ,   w i t h o u t   the   l a m i n -

a t i o n   and   p r o m i n e n t   c r o s s ̂ b e d d i n g   that   c h a r a c t e r i z e s   the   f o r m -

a t i o n   e ls e wh e r e .   So m e   p o o r l y   d ev e l o p e d   c r o s s - b e d d i n g   is  

p r e s e n t .

The   b a s a l   part   of   the   Lyons,   t r a n s i t i o n -
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The   Lyons   w e a t h e r s   to   f o r m   Ir r e g u l a r   h o g - b a c k   ridges  

N u m e r o u s   fr ac tu r es   f i l l e d   by   later   si l ic a  w e a t h e r   out   on   o u t -

c r o p   su r f ac e s   to   gi v e   the   r o c k   a   veined   a p p e a r a n c e •

P a l e o n t o l o g y s   No   fos si ls   exc e pt   a m p h i b i a n   and  

s c or p i o n i d   tracks   ( Thompson,   1949,   p.   63-64)   have   be e n   found  

in   the   Lyons   f orm at io n*

Th i c k n e s s  t   The   lirons   sand st one   is   31 0   feet   t h ic k  

in   sec  »   32,   T*   7   S„,   R„   6 8 W 0,   and   2 50   feet   t h i ck   in   see  *   15,

T.   8   S*,   R*   68   M»   B e t w e e n   these   sections,   the   Lyons   is   cut  

b y   n u m e r o u s   fa ul t s   and   is   a bs ent   in   m a n y   places,   th er e fo r e   it  

is   not   k n o w n   w h e t h e r   the   change   in   thi ck ne s s   is   due   to   w e d g -

ing   d u r i n g   d e p o s i t i o n   or   to   other   causes*

N a tu re   of   co nt a ct s  g   The   lower   co n ta c t   of   the   Lyons  

s a n d s t o n e   is   t r a n s i t i o n a l   to   the   F o u n t a i n   f o r m a t i o n   throug h  

10   to   15   feet   of   i n t e r s t r a t i f i e d   s an ds ton e   and   ar ko s e  *   The  

p o o r l y   exp o se d   u p p e r   co n t a c t   w i t h   the   Lyki ns   f o r m a t i o n   is  

b e l i e v e d   to   be   s ha r p   and   c o n f or m ab l e  *   Hub e rt   ( 1960a,   p.   35)  

c o n s i d e r s   this   co n ta c t   to   be   g e n e r a l l y   t r a n s i t i o n a l  w i t h  

l o c a l   d i s c o n f o r m i t i e s ,

E n v i r o n m e n t   of   d e p o s i t i o n s   The   p r o n o u n c e d   cr oss -  

b e d d i n g   and   fr os te d   g r a i n s   in   the   Lyons   led   T i e je   (1 9 2 3)   to  

a s c r i b e   an   a e o l i a n   o r i g i n   to   the   for m at i on *   S w a s h   m a r k s ,  

r h om bo i d   ripple   m a r k s ,   b u b b l e   impr es sio ns ,   a n i m a l   tracks,   and  

ot h er   p r i m a r y   s e d i m e n t a r y   fe at u re s   ind i ca t ed   a   b e a c h   origi n  

to   T h o m p s o n   ( 1949) •   Le Roy   (1946,   p.  3 0)   su gg es t ed   a   p a r t i a ll y
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su b m e r g e d   o ff - sh o re   bar.   P r o b a b l y   the   Lyons   Is   a   s t ra n d- l in e  

d e p o s i t   in   w h i c h   a l l   these   e n v i r o n m e n t s   we r e   r e p r e se n te d  e

Age   and   c o r r e l a t i o n s   La c k i n g   f o ss i l   evidence,   the  

Ly ons   san ds to ne   m u s t   be   dated   b y   indi re ct   s t ra t i g r a p h i e   e v i -

d e n c e  „   H e a t o n   (1933,   p.   123)   traced   the   Lyons   n or t h w a r d   into  

W y o m i n g   w he r e   it   fe at h er s   out   in to   the   S a t a n k a   shale   of   P e r m -

ia n   a g e .   M a h e r   (1954,   p«   2234)   as si gn s   a   P e rm i a n   ( Leonard)  

age   to   the   Lyons,   c o r r e l a t i n g   it   w i t h   the   C ed ar   H i l l   sandstone.  

S a l t   P la in   formation,   and   H a r p e r   san ds to ne   of   w e s t e r n   Kansas»  

T h o m p s o n   (1949,   p.   71-72)   te nt a t i v e l y   co rr e la t es   the   Lyons  

w i t h   the   K a i b a b   l im e st o ne   and   Co c o n i n o   san ds to ne   of   the   C o l o -

ra do   Plateau,   and   wi th   u p p e r   W e b e r   sa nds t on e   in   n o r t h w e s t e r n  

C o l o r a d o

P e r m o - T r i a s s l c

The   b o u n d a r y   b e t w e e n   the   Pa leozoic   and   M e so z o i c   eras   is  

g e n e r a l l y   def in ed   as   l yi n g   w i t h i n   the   Lykins   f o r m a t i o n „   LeRoy  

(1946,   p.   31)   pl a ce d   the   b o u n d a r y   b e t w e e n   the   G l e n n o n   l i m e -

stone   and   S t r a i n   shale   m e m b e r s   of   the   Lykins  »

L yk ins   f or m a t i o n

n̂ o m e n c l a t u r e i   The   Lykins   f or m a t i o n  wa s   name d   by  

P e n n e m a n   (1905,   p*   24)   f r o m   its   e x p os u re   al o ng   Lykins   Culch  

in  B o u l d e r   C ou n t y  »   Le Roy   (1946,   p.   31)   su b di v id e d   the   lykins  

int o   fi ve   m e m b e r s   na me d   for   g e o g r a p h i c   fea tu r es   n e a r   Morrison,  

J e f f e r s o n   C o un ty  »   In   a s c e n d i n g   order   the   m e m b e r s   are   the  

H a r r i m a n   shale,   the   F a l c o n   limestone,   the   B e r g e n   shale,   the
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G l e n n o n   limestone,   and   the   S t r a i n   shale.   All   five   mem b e rs  

have   b e e n   rec og ni z ed   In   the   D e v il s   Head   q u a d r a n g l e 0

L i th o lo g y  g   The   H a r r i m a n   shale   consists   e s s e n t i a l l y  

of   a   red   silty   shale.   In   sec.   31*   T.   7   N,,   H.   68   an   8-  

in c h   bed   of   white,   fi n e- g ra i ne d   calcar eo us   sands to ne   o v e r l a i n  

b y   a   3*-inch   bed   of   gray   cr y st a ll i ne   limes to ne   occurs   2   feet  

ab ove   the   base   of   the   H a r r i m a n   shale   m e m b e r .

The   Fa l c o n   lim estone   is   a   finel y   crystalline,   thinly  

laminated,   p i n k - t o - w h l t e   d ol o mi t ic   limestone.

The   B e r g e n   shale,   po or ly   exposed,   consis ts   of   red,  

so m ew h at   silty,   s h a l e .   In   sec.   10,   T.   9   3. ,   R.   68   W .,   the  

m i d d l e   p o r t i o n   of   the   B e r g e n   shale   contains   a   1-foot   bed   of  

m a s s i v e   w h i t e   g y p s u m  u n d e r   w h i c h   Is   1. 5   feet   of   pink,   f in ely  

crys ta lli ne ,   a r e n a c e o u s   li me st o ne   and   5°5   feet   of   white,  

f i n e l y   crystalline,   vu gg y   gypsum.

The   G l e n n o n   li me s t on e   consists   of   a   lower   wh i t e  

a r g i l l a c e o u s   d o l o m it i c   lim e st o ne   or   ca lca r eo u s   dol om i te   c h a r -

a c t e r i z e d   by   c o nt o rt e d   laminae,   and   an   u pp e r   fi ne ly   l a m i n a t e d ,  

a r g i l l a c e o u s   p i n k   l i m e s t o n e =   The   lower   unit   is   the   "Crinkled  

s a n d s t o n e ”   or   "Cr inkled   l i m e s t o n e ”   of   ea r li e r   wri ters.

The   S t r a i n   shale   is   po o r ly   exposed  =   The   lower   p o r -

ti on   ap pe a r s   to   be   soft,   red,   s li gh tl y   ca l ca re ou s   shale   w i t h  

th in   be ds   of   w hi t e   sa t i n - s p a r   gypsum.   The   u p p e r   p o r t i o n   is  

l i gh t -r e d   m a s s i v e   gyp sif er ou s,   ca l ca re ous   si lts to ne   a l t e r n a t -

ing   w i t h   thin   be d s   of   soft   g r a y - g r e e n   shale.



T - 9 0 1 35

P a l e o n t o l o g yi   No   fossils   we r e   found   in   the   Lykins  

f o r m a t i o n   d u r i n g   this   s t u d y 0   T h o m p s o n   (1949,   p.   71-72)   alludes  

to   i n v e r t eb r at e   rem ai ns   of   Pe rm ia n   age   f r o m   a   thin   limestone  

ab ove   the   Lyons   ( Creamy)   san dstone   in   Perry   Park.   The   l i m e -

stone   is   p r o b a b l y   ei th er   Fa l c o n   or   Glennon.

T h i c k n e s s  :   The   Lykins   f o r m a ti o n   is   21 0   feet   thick

in   sec  »   31,   T.   7   S. ,   R.   68   W. ,   and   190   feet   th ic k   in   s e c .   10,

T.   9   S. ,   R.   68   W.   I n d i vi d ua l   m e mb e rs   vary   m a r k e d l y   in   t h i c k -

n e s s   f r o m   one   s e c t i o n   to   the   other,   e x c ep t   for   the   Fal co n  

limestone,   w h i c h   has   a   c on st ant   thi ckn es s   of   about   five   f e e t .  

Le R o y   (1946,   p.   44)   found   sim ilar   v a r ia t io n s   in   the   t h i c k n e s -

ses   of   the   i n d i v i d u a l   m e m b e r s .

Na tu re   of   cont ac ts  %   The   con ta ct   of   the   Lykins   f o r m -

a t i o n   wi t h   the   Lyons   sa n ds t on e   is   sharp   and   p r o ba b ly   c o n f o r m a b l e .  

T h e   con ta ct   w i t h   the   R a l s t o n   Gr e e k   f o r m a t i o n   was   not   obse rv ed  »  

L e Ro y   (1946,   p,   42)   repo rt ed   a   t r a ns i ti o na l   co nta ct   b e tw e en  

these   for m at i on s   in   the   G o l d e n - M o r r i s o n   area,   and   M a l e k - A s l a n i  

(1950,   p.   49)   r e po rt ed   a   tr a ns i t i o n a l   con t ac t   in   s o ut h er n   Perry  

Park.

E n v i r o n m e n t   of   d e p o s i t i o n s   T i e je   (1923,   p»   205)  

b e l i e v e d   the   Ly ki ns   f o r m a ti o n   to   be   the   result   of   de p o s i t i o n  

in   the   u p p e r   re ac h e s   of   a   delta.   H e a t o n   (1933,   p°   149)   a s -

c r ibe d   the   f o r m a t i o n   to   sh a ll o w   m a r in e   de po si ti on.   LeRoy  

(1946,   p.   47)   b e l i e v e d   that   the   Lykins   was   ra pi d ly   dep os it ed  

u n d e r   a   u n i f o r m   aq ue o us   environment,   p o s s i b l y   in   close   r e la ti o n
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to   the   sea,   but   not   un de r   n o r m a l   ma ri n e   con di ti o ns  «,

Age   and   c o r r e l a t i o n s   LeRoy   (1946,   p c   44)   as si gn e d  

a   P e r m i a n   age   to   that   part   of   the   Lykins   f o r m at io n   b e l o w   the  

top   of   the   Gl e nn o n   limestone   and   a   Tr i ass ic   age   to   the   S t r ai n  

shaleo   H e a t o n 1s   c o r r e l a t i o n   of   the   " C r i n k l e d ”   ( G l e n n o n )   w i t h  

the   F o r e l i e   limes to ne   ( Permian)   of   W y o m i n g   and   Th om p s o n ' s  

(1 9 4 9,   p „   71)   repo rt   of   Pe r mia n   fossils   in   a   Lykins   limes to ne  

b e d   in   Perry   P a rk   suppor t   this   ass i gn m en t  <,   L av i ng t pn   and  

T h o m p s o n   (1948,   p»   44)   co n s i d e r   the   uppe r   Lykins   bed s   ( S train  

shale)   to   be   of   T ri a s s i c   age   on   the   basis   of   s t r at i gr a ph i e  

p o s i t i o n   and   mod e   of   o r i g i n „

M e so z oi c

B e s i d e s   the   S t r a i n   s h a le , -f o ck s   d e pos it ed   in   the   D ev i l s  

Head   q u a d r a n g l e   d u r i n g   the   M e s oz o ic   e r a   inc lude   the   R a l s t o n  

G r e e k   fo r m a t i o n   and   the   M o r r i s o n   fo r m a t i o n   of   J u ra s si c   agej  

and   the   D a k o t a   formation,   the   B e n t o n   formation,   the   N i o b r a r a  

formation,   the   Pierre   shale,   the   F o x  Hi ll s   sandstone,   and   the  

L a r a m i e   formation,   of   C r e t a c e o u s   age  »   The   lower   part   of   the  

D a w s o n   ar ko se   r ep r e s e n t s   the   tr an s i t i o n   b e t w e e n   the   Me so zoi c  

and   C e n o zo i c   e r a s .

J u r a s s i c

R a l s t o n   G r e e k   fo r m a t i o n

N o m e n c l a t u r e  g   LeRo y   (1946,   p e   47)   de fined   the  

R a l s t o n   f o r m at i on   to   include   the   st r a ta   b e t w e e n   the   red
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S t r a i n   shale   of   the   Lykins   f o r m a t i o n   and   the   b a s a l   s an ds ton e  

of   the   M o r r i s o n   f o r m a t i o n .   E a r l i e r   w r i te r s   had   included  

these   be ds   in   the   Lykins   f o r m a ti o n   ( Ri ch ard so n   1 9 1 5 j   Lee   1927,  

p.   28)   or   in   the   M o r r i s o n   f o r m a t i o n   ( Heaton   1939,   P°   l l 6 0 ) o  

V a n   H o r n   ( 19^7)   changed   the   name   to   R a l s t o n   C r e e k   formation,  

a   chang e   a c c ep t ed   by   LeRoy   ( 1 9 6 1 ) »   The   name   is   taken   f r o m  

e x p o s u r e s   on   R a l s t o n   C r e e k   in   J e f f e r s o n   C o u n t y 0

L i t h o l o g y2  T w o   lat e r al   variations,   a   s ha l e- m ar l -  

stone   f aci es   and   a   g y p s i f e r o u s   facies,   w er e   re c og ni ze d   by  

Le Ro y   (1946,   p,   47-48) .   B o t h   facie s   are   found   in   the   Devils  

H e a d   area.   N or th   of   Jarre   C a n y on   the   s h a l e - m ar l st o ne   facies  

is   p re s e n t   on   the   wes t   slope   of   the   D a k o t a   hogb ac k.   The  

b a s a l   4   feet   cons is ts   of   soft   lig ht -g ray   ar g il l a c e o u s   c a l -

ca re o us   si lt s t on e  »   A b o v e   this   is  2 0  feet   of   po o rl y   ex posed  

red   and   g r a y - g r e e n   silty   m a r l s t o n e .   The   rest   of   the   f o r m a -

tio n   is   covered   by   slope   w a s h  0

F r o m   sec.   4,   T.   9   S .,   R.   68  W. ,   southward,   the  

g y p s i f e r o u s   fa c ie s   forms   low   h o gb a ck s   offset   by   f a u l t i n g .

T h e   f o r m a t i o n   cons is ts   of   abou t  6 0  feet   of   int er be d de d   soft,  

p o w d e r y   g r a y   g y p s i f e r o u s   shale   and   w h it e   g y p s u m   that   vari es  

f r o m   s a t i n   spar   to   ver y   fi n e l y   cry st al li n e   and   mas si ve.

T h i n   be ds   of   lig ht-red   and   g r a y - g r e e n   shale   are   pre s en t   in  

the   lower   portion.

P a l e o n t o l o g y s   No   fossils   we r e   found   in   the   R a l -

ston   C r e e k   f o r m a t i o n   in   the   De vi l s   Head   area.   LeRoy   (1946,  

p.   51,   55)   report ed   A c l l s t o c h a r a   and   O s t r e a   in   the   shale
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m a r I s t o n e   facies   at   R a l s t o n   Greeko

T h i c k n e s s  t   The   R a l s t o n   G r e e k   fo r ma t io n  is   es ti m a te d

to   be  about   60   feet   t hi c k   in   this   area.   Ac cu r at e  de t e r m i n a t i o n

of   the   th ic kn ess   is  pr e ve n te d   b y   c o v e r 0

R a t u r e   of   c o n t a c t s :   A lt h o u g h  p oo rly   exposed   in   this

area,   the   con ta ct   b e t w e e n   the   Ra l s t o n   G r e e k   for ma ti o n   and  

the   Lykins   f o r m a t i o n   ap p ea r s   to   be   transitio na l.   B e c a u s e   the  

co nt act   b e t w e e n   the   M o r r i s o n   fo rm at i on   and   the   R a l s t o n   G r e e k  

f o r m a t i o n   is   covered   in   this   area,   its   nature   could   not   be  

de te r mi n ed .   LeRo y   (19^6,   p.   53)   reported   a   s ha rp   e r o s io n al  

c on t ac t   n e a r   Mo rrison,   J e f f e r s o n   County.

E n v i r o n m e n t   of   d e p o s i t i o n s   LeRoy   (1946,   p.   55)   a t -

tr ib u te d   the   s h a l e - m a r 1st  one   facies   to   d e p o s i t i o n   in   a   quie t  

fr esh   or   b r a c k i s h   w a t e r   environ men t,   and   the   g y p s if e ro u s  

f a c i es   to   d e p o s i t i o n   in   a   sha l lo w   close d   or   pa rt l y   closed  

a q ue o u s   body.   L a g o o n a l   or   e s t u a ri n e   con di t io n s   wo ul d   fit  

these   e n v i r o n m e n t s .

Age   and   c o r r e l a t i o n s   The   R a l s t o n   C r e e k   f o r m at io n  

is   t e n t a t i v e l y   a s si g ne d   a   J u ra ss ic   age   on   the   b a sis   of   its  

cl os e r   r e s e m b l a n c e   to   the   M o r r i s o n   tha n   to   the   Lykins   and   on  

the   oc c ur r e n c e   of   A c l i s t o c h a r a  J. n   b o t h   the   lower   M o r r i s o n   and  

u p p e r   R a l s t o n   G r e e k   f o r m a t i o n s .

M o r r i s o n   fo r m a t i o n

N o m e n c l a t u r e  %   The   Mo r r i s o n   fo r m a t i o n   was   nam ed   by  

E l d r i d g e   ( Emmons,   Cross,   and   El d r i d g e  1 8 9 6,   p.   60)   for   its
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o c c u r r e n c e   near   Morrison,   J ef f e r s o n   Count y  0   M a l d s c b m i d t   and  

LeRo y   (1944)   r ede fi ned   the   formation,   and   su gge st ed   t r a n s f e r -

r i n g   the   type   se ct i o n   f r o m   "near   M o r r i s o n , "   w h e r e   it   is   poorly  

exp os e d   to   a   site   n o r t h   of   M or r i s o n   w he r e   there   is   an   e xc el len t  

expo su reo   This   su g g e s t i o n   has   been   g e n e r a l l y   adopted,

L i t h o l o g y s   T he   M o rr i s on   for ma ti on   is   po or ly   exposed  

in   the   D e v i l s   Head   a r e a ,  I n  sec,   31,   T,  7  S„,   R,   68  W,,   the  

b a s a l   M o r r i s o n   co n sis ts   of   5   feet   of   light-gray,   very   f i n e -

gr ai n e d   c a l ca r eo u s   f e I d sp a th i c   sandstone.   Above   it   is   a   220-  

foot   zone   covered   by   g r a y   clay   soil  w i t h   some   re dd i s h   b a n d s ,

Th e   u p p e r   130   feet   of   the   f or m at i on   consist s   of   al t e r n a t i n g  

v a r i eg a te d   red,   g r a y - g r e e n   and   y e l l o w - b r o w n   shales   and   gray-  

green,   brown,   p i n k   and   m a r o o n   very   f i n e - g ra i ne d   friabl e   a r g i l -

la ce ous   sa n ds t on e   and   si ltstone.

In   the   P e rr y   Pa r k   area,   the   M o r r i s o n   is   g e n e r a l l y  

c ov ere d   by   a   g ra y   clay   soil.   Outc ro ps   of   soft,   gr a y   c a l c a r -

eo us   shale   are   s ca tt er ed   ne a r   the   ba se   of   the   for mation,

J o h n s o n   (1954,   p.   94)   me n t i o n e d   a   large   lense   of   ehar a   l i m e -

stone   that   occu rs   in   the   M o r r i s o n   in   Perry   Park.   He   did   not  

gi ve   a   d ef i n i t e   location,   and   the   bed   was   not   ob ser ve d   du ri ng  

this   study.   The   li me sto ne   m a y   be   so ut h e as t   of   the   De vi ls  

H e a d   q u a d r a n g l e ,

P a le o n t o l o g y  s   No   fossi ls   w e r e   found   in   the   M o r r i -

son   d u ri n g   this   study,   J o h n s o n   (1954,   p.   94)   has   reported  

C h a r o p h y t e s   f r o m   the   b a s a l   M o r r i s o n   in   Përry   Park,   and   LeRoy
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1946,   p,  6 0)   repo rt ed   A c l i s t o c h a r a   and   a   f e w   poorly   pr es erv ed  

f r e s h - w a t e r   g a s t r o p o d s   and   os tr aco ds   f r o m   the   lower   Mo r r i s o n  »  

D i n o s a u r   tracks   and   b o n e s   w e r e   found   a b u nd a nt l y   in   the   up p er  

part   of   the   f o r m a t i o n   ne a r   Morrison,   and   plant   remains   have  

b e e n   re p ort ed   f r o m  m a n y   pl a c es  «

T h i c k n e s s  §   The   M o r r i s o n   fo rm a ti o n   is   about   350   feet  

t h i c k   in   this   area.

Na tu r e   of   con ta c ta  :   The   co nta ct   be t w e e n   the   R a l s t o n

C r e e k   f o r m a t i o n   and   the   M o r r i s o n   f o rm a ti o n   is   too   p oo rly   e x -

p o sed   in   this   ar e a   for   its   nat u re   to   be   d e t e r m i n e d .   The   Mor -  

r i s o n - D a k o t a   con t ac t   is   als o   po or ly   exposed,   but   a   dis tin ct  

ch ang e   in   l it h ol o gy   and   a   b a s a l   c o n g l om e ra t e   w i t h i n   the   D a k -

ota   s ug ge st   an   u n c o n f o r m i t y .   Mo s t   w o r k e r s   have   re co gni ze d  

an   u n c o n f o r m i t y   at   the   b as e   of   the   D a k o t a   el se wh er e   In   this  

region.

E n v i r o n m e n t   of   d e p o s i t i o n s   The   M o r r i s o n   f o r m a t i o n  

is   of   c o n t i n e n t a l   origin.   The   land   pr o b a b l y   c on si ste d   of  

flat   l o wl an d s   c ove re d   by   fr esh   w a t e r   lakes   and   swamps   in  

w h i c h   w e r e   de p os i te d   the   va ri e ga t ed   shales,   marls,   siltstones,  

l i me st o ne s   and   s an d st o ne s   of   the   M o r r i s o n   formation.

Ag e   and   c o r r e l a t i o n s   The   M o r r i s o n   has   b e e n   dated   as  

u p p e r   J u r a s s i c   in   age   on   the   b a sis   of   the   v e r te b ra t e   fossils  

c o ll e ct e d   f r o m   the   s a n d s to n e   b e d s .   As   used   in   this   report,   the  

M o r r i s o n   inc lu des   bed s   con s id e re d   to   be   lower   C r et a c e o u s   in  

age   by   M a a g e   (1 9 5 5,   p.   23-26).
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C r e t a c e o u s

D a k o t a   f o r m a t i o n

No me n c l a t u r e s   The   D a k o t a   f o r m a t i o n  w as   named   by  

M e e k  and   H a y d e n   ( l8 6l,   p.   419-420)   for   e x p o su re s   in   D a k o t a  

County,   Nebra sk ao   S t os e   (1912)   divided   the   Purgat oi re   f o r m -

a t io n   off   f r o m   the   D a k o t a   in   the   A p i s h a p a   quadrangle,   and  

R i c h a r d s o n   (1915)   and   Ro b b   (19^9)   ma p p e d   Pur ga to i re   in   the  

Perry   P a r k   area.   M a a g e   (1955)   consid er ed   the   D a k o t a   to   be  

a  g r o U p   in c l u d i n g   the   Lytle   f o r m a ti o n   and   the   Sou th   Platte  

formation.   In as m uc h   as   the   Lytle   f o r m a t i o n   ap pa r e n t l y   was  

inc lu ded   in   the   M o r r i s o n   by   W a l d s c h m i d t   and   LeRoy   (1944)   and  

as   it   could   n ot   be   s ep a ra t ed   f r o m   the   M o r r i s o n   in   this   area,  

B a u e r   (1953)   m a p pe d   the   M o r r i s o n   to   Inc lu de   the   Lytle,   and  

ma pp e d   M a a g e Vs   S ou t h   Platte   f o r m at i on   as   D a k o t a   f o r m a t i o n .

Th at   us a g e   is   f o l lo w ed   h e r e .

L i t h o l o g y s   M a a g e   (1955,   p.   28)   divide d   the   D a k o t a  

( South   Platte)   f o r m a t i o n   into   a   nu m b er   of   subdivisions,   mo st  

of   w h i c h   can   be   r e co g ni z ed   in   this   a r e a .   Th e   me m be r s   are  

d e s c r i b e d   in   a s c e n d i n g   order.

The   b a s a l   P l a i n v i e w   sands to ne   m e m b e r   con sis ts   of  

15   feet   of   g r a y - t o - t a n   cher t   and   q ua rtz   p ebb le   c o n g l om er a te  

w i t h   pe bb les   0. 5   to   1   c m   in   a   m a t r i x   of   m e d i u m -   to   c o a r s e -

g r ai n e d   sand  o   It   is   o v e r l a i n   by   30   fe et   of   b r o w n   sil i ci f ie d  

shale   and   p u r pl e   siltstone.

Th e   third   shale   m e m b e r   is   p o o r l y   exposed,   but   ap pe a rs
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to   consis t   of   about   35   feet   of   red   silty   s h a l e „

The   third   s a n d s t on e   m e m b e r   is   a  wh i te   to   t a n   thick-  

b e d d e d   f i ne - gr a in e d   san ds to n e   about   50   feet   thick»   Its   lower  

p o r t i o n   con tai ns   gr an u l e s   of   quart z   and   chert  »

The   second   shale   m e m b e r   is   covered   in   this   ar ea  »  

A c c o r d i n g   to   W a a g e   (1955,   p*   28),   it   con si sts   of   gr a y   shale  

and   m i n o r   si lt st o ne  »

The   K a s s l e r   s a nd s to n e   m e m b e r   is   p r e d o m i n a n t l y   m a s -

sive   li g ht - g r a y   to   brown,   f i n e - g ra i ne d   san ds to n e  »   Lenses   of  

i n t r a f o r m a t i o n a l   c o n g l o m e r a t e   co n si s t i n g   of   cl ay - s h a l e   f r a g -

me n t s   in   a   sandy   m a t r i x   occ ur   in   the   m i d d l e   of   the   m e m b e r   and  

some   li gh t -g r ay   si lts t on e   in   the   u p p er   and   lower   po r ti o ns  »

The   V a n   B i b b e r  s h a l e   m e m b e r   co n sis ts   of   10   feet   of  

g r a y - b r o w n   t h i n -b e dd e d   p la ty   shale   c on t a i n i n g   ab u n d a n t   plant  

fr ag m en t s  »

The   first   s a n ds t o ne   m e m b e r   con si st s   of   55   feet   of  

m a s s i v e   and   c ro s s b e d d e d   g r a y ,   very   f i n e -g r ai n ed   q ua rt z   s a n d -

stone  »   The   u p p e r   15   feet   c o nt ai ns   I n t er b ed d ed   d a r k - g r a y   c a l -

ca re o us   s h al e   and   form s   a   transition   z o n e   to   the   B e n t o n   f o r m -

a t i o n  »

Ow i n g   to   its   oc c u r r e n c e   b e t w e e n   two   less   r e s i st an t  

formations,   the   B e n t o n   and   the   Morrison,   the   D a k o t a   ty pi c a ll y  

stands   as   p r o m i n e n t   h o g - b a c k   ridges   th ro u g h o u t   m u c h   of   the  

F r o n t   Ra n g e   f o o t hi l ls   b e l t  »
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P a l e o n t o l o g y  s   Onl y   u n r e c o g n i z a b l e   plant   remains  

and   si ll c if l ed   wo od   fr ag m e nt s   we r e   found   in   the   D a k o t a   f o r m -

at i o n   in   the   D e vi l s   He ad   quadrangle,   but   W a a g e   (1955,   P«   31)  

r e po rt ed   m a r i n e   fossils,   e s p e c i a l l y   Inocer am us   com an ch e a nu s  

G r a g i n   and   P t e ri a   sa li n en s ls   White,   in   the   b a s a l   second   shale  

m e m b e r   in   the   K a s s l e r   q u a d r a n g l e  0

Th i c k n e s s  :   The   D a k o t a   fo r m a t i o n   is   about   350   feet

t h i c k   in   the   D e v il s   Head   area.

M a t u r e   of   co n ta c ts  %   The   con t a ct   b e t w e e n   the   D a k o t a  

f o r m a t i o n   and   the   u n d e r l y i n g   M o r r i s o n   for m a ti o n   ( the   South  

P l a t t e - L y t l e   con t ac t   of   Waage,   1955)   is   p o or l y   exposed   but   is  

be li e v e d   to   be   an   u n c o n f o r m i t y *   It   is   called   a   d i s co nf o rm i ty  

by   W a a g e   (1955,   p.   26).   The   co nt act   b e t w e e n   the   D a k o t a   and  

the   B e n t o n   f o rm a ti o ns   is   t r a n s i t i o n a l   th ro ug h   15   feet   of  

in t er b ed d ed   s a nd s to n e   and   s h a l e .

E n v i r o n m e n t   of   d e p o s i t i o n  g   The   D a k o t a   fo r m a t i o n   of  

the   D e v i l s   Head   ar e a  w a s   d e p o s it e d   u n d e r   n e a r - s h o r e   c o n t i n e n -

tal   conditions,   e xc ep t   for   a   limited   m a r i n e   phase   w i t h i n   the  

second   shale   m e m b e r .   L o v e r l n g   ( 1929)   e x p l ai ne d   the   d e p o s i -

ti on   of   the   D a k o t a   by   the   sl o w   t r a n s g r e s s i o n   of   a   sea   over   a  

g e n t l y   s lo p i n g   p ie d m o n t   p l a i n   co vered   w i t h   wi de s p r e a d   swamps  »  

A ge   and   c o r r e l a t i o n s   The   D a k o t a   f o r m a t i o n   is   dated  

as   of  E a r l y   C r e t a c e o u s   age   on   the   b a sis   of   s m all   m o l l u s k a   f au na  

in   its   m a r i n e   ph a s es  *
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C o l o r a d o   Group  

The   C o l o ra d o   g r o u p  w a s   nam ed   by   H a y d e n   (1 8 7 6,   p.   45)   to  

in cl ude   the   Fo r t   Be nt on,   Niobrara,   and   For t   Pierre   f o r m a t i o n s „  

W h i t e   (1 8 7 8,   p.  2 1)   ex c l u d e d   the   Fort   Pierre   f r o m   the   C o l o -

ra d o   group,   and   tod ay   the   t e r m   is   g e n e r a l l y   app l ie d   to   the  

B e n t o n   and   N i o b r a r a   f o r m a t i o n s „

B e n t o n   f or m a t i o n

N o m e n c l a t u r e s   M e e k   and   H a y d e n   ( l8 6l,   p»   419-421)  

ap pl i ed   the   n a m e   F o r t   B e n t o n   to   the   F o r m a t i o n   N o  »   2   of   C r e t a -

ceous   age   n e a r   F o r t   Be nt on,   M o n t a n a ,   The   " F o r t ”   has   be e n  

g e n e r a l l y   dr op pe d   f r o m   the   na me  »   Gi lbert   (1 8 9 6,   p.   564-565)  

div i de d   the   B e n t o n   in   s o u t h e r n   Co l o r a d o   into   three   members,  

in   a s c e n d i n g   o rd er   the   Cr an er o s   shale,   the   G re e n h o r n   l i m e -

stone,   and   the   C a r l i l e   s h a l e „   B as s   (1926,   p   28)   app li ed   the  

na me   C o d e l l   s a n d s to n e   to   the   u p p e r   sa nd y   p o r t i o n   of   the   C a r -

lile   shale   in  w e s t e r n   K a n s a s .

L i t h o l o g y  s   E x c e p t   for   a   li me s to n e   e q u i v a l e n t   to  

the   C o d e l l   member,   the   B e n t o n   is   p oor ly   ex pos ed   in   the   Devil s  

He ad   area.   The   Craneros.   Greenhorn,   and   Ca rl il e   m e m b e r s   can  

be   id en t i f i e d   only   in   s ca t te r ed   e x p o su r es   in   g u l l i e s .

The   C r an e ro s   shal e   co n sis ts   of   l i g h t - b r o w n   c a l c a r -

eo us   shale   and   d a r k   g r a y   to   b l a c k  n o n - c a l c a r e o u s   shale   i n t e r -

b e d d e d   w i t h   thin   soft,   m a s s i v e   y e llo w- bro wn ,   ve ry   f in e -g r ai n ed  

qu ar t z   san ds ton es .

The   G r e e n h o r n   li mes t on e   a p pe a rs   to   be   rep re se nt e d
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b y   a   se ri es   of   a l t e r n a t i n g   thin,   gray,   a r g i l l a c e o u s   li me st one s  

and   l i g h t - b r o w n   c a lc a re o us   s h a l e s .

Th e   C a rl i le   shale,   w h er e   exposed,   is   l i g ht -b r ow n  

calca re ous   s h a l e •

Th e   Co d e l l   m e m b e r   of   the   B e n t o n   f o r m at i on   in   this  

a r e a   con s is t s   of   a   3 -fo ot   bed   of   dense   light-brown,   m e d i u m -  

c r y s t a l l i n e   t hi n -b e dd e d   l i m e s t o n e •   Dane,   Pierce,   and   R e e s i d e  

(1937*   P»   217)   rep orted   a   si mi lar   limestone,  e q u i v a l e n t   to   the  

C o d e l l   sandstone,   at   s e v e r a l   local it ies   in   the   Ar ka ns as   V a l l e y .

P a l e o n t o l o g y  8   Inoce ra mus   lab iatus   S c h l o t h e i m  w a s  

i d en t if i ed   f r o m   the   G o d e l l   member,   and   f r a g m en t s   of   I n oc er amu s  

and   O s t r e a  w e r e   fou nd   in   the   C o d el l   and   G re e n h o r n   m e m b e r s .

T h i c k n e s s  g   Th e   B e n t o n   f o r m a t i o n   is   abou t   59 0   feet  

t h i c k   in   the   D e v i l s   Head   q u a d r a n g l e „

M a t u r e   of   co nt a ct s  s   The   B e n t o n   f o r ma ti o n   is   t r a n -

s i t i o n a l   d o w n wa r d   in t o   the   D a k o t a   fo r m a t i o n   th r oug h   a   15-foo t  

zone   of   i n t e r b e d d e d   shale   and   sa nd sto ne  6   The   co nt act   b e t w e e n  

the   B e n t o n   and   N i o b r a r a   formations,   m a r ke d   b y   a   d i s ti n ct   l i t h o -

logie   break,   is   cl as sed   as   a   d i s c o nf or m it y   by   J o h n s o n   ( 1 9 3 0 ) »  

E n v i r o n m e n t   of   d e p o s i t i o n s   The   B e n t o n   f o r m a t i o n  

w a s   d e p os i te d   in   s h a l l o w  m a r i n e   waters,   p r o b a b l y   some   d i s -

tance   f r o m   shor e   ( LeRoy,   1946,   p„  7 8)•

A ge   and   c o r r e l a t i o n s   The   B e n t o n   f o r m a t i o n   has   b e e n  

date d   as   U p p e r   Cr e t a c e o u s   on   the   b a si s   of   its   a b un d an t   m a r i n e  

fa una  »   It   is   co r re l a t e d   wi t h   part   of   the   C o l o r a d o   shale   of
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Monta na |   the   M ow ry   and   T he r m o p o l i s   fo rm at i on s   of   Wyom in gj   and  

pa rt   of   the   Ma ne os   shale   of   w e s t e r n   Colorado,   Utah,   and   Mew  

M e x i c o   ( Heaton,  1950,  p.  l66o-l66l)0  

N i o b r a r a   fo rma t io n

F o r m a t i o n   No.   3   of   the   Cr e t a c e o u s   by   Me e k   and   H a y d e n   ( l8 6l,  

p.   419,   422) o   The   name   w a s   derived   f r o m   the   e xp o su r es   near  

the   m o u t h   of   the   N i o b r a r a   R i v e r   in   K n o x   County,   Ne braska.  

Gi lb er t   (1 8 9 6,   p.  5 6 6-5 6 7)   di vided   the   N i o b r a r a   into   a   lower  

T i m p a s   li mes t on e   m e m b e r   and   an   u p p e r   A p i s h a p a   shale   m e m b e r .

Ha ys   limes to ne   m e m b e r   for   the   lower   N i o b r a r a   in   w e s t e r n   Kansas,  

and   G r a g in   (1 8 9 6,   p.   51)   ap pl ied   the   name   Sm ok y   Hi l l   m a r l   to  

the   u p p e r   N i o b r a r a   in   Kan sas.   The   terminology,   us e d   by   the  

U„  S.   G e o l o g i c a l   S u r v e y   in   w e s t e r n   Kansas   and   e a s t e r n   C o l o -

rado,   has   bee n   ext e nd e d   to   the   Fron t   R an ge   by   some   geo lo gi s ts  

( LeRoy   and   Schieltz,   1958,   p.   2447).

ex po se d   in   the   De vi l s   Hea d   area.   W h e r e   it   can   be   seen,   the  

Ti mp a s   lime st one   co ns i st s   of   m a s s i v e   b u f f   to   w hi t e   chal ky  

a r g i l l a c e o u s   l i m e st o ne   i n te r be d de d   w i t h   thin,   soft,   light-  

g r a y   m a r l s .   S m a l l   p y r i t i c   co n cr e ti o ns   are   scat te red   through  

the   lower   p o r t i o n   of   the   m emb er .

Th e   A p i s h a p a   shale   is   covered   in   this   area.   B a l l e w  

(1 9 5 7*   p.  5 2)   de s cr i be d   it   a   short   d i st a nc e   n o rth   of   the

N o m e n c l a t u r e  2  The   name   N i o b r a r a   was   app lied   to   the

W i l l i s t o n   (1893,   p.   108-109)   pr oposed   the   te r m  For t

s   The   N i o b r a r a   f o r m a t i o n   is   very   p oo rly
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D e v i l s   Head   q u a d r a n g l e   as   a   buff,   thin-bedded,   h ig hl y   c a l c a r -

eous,   f o r a m i n l f e r a l   shale.

P a l e o n t o l o g y  i   S c a t t e r e d   fish   scales   we r e   found   in  

the   T i mp a s   limes to ne   a l o n g   wi t h   the   m o H u s k s   Inocer am us   deformis  

Meek,   I n oc er amu s   labiatu s   Schlot he im,   and   Os tr e a   c o n g e s t s  

C o n r a d .

T h i c k n e s st   B e c a u s e   of   its   poor   expo su re   and   its  

g r a d a t i o n a l   contact   w i t h   the   Pierre   shale,   the   t hi ck nes s   of  

the   N i o b r a r a   f o r m a t i o n   could   not   be   mea s ur e d   in   this   area,

A   well,   the   F,   G,   Ho l l   No,   1   Green la nd   Land. and   Cattle   Co,,  

dis c lo s ed   480   feet   of   N i o b r a r a   in   sec.   17,   T.   10   S. ,   R.   68   W,

A   thi c kn e ss   of   5 0 0   feet   has   b e e n   assumed   for   this   report.

N a tu r e   of   c o n t a c t s s   The   con ta ct   b e t w e e n   the   N i o -

b r a r a   and   B e n t o n ̂ m a r k e d   by   a   di s ti n ct   litho log ie   break,   a p -

pea rs   to   be   a   d i s c o n f o r m i t y   ( Johnson,   1930),   The   con t ac t  

b e t w e e n   the   A p i s h a p a   shale   m e m b e r   of   the   N i o b r a r a   and   the  

Pierr e   shale   is   covered   in   this   area.   In   1946,   LeRoy   ( p.   79-  

8l)   stated   that   the   co n t a c t   in   the   G o I d e n -M o rr i so n   ar e a   is  

l i t h o l o g i c a l l y   t r a n s i t i o n a l   bu t   that   the   f o rm a ti o ns   could   be  

d i s t i n g u i s h e d   by   m i c r o f o s s i l s .   Later,   on   the   b as is   of   m i c r o -  

p a l e o n t o l o g y   and   X - r a y   studies,   L e Roy   and   S c h i el t z   (1958,  

p,   2463)   repo rt ed   an   u n c o n f o r m i t y   at   the   N l o b r a r a - P i e r r e  

c o n t a c t .

E n v i r o n m e n t   of   d e p o s i t i o n  :   The   N i o b r a r a   f o r m a t i o n  

is   of   m a r i ne   o r i g in   de p o s i t e d   on   a   s h a l l o w   she lf   in   an   open
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s ea   d u ri n g   Timp as   time   and   un de r   nerltl e   co n di ti on s   w i t h   open  

c i r c u l a t i o n   d u r i ng   A p i s h a p a   t i m e ,

Age   and   c o r r e l a t i o n  %   The   f a u na   of   the   N i o b r a r a
g a na K fe s a ̂ a uu c  HHiBaaEi— imi âEgBaB— sacascapacawBr';  w'j   i f

f o r m a t i o n   dates   it   as   U p p er   C r e t a c e o u s „   The   N i o b r a r a   is   c o r -

related   w i t h   pa rt   of   the   Ma ne o s   shale   and   the   S a H u p   sa nd st one  

in   the   S an   J ua n  Basin,   N e w   Mexico,   parts   of   the   Hi ll i ar d   and  

B a x t e r   shales   in  Wyoming ,   and   part   of   the   C ol o r a d o   shale   of  

M o n t a n a   ( Weimer,   i9 6 0) 0

M o n t a n a   Grou p

The   M o n t a n a   g r o u p  w as   named   by   E l d r i d g e   (1888,   p,   93)   to  

in cl ude   the   Pierre   shale   and   the   Pox   Hills   s a n d s t o n e „

Pierr e   shale

N o m e n c l a t u r e  s   The   na me   Port   Pierre   w as   gi v en   by  

M e e k   and   H a y d e n   ( l8 6l,   p,   419,   424)   to   the   F o r m a t i o n   N o .   4  

of   the   C r e t ac e ou s   ne a r   Por t   Pierre,   Sout h   D a k o t a „   The   "Port"  

has   be e n   g e n e r a l l y   dr opp ed   f r o m   the   n a m e „

L i t h o l o g y  2  The   Pierre   shale   is   a   t h ick   series   of  

li gh t - g r a y   to  b l a c k   shale s   and   silty   s h a l e s „   Thi n   lenses  

of   n o d u l a r   gra y   a r g i l l a c e o u s   lime sto ne   occur   t hr ou g ho u t   the  

section.   Th in   b e n t o n i t e   beds   are   sc at ter ed   th ro ug h   the   f o r m -

ation,   and   the   u p p e r   p o r t i o n   con ta ins   a   n u mb e r   of   sandy   shales  

that   wer e   fo r me r ly   in cluded   in   the   Po x   Hills   san dstone.   A  

f o s s i l i f e r o u s   zone   of   sandy   shale   that  B a u e r   (1958,   p.  6 5)  

t e n t a t i v e l y   cor re l at e d   w i t h   the   Hy g ie n e   sa nd st on e   m e m b e r   of
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the   Pi er r e   shale   in   n o r t h w e s t e r n   C o l or a do   crops   out   In   sec.   28,  

T.   8   S. ,   Rc   68   W.

P a l e o n to l og y  :   A   few   fr ag men ts   of   In oceramus   we r e

found   in   a   lime sto ne   In   the   up p er   part   of   the   Pierre   shale,  

and   fra gm en ts   of   B a c u l i t e s   in   the   sandy   shale   e q u i v a l e n t   (?)  

to   the   H yg ie n e   sandstone.

Th ic k ne s s  :   The   th ic kne ss   of   the   Pierre   shale   c a n -

not   be   m e a s u r e d   on   the   su rf ace   in   this   ar ea   be ca u se   of   po o r ly  

ex po se d   co nt act s   and   ex t e n s i v e   faulting.   T w o   wel ls   ind icate  

a   t hi c kn e ss   of   a p p r o x i m a t e l y   5 5 0 0   feet.   The   J.   S.   A b e r cr o mb i e  

No.   1   S t a te   well,   in   sec.   16,   T.   8   S. ,   R.   68   W. ,   en c ou n te r ed  

5 ̂ 4 0   feet   of   Pi er re   shale;   and   the   F.   G.   Ho l l   No.   1   G r e e n -

land   Land   and   Cattle   Co. ,   w e l l   pe ne t ra t ed   55 3 0   feet   of   Pierre  

s h a l e .

N a tu re   of   c o n t a c t s :   The   contac t   b e t w e e n   the   Pierre

shale   and   the   u n d e r l y i n g   N i o b r a r a   f o r m a t i o n   is   be l ie v ed   to   be  

an   u n c o n f o r m i t y   by   L e Roy   and   S c h i e l t z   (1958),   a l t h o u g h   e ar li e r  

L eR o y   (1946,   p.   79~8l)   reported   it   to   be   l i t h o l o g i c a l l y   t r a n s i -

tional.   The   c on ta c t   b e t w e e n   the   Pierre   shale   and   the   Fox   Hil ls  

s a n d s t on e   is   transi ti ona l.

E n v i r o n m e n t   of   d e p o s i t i o n s   The   Pi er re   shale   was  

d e p o s i t e d   in   sh a ll o w   ma r in e   w a t e r s   at   a   m o d e r a t e   di st an ce  

f r o m   shore.   D u r i n g   d e p o s i t i o n   of   the   lower   Pierr e   shales,  

c i r c u l a t i o n   was   re s tr ic ted   and   the   oxygen   co n ten t   of   the   w a t e r  

low   ( LeRoy   and   Schieltz,   1958,   p.   2462) .
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Ag e   and   c o r r e l a t i o n s   The   Pierre   shale   has   b e e n   a s -

signed   an   U p p e r   C r e t a c e o u s   age   on   the   ba sis   of   its   f au na  «   It  

is   co rr el a te d   w i t h   the   Me s a   Ve rd e   g r o u p   of   the   S an   Ju a n  B a s i n  

in   N e w   Mexico,   and   w i t h   the   B e a r p a w   shale,   Ju dit h   R iv e r   f o r m -

ation,   C l a gg e tt   shale.   E a g l e   sandstone,   and   T e l e g r a p h   C r e e k  

f o r m a t i o n   in   M o n t a n a   ( Weimer,   1966).

F o x   Hi ll s   s an ds ton e

N o m e n c l a t u r e  :   The   Fo x  H il ls   sa nds t on e   wa s   name d   by

M e e k   and   H a y d e n   ( l86l,   p.   419,   427)   to   appl y   to   the   F o r m at io n  

No.   5   of   the   Cr et a c e o u s   n e a r   the   F o x   Hills,   N e b r a s k a   T e r r i -

tory.   The   nam e   wa s   g e n e r a l l y   used   for   the   up pe r   sandy   shale  

and   sa nd st on e   series   of   the   Mo n t a n a   group,   but   in co n si s te n t  

us a g e   by   d i f f e r e n t   g e o l o g i s t s   led   the   A m e r i c a n   A s s o c i a t i o n   of  

P e t r o l e u m   Ge ol o gi s ts   to   a p po i n t   a   com mi tt e e   to   study   the   prob  

lem.   Th e y   ( l e ve r in g   and   others,   1932,   p.   702 -70 3)   red efined  

the   F o x  Hi l l s   as   fo ll ows  2

The   ba se   of   the   F o x   Hills   fo r m a t i o n   shall   be  
con si d er e d   as   the   h o r i z o n   b e l o w   w h i c h   the   sec ti on  
is   p r e d o m i n a n t l y   gr ay   m a r i n e   clay   shales   and   sandy  
shales   of   Pierr e   age,   and   above   w h i c h   the   se cti on  
c h an g es   rapid ly   to   a   b u f f   to   b r o w n   s a nds to ne   c o n -
ta in i n g   n um e r o u s   large   g r a y   to   brown,   hard,   sandy  
co nc ret i on s .   This   lower   c o n cr e ti o na r y   m e m b e r   is  
c o m m o n l y   o v er l a i n   by   a   series   of   light   gra y   to  
b r o w n   s an d st o ne s   and   sandy   shales.

The   top   of   the   F o x   Hills   fo r m a t i o n   shal l   be  
co n si d er e d   as   the   h o r i z o n   above   w h i c h   the   se ct io n  
is   com pos ed   p r e d o m i n a n t l y   of   fresh -   and   b r a c k i s h -  
w a t e r   de pos it s   a c co m p a n i e d   by   coals   and   lignitic  
shales,   and   b e l o w   w h i c h   it   is   p r e d o m i n a n t l y   m a r i n e .
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b e e n   c o rr el ate d   w i t h   the   T ri n i d a d   sands to ne   in   so ut h e a s t e r n  

C o l o r a d o   and   s o u t h e a s t e r n   N e w   Mexico,   and   wi t h   the   Pictured

Cl if f s   san ds ton e   of   s o u t h w e s t e r n   C o l or a do   and   n o r t h w e s t e r n
!

N e w   M e x i c o   ( Heaton,   1950,   p 0 1 5 6 0),   al th o ug h   W e i m e r   ( i9 6 0,  

p,  5)   pl ac ed   it   abov e   those   f o r m a t i o n s ,

L a ra m ie   f o r ma t io n

N o m e n c l a t u r e  %   The   name   Laramie   fo r ma t io n   first  

a p pe ar e d   on   maps   by   K i n g   (1 8 7 6)   and   in   a   report   by   H a y de n  

(1 8 7 6,   p.   20-27,   40-46) .   The   name   w a s   lo os ely   ap plied   to  

r oc k s   of   varied   ages   over   a  w i d e   area,   and   in   1910   the   U.   S.  

G e o l o g i c a l   S u r v e y   r e st r ic t ed   it   to   the   D e n v e r   b a s i n   ( Wilmarth,  

1938,   p.   1151)»   The   La ra m i e   fo rm a ti o n   includes   those   s tr ata  

b e t w e e n   the   top   of   the   F o x   H il l s   sands to ne   and   the   c o n g l o m e r -

ati c   rocks   tha t   f o r m   the   b a s e   of   the   A r a p a h o e - D e n v e r   and   D a w -

son   form at ion s.

L i t h o l o g y%   The   Lar a mi e   fo r m a t i o n   c om pr ise s   a   s e r -

ies   of   i n t e rb e dd ed   san dstones,   siltstones,   clays,   c a r b o na c eo u s  

shales,   and   o c c a s i o n a l   coal   lenses.   E x p o s u r e s   in   the   D e vi ls  

Head   q u a d r a n g l e   are   g e n e r a l l y   poor   and   d i s co n ti n uo u s.   The  

b a s a l   p o r t i o n   is   a   m a s s i v e   to   cr os sbe dd ed   gr a y   f i n e- g ra i ne d  

q u a r t z   sandstone,   o v e r l a i n   by   lenticular.   I r r e g u l a r l y   bedded,  

l i gh t - g r a y   to  buff,   fi n e- g r a i n e d   a r g i l l a c e o u s   sandstone.   The  

u p p e r   part   of   the   formation,   al mo st   e n ti r el y   covered,   ap pea rs  

to   con si st   of   si mi la r   l i g ht - gr a y   to   b u f f   sa nd s to n es   and   s i l t -

stones,   a l o ng   w i t h   li g h t - g r a y   clays   and   d a r k  gra y   to   b l a c k
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shale  o

P a l e o n t o l o g y  g   U n i d e n t i f i a b l e   plant   remains   and   sill-  

cifled   wo od   we r e   the   only   fossil s   found   in   the   Laramie   f o r m a -

tio n   in   this   a r e a „   F o s s i l   plant s   have   b e e n   found   a bu n da n t l y  

in   the   formation,   p a r t i c u l a r l y   at   G ol den   ( Knowlton,  1 8 9 6),   and  

f o s s i l   din os au r s   f r o m   this   fo r ma t io n   In   the   D e n v e r   B a s i n   were  

rep or ted   b y   Ma r sh   (1 8 9 6,   p.   47?).

T h i c k n e s s  g   The   Lar am ie   f o r m a t i o n   is   about   600   feet  

th ic k   in   this   area.

N a t u r e   of   c o n t a c t s s   The   co nt act   b e t w e e n   the   Laramie  

f o r m a t i o n   and   the   F o x   Hil ls   sands to ne   is   l i t h o l o gi c al l y   d i s -

tinct   in   this   area,   a lt h o u g h   the   s ta te men t   of   L ov er lng   and  

ot he rs   (1 9 3 2,   p.  7 0 2-7 0 3)   implies   that   this   c on ta ct   is   g e n e r -

a l l y   g r a d a t i o n a l   in   this   r e g i o n .   The   co nt ac t   b e t w e e n   the  

Lar a mi e   f o r m a t i o n   and   the   D a w s o n   arkos e   is   l i th o lo g ic a ll y  

distinct,   a l t h o u g h   no   d is c or d a n c e   in   at t i t u d e   was   noted.

N o r t h   of   J a c k s o n   Greek,   the   D a w s o n   ark os e   rests   on   Pierre  

shale,   i n d i c a t i n g   an   e r o s i o n a l   d i s c o n f o r m i t y   b e l o w   the   D a w s o n .  

The   e r o s i o n a l   d i s c o n f o r m i t y   b e t w e e n   the   Laramie   fo r m a t i o n   and  

the   A r a p a h o e - D e n v e r   formation,   eq u iv a l e n t   to   the   Dawson,   was  

r e co g n i z e d   by   B r o w n   (1943,   p.   84).

E n v i r o n m e n t   of   d é p o s i t i o n s   The   st ra t a   of   the   L a r a -

m i e   f o r m a t i o n   are   of   c o n t i n e n t a l   origin,   p r o b a b l y   dep o si t ed   on  

l o w   p l ain s   dotted   w i t h   lakes   and   s w a m p s .   Th e   flora,   reported  

b y   K n o w l t o n   (1 8 9 6,   p.   472),   indic at es   a   mild,   w a r m   climate.
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Age   and   c o r r e l a t i o n s   Its   fl o ra   and   fauna   indicate  

that   the   La ramie   f o r m a t i o n   is   of   U pp e r   C re t ac e ou s   age  »   It   is  

co r re l at e d   wi th   the   Lance   f o r m a t io n   of   n o r t h w e s t e r n   Colorado,  

Wy om in g,   and   w e s t e r n   Montana,   and   wit h   the   H e l l   C r e e k   f or m at i on  

of   e a s t e r n   M o n t a n a   ( Weimer,   i9 6 0).

M e s oz o ic   -   Cenozo ic  

The   b o u n d a r y   b e t w e e n   the   Me so z oi c   and   Ce no zo ic   eras   lies  

w i t h i n   the   D a w s o n   arkos e»   D i n o s a u r   bones   have   b e e n   found   in  

the   lower   part   of   the   Dawson,   and   Te r tia ry   v e r te b ra t e   remains  

hav e   b e e n   found   at   h i g he r   horizons,   but   the   exac t   pos i ti o n   of  

the   time   b o u n d a r y   has   not   b e e n   fixed  »

C re t ac e o u s   -   T e rt i ar y  

D a w s o n   arkose

N o m e n c l a t u r e  :   The   D a w s o n   a rko se   w as   n a med   by

R i c h a r d s o n   (1 9 1 2),   w h o   app l i ed   the   t e r m   to   the   lower   me m b er  

of   H a y d e n  *  s   M o n um e nt   C r e e k  g r o u p .   The   nam e   is   de ri ved   fr o m  

D a w s o n   B u t t e   w h i c h   lies   abo u t   three   m i l e s   east   of   the   De v i ls  

He a d   q u a d r a n g l e  »

L i t h o l o g y :   The   D a w s o n   a rko se   is   a   serie s   of   light-

b r o w n   to   buff,   p o o r l y   b e dd e d   and   cro ss-bedded,   co ars e-   to  

ve r y   c oa r s e - g r a i n e d   ar ko s e s   and   c o n g l o me r at e s  »   Lenses   of  

s i l t s t on e   and   m i c a c e o u s   shale   are   sc at te red   t hr o ug h   the   s e c -

tion,   p a r t i c u l a r l y   in   the   u p p e r   part  0  The   ba se   of   the   f o r m a -

t i on   is   c h a r a ct e ri z ed   by   an   a rk o si e   c on g l o m e r a t e   c on t ai n i n g
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p e b b l e s   and   small   cobbl es   of   q u a r t z ,   chert,   quartzlte,   and  

gr an i t e  <,   The   top   of   the   formation.   In cl ud in g   the   D ou g l a s  

r h y o l l t e   member,   is   not   p r e s e n t   In   the   De vi l s   Head   qu adrangle,  

a l t h o u g h   a   few   f r a g m e n t s   of   rh yo l lt e   float,   p r e s u m a b l y   t r a n s -

po rte d   by   man,   w e r e   enc ou nt e r ed ,

B a u e r   (1958,   p,   73)   div id ed   the   D a w s o n   ar ko se   into  

an   u p p e r   and   lower   member,   ba se d   on   the   r e l a ti v el y   gr e a t e r  

a b u nd a nc e   of   si lt sto ne   and   shale   in   the   u pp e r   member.   He  

stated   the   b o u n d a r y   could   be   rec og ni z ed   in   el e ct r ic   w e l l   logs  

but   that   it   was   very   d i f f i c u l t   to   m a p   on   the   s u r f a c e ,   The  

d i v i s i o n   of   the   D a w s o n   into   two   m e m b e r s   is   not   used   in   this  

report  «

P a l e o n t o l o g y  z   No   fo ssi ls   w e r e   found   in   the   D a w s o n  

a r ko se   d u r i n g   this   study,   a l t h o u g h   ve r t e b r a t e   and   plant   f o s -

sils   have   b e e n   found   in   the   D e n v e r   b a s i n   and   east   of   C ol o r a d o  

S p r i n g s  o

T h i c k n e s s  s   Th e   top   of   the   D a w s o n   ark os e   does   not  

o c cur   in   the   D e v i l s   H ea d   qua dr ang le ,   so   its   o r i gi n al   t h i c k -

ne ss   is   unknow n,   A  well,   the   J,   S,   A b e r c r o m b i e   No,   1   State,  

in   sec,   16,   T,   8 S , ,   R,  6 7 Wo,   e n c o u n t e r e d   27 0 0   feet   of   D a w -

son   beds.   It   is   es t i m a t e d   that   abo ut   2000   feet   of   D a w s o n  

a r ko se   is   left   in   the   D e vi l s   He a d   qu a dra ng le.

N a tu re   of   c on ta cts  s   There   is   an   e r o s i o n a l   d i s c o n -

f or m it y   at   the   ba s e   of   the   D a w s o n   arkose,   w h i c h   rests   up o n  

the   Pierre   shale   just   n o r t h   of   J a c k s o n   Creek,   and   u p o n   the
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L a ra m ie   f o r m a t i o n   sout h   of   J a c k s o n   C r e e k   and   in   the   n or t h e a s t  

c o r n er   of   the   ma p p e d   area.   The   u p p e r   co nta ct   of   the   Da w s on  

a r k o s e , n o t   found   w i t h i n   the   m a pp e d   area,   wa s   reporte d   by  

R i c h a r d s o n   (1912)   to   be   an   u nc o n f o r m i t y .   Th er e   are   local   u n -

c o n f o r m i t i e s   w i t h i n   the   D a w s o n   ( Richardson,   1912|   Bauer,   1958,  

p e   74)   but   of   p r o b a b l e   smal l   ex te nt   ( G.   R„   Scott,   oral   c o m m u n -

ication).

E n v i r o n m e n t   of   d e p o s i t i o n s   The   lower   part   of   the  

D a w s o n   arkose   is   of   U p p e r   Cr e t a c e o u s   age   as   Indic at ed   b y   d i n o -

saur   remains,   and   the   u p p e r   part   has   b e e n   dated   as   E o c e n e   on  

the   b a s i s   of   v e r t e b r a t e   fos sil s   ( Wilmarth,   1938,   p,   575-576) ,  

b u t   the   e x a ct   h o r i z o n   of   the   time   b o u n d a r y   has   not   b e e n   f i x e d ,  

The   C r e t a c e o u s   part   of   the   D a w s o n   arko se   i n te r fi n ge r s   w i t h   the  

A r a p a h o e   f o r m a t i o n   and   w i t h   the   lower   par t   of   the   D e n v e r   f o r m -

ation,   The   T e r t i a r y   pa rt   of   the   D a w s o n   ar ko se   is   cor re la ted  

w i t h   the   u p p e r   D e n v e r   f orm at io n.
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M E T A M Q R P H I C   A N D   IGNEOUS   RO C KS

The   so -called   c ry s t a l l i n e   rocks   of   the   D e vi l s   Head   area  

c o mp r i s e   schists,   gneisses,   and   mig m at i t es   of   the   Idaho   Springs  

formation;   Pikes   P e ak  granite,   wi t h   its   a s so ci a te d   aplites  

and   peg ma ti tes ;   and   di ab a si c   an d ési te   dikes.   The   dia ba se   dikes  

a re   p r ob a bl y   of   T e r t i a r y   age;   the   other   c r y s t al l in e   rocks   are  

of   P r e c a m b r i a n   age.

I d aho   Sp r in g s   f o r m at io n

The   Idaho   Spr in gs   f o r m a t i o n   was   name d   by   B a l l   (1906,  

p.   374)   f r o m   its   t yp i c a l   e x p os u re   ne a r   Idaho   Springs,   C o l o -

rado.   He   c o n s id e re d   the   rocks   to   be   m e t a m o r p h o s e d   se diments  

and   r ec o g n i z e d   four   g e n e r a l   r o c k   types  s   b l o t l t e - s i l l l m a n l t e  

schist,   b io t i t e   schist,   qu ar t z   g n e i s s ,   and   lime   si lic at e   r o c k s .  

The   f o r m a t i o n   name   has   since   be e n   applied   b y   other   w r it e rs   to  

m o s t   of   the   m e t a m o r p h i c   rocks   in   the   F r o nt   R a n g e .   Re c e nt   w o r k  

b y   g e o l o g i s t s   of   the   U.   S.   G e o l o g i c a l   S u r v e y   in   var ious   parts  

of   the   F ro nt   Range   ( Drake,   1 9 5 7 I   H a r r i s o n   and   Wells,   1956,

1959;   Si m s   and   others,   1955,   1958)   has   d i s c l o se d   a   mu ch

5 7
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g r e a t e r   v ar i e t y   of   ro c k   types   and   has   de m on s tr a te d   the   p o s -

si bi l i t y   of   m a p p i n g   lithol og ie   units   w i t h i n   the   Idaho   Spr ings  

in   di f f e r e n t   places.   Close   co r r e l a t i o n   of   unit s   over   large  

d i s t a n c e s   is   q u e s t i o n a b l e ,   a l t h ou g h   such   c o rr el ati on s   have  

b e e n   a t t em p te d   ( Boos,   i9 6 0).

W i t h i n   the   D e v i l s   Head   quadrangle,   Idaho   Spr ings   rocks  

oc cu r   only   in   the   N W ç   sec.   9;   T.   8   S. ,   R.  6 9  W,   The   m e t a m o r -

phic   rocks   a l o n g   the   edge   of   the   b a t h o l i t h   in   the   souther n  

par t   of   the   K a s s l e r   qu a d r a n g l e   we r e   al s o   m app ed   d ur i n g   this  

in ve s ti g at i on .

B e c a u s e   only   a   n a r r o w   st ri p   of   m e t a m o r p h i c   rocks   was  

e x a m i n e d ,   and   b e c a u s e   out cr op s   are   scattered,   the   Idaho  

S p r i n g s   f or m a t i o n   w a s   ma p p e d   as   an   u n d i f f e r e n t i a t e d   unit.  

S a m p l e s   of   the   p r i n c i p a l   r o c k   types   we r e   coll ec te d   and   e x a m -

ined  1  the   re sul ts   are   sum ma r iz e d   in   T ab le   1.   In   the   order   in  

w h i c h   they   ap pe a r   in   the   table,   the   ro ck   name s   are   b i o t i t e -  

c o r d l e r i t e - o r t h o c l a s e - a n d e s i n e - q u a r t z   gneiss  1  a u g i t e - l a b r a -

ti  o r i t e - q u a r t z   gneissj   c h l o r i t e - b i o t i t e - b y t o w n i t e - q u a r t z   schist;  

b i o t i t e - m i c r o c l i n e - q u a r t z   gn e i ss  ;   s l l l i m a n i t e - m i c r o c l i n e - q u a r t z  

ho rn fe l s;   s e r ic it l ze d   b i o t i t e - a n d e s i n e - q u a r t z   schist  ; q u a r t z -  

l a b r a d o r i t e - h o r n b l e n d e   gn ei ss   ( amphibollte) j   q u a r t z - m i c r o c l i n e  

h o r n f e l s   ( migmatite) ;   b i o t i t e - a n d e s i n e - m i c r o c l i n e - q u a r t z  

schist;   and   s e r i e i t e - q u a r t z - h o r n b l e n d e   s c h i s t „

T h ese   are   all   h i g h - g r a d e   m e t a m o r p h i c   r o c k s .   The   first  

t wo   are   a s s ig n ed   to   the   p y r o x e n e   hornfel s   m e t a m o r p h i c   facies;
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the   others   are   a ss ig ned   to   the   al ma n di n e   a m p h ib o ll t e   facies  

( Turner,   1 9 5 3 ) »   The   m i n e r a l o g y   indicates   that   the   parent  

rocks   b el o n g e d   to   the   politic   and   the   q u a r t z o ̂ f e l d s p a t h i c  

c h e m i c a l   classes,   con si s te n t   wi t h   an   or ig in al   se di m e n t a r y   d e -

p o s i t i o n   of   the   Idaho   Sp ri n gs   f o r m a t i o n „

A c c o r d i n g   to   L ov e r l n g   (1 9 2 9),   the   Idaho   Spr in gs   f o r m a -

tion   was   laid   do w n   as   a   series   of   ma ri n e   sands ton es   and   s h a l e s „  

T e c t o n i s m   15 00   m i l l i o n   years   ago   ( Giffin   and   Kulp,   i9 6 0)  

caused   h i g h - g r a d e   r e g i o n a l   m e t a m o r p h i s m   of   the   f o r m a t i o n   and  

de ve l op e d   the   a l m a n di n e   am ph i b o l l t e   facies   in   the   De v i l s   Head  

area.   I n t r us i on   of   the   Pikes   Pea k   b a t h o l i t h   about   1050   m i l -

lion   years   ag o   pro du ced   the   h i g h e r - g r a d e   pyr oxe ne   ho r nfe ls  

facies   in   the   w a l l s   i m m ed i at e ly   a d ja c en t   to   the   c o n t a c t „

Pikes   Peak   gr ani te

Pikes   Pe ak   g r an i te   u n d e rl ie s   all   of   the   De vi ls   Head   q u a d -

rangl e   ex ce pt   the   ext r e me   n o r th we s t   c orn er   and   a   mi l e - w i d e  

s t r i p   a l o n g   the   e a s t e r n   e d g e .   On   the   east,   the   g ra n i t e   is  

b o u n d e d   by   h i g h - a n g l e   thrust   faults,   so   the   or i g i n a l   ea st e r n  

e x t e n t   of   the   g r a n i t e   is   u n k n ow n .   On   the   north,   in   the   s o u t h -

e r n   part   of   the   K a s s l e r   qu adrangle,   the   gr an it e   is   in   i n t r u -

sive   co nta ct   wi t h   the   Idaho   Sp ri n gs   formation.

P e t r o g r a p h y

The   Pikes   P e a k  g r a n i t e   in   the   D evi ls   Head   q u a d r a n g l e   is
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p i n k   to   pale   pink ish -g ray ,   co ar se - gr a in e d   ( Travis,   1955,   p.   3)  

h o r n b l e n d e - b e a r i n g   b i o t i t e   granite,   quart z   monzonite,   and  

l e u c o g r a n i t e .   It   w e a t h e r s   d i f f e r e n t i a l l y   to   give   ex f o l i a t i o n  

do mes   and   shells,   isolate d   and   relict   boulders,   and   in   places  

t h i c k   de po si ts   of   a   g r a v e l l y   rubble   called   grus   ( Stokes   and  

Varnes,   1955,   p.   68) ,   N ea r   the   ea st e r n   edge,   w h e r e   the   g r a n -

ite   has   b e e n   e x t e n s i v e l y   shear ed   alon g   wit h   the   thrust   f a u l t -

ing,   the   gr a ni t e   is   he a v i l y   stained   by   hematite,   so   it   is  

b r i c k   red   to   r ed d i s h   b r o w n  »   This   stain   is   very   no t i c e a b l e   as  

one   a p p ro a ch e s   the   m o u n t a i n   front   f r o m   the   east  »

The   g r a n i t e   is   hol oc rys t al l in e ,   e q u i g r a n u l a r   to   somewhat  

se ri at e   inequig ra nu lar ,   c o a r s e - g r a i n e d ,   h y p i d i o m o r p h i c   g r a n u -

lar,   Pe rt hit ic   textur e   abounds,   my r me k l t i c   texture   is   common,  

and   some   a n ti p e r t h i c   te xtu re   o c c u r s „   The   mi n e r a l s   of   the  

g r a n i t e   are   quartz,   mic ro cl in e ,   and   plagioclase,   w i t h   sma ller  

a m o u n t s   of   b io t i t e   and   ho rn blende,   and   a c c e s s o r y   magnetite,  

allanite,   fluorite,   sphene,   zircon,   and   a p a t i t e .   As   the   p r o -

p o rt i o n s   of   the   m i n e r a l s   change   f r o m  p l ace   to   place   w i t h i n   the  

ba th oli th ,   the   c l a s s i f i c a t i o n   of   the   rock,   f o l l o w i n g   the   s y s -

t e m   of   J o h a n n s en   ( 1931)   or   of   Tr av i s   (1955),   ch anges   f r o m  

g r a n i t e   to   q ua r t z   m o n z o n i t e   to   l e u c o g r a n i t e .

The   q u art z   is   g e n e r a l l y   anhedral,   and   shows   w e l l - d e v e l -

oped   li ne a r   to   ir r e g u l a r   b u b bl e   trails   and   s ca t te r ed   mi n ut e  

ru ti le   n e e d l e s ,   The   m i c r o c l i n e   shows   p r o mi n en t   grid   twinning,  

and   p e r t hi t ic   s t r u ct u re   w h i c h   varies   f r o m  g r a i n   to   g r a i n   and
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f r o m   se ct i on   to   se ct i on  «

S e v e r a l   di f f e r e n t   v a r i e t ie s   of   p l a g i oc l as e   m a y   be   found  

in   the   same   section.   Subhed ra l,   d i s t i n c t l y   zoned   crystals  

are   b el i e v e d   to   be   pr i m a r y   pl agi oc la s e|   they   range   f r o m   Angy  

to   A n ̂ ̂   In   co mp osi ti on.   S u b h e d r a l   to   anhedral,   ge n e r a l l y   u n -

zoned   crystals,   Angc,   to   A n ̂ ,   p r o b a b l y   rep re se n t   e x so l ut i on  

and   r e c r y s t a l l i z a t i o n .

Ar ou n d   the   edges   of   some   of   the   fel d sp a r   grains,   p a r t i -

cu la rly   w h e r e   m i c r o c l i n e   is   in   c ont ac t   w i t h   pl agioclase,   clear  

and   s om et ime s   u n twinned   albite,   about   A ny   to   An^Q,   is   common.  

It   is   be l i e v e d   to   r e p r es e nt   al bi te   exs ol ved   f r o m  mi c ro c l i n e  

d u r i n g   cooling.   In   some   sp ec ime ns   the   fe lds p ar s   are   st r on g ly  

s e r i c i t l z e d .

B i o t i t e   occurs   as   g r e e n i s h - b r o w n   a n h e d r a l   flakes   w i t h  

m a r k e d   p l eo c hr o ic   haloes   arou nd   included   tiny   e u h e d r a l   zi rc on  

crystals.   In   a   few   sections,   u n c o m m o n   grains   of   br ig h t   b r e e n  

b i o t i t e   w e r e   found|   they   ap p e ar   to   hav e   formed   later   than   the  

b r o w n   bi o ti t e.   H o r n b l e n d e   occurs   as   ple o ch r oi c   g r e e n   s u b h e -

d r a l   to   a n h e d r a l   c r y s t a l s .   The   b i o t i t e   and   h o rn b le n de   are  

p ar tly   al te red   to   chlo ri te   in   some   sections.

A l l a n i t e   is   a   ub i q u i t o u s   a cc e s s o r y   mineral,   g e n e ra ll y  

as   ro und ed   s u b h e d r a l   grains.   It   is   ofte n   o p ti c al l y   isotropic  

( m e t a m i c t )   and   is   surro und ed   by   r ad ial   and   co n ce n tr i c   f r a c -

tures   in   the   en c l o s i n g   min er al s .   P ur pl is h   to   color le ss   f l u o r -

ite   occurs   as   i r r e gu l ar   i n t e r s t i t i a l   grains.   M a g n e t i t e   occurs
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as   a n h e d r a l   gr ai ns   al te r i n g   to   hematite   in   places  0   Apatite  

occurs   as   tiny   e u h e d r a l   crystals  0   In   some   spec ime ns   there  

is   a   st r on g   te nd e nc y   for   the   mafi c   m in e r a l s   and   the   a c c e s -

sori es   to   be   cl us te re d   t o g e t h e r „

A l o n g   the   R a m p a r t   R a n g e   road   in   the   SVTç-   sec  „   23,   T.   8   S. ,  

R .  6 9  Wo,   a   plug   of   h y d r o t h e r m a l l y   alt ered   gr a ni t e   is   exposed  

in   the   east   w a l l   of   the   road   c u t „   The   p lu g   occupies   an   e l -

l i p t i c a l   a r e a   east   of   the   road   about   100   yards   f r o m  nort h   to  

sout h   and   200   yards   fr o m   east   to   wes t  0   S u r fa c e   expos ur es  

ar e   poor,   and   the   b o u n d a r y   c a nno t   be   sh ar p ly   del in ea t ed  «

No   trace   of   the   a l t e r a t i o n   zone   was   found   in   the   west  

b a n k   of   the   road   cut  »   In   the   east   bank,   the   zone   seems   to  

be   t a p e r i n g   s l i gh t ly   d o w n w a r d .   The   g r an i te   in   the   a lt e ra t i o n  

zone   was   chang ed   to   la ven de r   or   light   gra y  w i t h   scattered

d a r k   red   hematite,   and   shows   d i s t i n c t l y   as   one  drives   past

on   the   r o a d „

The   a l t e r a t i o n   re mo ved   the  ma fi c   m i n e r a l s   f r o m   the   g r a n -

ite,   and   h i g h ly   s e r i c it i ze d   and   a r gi l l i z e d   the  f e l d s p a r s „

The   clay   is   b e l i e v e d   to   be   largely   raontmorillonite,   as   samples  

of   the   alt er ed   g r a n i t e   swe ll   and   b r e a k  u p   in   w a t e r .   Spe c ul a r  

and   ea rt h y   red   h e m a t i t e   has   b e e n   added   to   the   rock»   In   some  

s p e c i me n s   q u ar t z   a pp ea r s   to   have   be e n   rem o ve d  1  in   others,  

a u t h i g e n i c   qu a r tz   enc l os e s   du s ty   clay   p h an to m s  »

S t r u c t u r a l   controls,   such   as   faults   or   ma j o r   joints,  

of   the   a l t e r a t i o n   zone   are   not   a p pa r en t  »   The   al te r i n g   fluids





Ta
bl
e 
2.
 

Mo
da
l 
c
o
m
p
o
s
i
t
i
o
n
 
of
 
ig
ne
ou
s 
ro
ck
s 
fr
om
 

th
e 
De
v
il
s 
He
ad
 
q
u
a
d
r
a
n
g
l
e

T - 9 0 1 6 5

r-i i n
CM i •  
i n i no H

i n

* c o o -
H i
i n i vo - ̂  r

vo

* i n o o i n i n
M
- = r C'- • = r r-i i n

e n - = r r-i

n o n o r- vo
- = r
no o o o r~i vo

n o no CM

00 C h 00 o\
CM •   > •
no o c - O - CM

no ^ r H

O Y CM 00 o
H
no 00 VO VO 0-

CM no CM

H 0\ O o\
O o
n o o o no n o CM

CM i n r-i

O v o O O
o o 0 0
CM o o o\ - = r ^ r

CM no CM

 -=r H CM m
x o • •  0 : 0
CM ^ r i n ^ r -=T

CM i n r-i

* '   VO 00 a v
m • » 0
CM i n CM 00 CM

CM m r-i

C M vo r-i o \
CM X \ f « »  
CM no CM o - no

no -=r 1— i

* *   o - r-i r-i - = t
r-i e 1 0 0
CM o 00 c- 0 0

no z r i—!

e €>
o 9) 09
% G 0

• H r-i
o H O 1 )
r 4 N O O p
Q . P o • H • H
6 U bO P
0 0 o 0 o
CO d • H r-i • H

! o f S to PQ

OY
o

no
o

CM

CM

0>
T3
c
1)
r-i

#
Sh
O
«

h   r-   vo
co   in  h

o n

i n   e
O   B
o

oo
o

r-i

o

no   -=r  
h   o

H   no  
no   O

CM

o

i n

o

no
O

o
p
«H
- P

S
bO
0

€)
P
•H

I

O   CM   D   8
•   e   8   8
H   O

t)
C•H
>
•H

G U CM
Em r - i

CM
CM

SG
o \ CM ^ r CM

H
O O o CM

CM

?r - i H
e 0 VOo o CM

CM

t o
r - i 1—1 o r - i  u

•   • 0 0   ’ o Em v oo o r - i o CM
CM

to
u 5h CM &
E-» Em Em Em VO

O CM
H I

t o
U &4  VO no s

Em Em 0 VOo O CM
CM

to
H  CM r - i i—1 o»
* 0  - 0 EM v o

O O o o CM
r - i

t o
CM r—l r - i r - i m

0   ' e o • VO
O o o o o CM 0

CM < o

rH
to J 3

r—1  u -=r u i— i «
0 Em 0 Em 0 v o 4J

o o o CM 4)
CM 4»

et
t o *

u H  % r—I 86
E4 0 Em 0 VO  08

O o CM $>>
i —1 rM   ;

«8a
to <8

CM CM i— l r - i r - i C»
e   - 0 VO «

O O o O o CM O
CM

1
to •8

U  H  CM Sh —
Eh 0 Em VOo d CM £

r - i 4*

t)
P
=H
P
0
a
<«c

c
o
o
u
•H

9)
P
•H
P
O
5
H
to

O
P
•H

§
r - i
H
<

t)
G
9)

a
CO

«  ,
09  r-i
G  O

S' s
G  >5
O  CO
hD

5
r-<

s

•S*
II
p

iseN

I

n
PM

s
N

S

s

PM

S
C M

S•H

i
8
!
E
p

sr4
e







T- 9 0 1 68

Tabl e   ij.*   C I P W   M o m s   of  R oo k s   of   D e v i ls   Head   Qua dr a ng l e

N o r m a t i v e
m i n e r a l Weigh t per ce nt

S a mp le  21  
n u mb er 25 41 51

Q u a r t z 2 6 . 4 6 2 5 . 3 2 33 . 48

C o r u n d u m 0. 41 0. 71 0 . 2 0

O r th o e l a s e 3 3 . 9 2 3 6 . 7 0 35 . 58 11. 68

A l b i t e 2 9 . 8 7 2 7 . 2 5 23 . 58 2 7 . 2 5

A n o r t h i t e 3 . 8 9 4 . 7 3 3 . 0 6 1 8 . 9 0

D i o p s i d e 8 . 5 0

H y p e r s t b e n e 2 . 0 2 2 . 0 5 1. 42 2. 69

Ol iv i ne 12. 28

M a g n e t i t e 1 . 3 9 1 . 3 9 1. 86 9. 51

llm en ite 0 . 6 1 0 . 6 1 0. 46 5. 02

A p a t i t e 0 . 3 4 0 . 3 4 1. 34

F l u o r i t e 0 . 3 1 0 . 2 3 0. 39

C I P W   symbol. 1,4.2.3. 1. 4. 2. 3. 1. 4. 1. 3.   111. 5. 3. 4.
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on   se le cte d   felds pa rs   f r o m   the   granitej   the   results   of   these  

a n a l ys e s   lead   to   some   po ss i bl e   petro lo gi c   co nc l us i on s  »

The   c he mi cal   an al y s e s   of   two   g ra ni tes   and   an   aplite,   wh e n  

cal cu l at e d   as   norms,   give   o r t h o c l a s e - a l b i t e - q u a r t z   ratios  

ne ar   1: 1: 1.   This   is   a p p r o x i m a t e l y   the   l o w e s t - m e l t i n g   c o m p o -

si tio n   found   by   T ut tle   and   B o w e n   (1958,   p.   5^-75)   for   the   s y s -

t e m   a l b i t e - o r t h o c l a s e - q u a r t z - w a t e r ,   and   is   in t er p re t ed   as  

e v i d e n c e   for   a   m a g m a t i c   or ig i n   of   the   granite.

The   s o d a - l i m e - p o t a s h   ratios   are   such   that   a c c o r d i n g   to  

T u t t l e   (1952,   p.  116-1 2 0)   all   the   pl ag i oc l as e   should   have  

formed   by   u n m i x i n g   f r o m   an orthoclase,   un l e ss   f lu x in g   by   v o l a -

tiles   had   lowered   the   liquids   enoug h   to   permi t   two   f eld sp ar s  

to   c r ys t a l l i z e   s i m u l t a n e o u s l y .   Tne   w o r k   of   Tu tt le   and   W y ll ie

(1 9 5 7)   and   the   pr e se n ce   of   a p p re c ia b le   am o unt s   of   f lu or ite   in  

the   g r a n i t e   sugges t   a   p o s s ib l e   source   of   fluxes,   and   the  

p r e s e n c e   of   ap p a r e n t l y   p ri m a r y   pl ag io c la s e   in di cat es   that  

f l ux i n g   a c tu a l l y   o c c u r r e d .

X - r a y   studies   on   the   feldspars,   di sc us sed   in   a   later  

section,   show   that   u n m i x i n g   of   p l a g io c la s e   f r o m  m i c r o e l i n e  

al so   t o o k   p l a c e .   The   f i n a l   tem pe ra t ur e   of   u n m i x i n g  was   r e l a -

ti v el y   low   and   u n i f o r m   t h ro u gh o ut   the   area.

M o d a l   an a l y s e s   of   d i f f e r e n t   samples   of   the   gr an i ti c   rocks

d i f f e r   en o ug h   to   justif y   d i f fe r en t   rock  n am es   ( Travis,   19553
<&-

Johan ns en,   1931)>   but   the   d i f f e re n ce s   are   not   very   great,   and  

are   so   g r a d a t i o n a l   that   n o   sy st ema ti c   zo ni n g   of   ro ck   types   is
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Indicated  »   It   is   inf erred   that   the   di f fe r en c es   in   c o m p os i ti o n  

do   not   rep re se n t   d e fi ni t e   zo ni n g   in   the   granite,   but   rather  

local   in h o m o g e n e i t i e s   of   the   ma g m a  »   D i g e s t i o n   of   xen ol it h s  

mi gh t   cause   such   local   changes   in   c o m p o s i t i o n ,

If   the   c l a s s i f i c a t i o n   of   Tu tt le   and   B o w e n   (1953,   p,   129-  

1 3 0)   we r e   used,   the   rocks   would   all   be   classed   as   subsolvus  

g r a n i t e s ,

O r i g i n   of   the   g r a n i t e .   A l t h o u g h   treat ed   sep a ra t el y   here,  

the   ori g in   of   the   gr a ni t e   and   its   em p l a c e m e n t   are   related  

p r ob le ms   that   cann ot   be   c om p l e t e l y   s e p a r a t e d .

The   d ef i n i t e   con t ac t   b e t w e e n   the   g ra n i t e   and   the   m e t a m o r -

phic   w a l l   rocks,   the   ab se nc e   of   c o n t a m i n a t i o n   in   the   gr ani te  

n e a r   the   contact,   and   the   c o m p o s i t i o n   of   the   g ra n it e   nea r   the  

q u a r t z - o r t h o c l a s e - a l b i t e   cot ectic   ( Tuttle   and   Bowen,   1958)  

in di c at e   the   or ig in   of   the   gr a nit e   as   m a g m a ,   rathe r   than   by  

"g ra n iti za tio n" .   The   g r an i t i c   m a g m a   may   have   resulted   ( l)   by  

d i f f e r e n t i a t i o n   f r o m   a   mo r e   basic   m a g m a   (2)   m e l t i n g   of   sialic  

m a t e r i a l   by   in t r u s i o n   of   ba si c   m a g m a   at   d e p t h   fo llo we d   by  

rise   and   r e i n t r u s i o n   of   g r a ni t ic   m a g m a   at   hi gh er   levels,   or  

(3)   s e le c ti v e   r e m e l t i n g   of   ro ck   m a t e r i a l   at   d ep th   followed   by  

rise   of   gr a nit e   m a g m a   ( Hutchinson,   i9 6 0).

The   third   h y p o t h e s i s   is   bel ie v ed   to   be   the   mos t   pro bab le  

e x pl a na t io n -   D u r i n g   the   d e f o r m a t i o n   150 0  m i l l i o n   years   ago  

( Gi ffin   and   Kulp,   i9 6 0)   that   caused   the   r eg i o n a l   m e t a m o r p h i s m  

of   the   Idaho   S pr i n g s   formation,   strong   d o w n f o l d i n g   in   the   area
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of   the   Pikes   Pea k   b a t h o l i t h   m ay   have   carried   Idaho   Spring s  

and   u n d e r l y i n g   rocks   to   de p th s   of   se v era l   m i l e s .   At   the   t e m -

p e ra t ur e s   p r e v a i l i n g   at   these   depths   and   in   the   pre se n ce   of  

w a t e r   and   other   volatiles,   m e l t i n g   of   some   of   the   m in e r a l s  

of   these   rocks   wo ul d   give   rise   to   a   liquid   of   g r an i ti c   c o m p o -

si t io n   ( Tuttle   and   Bowen,   1958,   p.   121-124) ,   At   d eep er   levels  

mo re   b a sic   c o m p o si t io n s   w ou ld   be   l i q u i d ,   and   d i f f e r e n t i a t i o n  

of   those   liquids   w o ul d   add   to   the   volume   of   g ra n it e  »   As   large  

vol u me s   of   g ra n it e   w e r e   f o r m e d ,   they   would   tend   to   rise   to  

levels   of   lower   p r e ss u re   and   te m pe r at u re   and   wou ld   c ry st all iz e  

late r   as   intr us ive   g r a n i t e .   H u t c h i n s o n   (1956,   1 9 6 0 b )   expla in ed  

the   f o r m at i on   of   the   E n c h a n t e d   R o c k   b a t h o l i t h   in   Texas   by   this  

m ec h ani sm ,

Ba s i c   fr act i on s   of   the   d i ff e re n t i a t e d   liquid   an d/o r  

u n m e lt e d   ba si c   re f r a c t o r y   m i n e r a l s   f r o m   the   p a r t ia l ly   remelted  

rocks   wo uld   a c c u m u l a t e   at   depth,   and   m i g h t   afford   an   e x p l a n a -

tion   of   the   p o sit iv e   g r a v i t y   an om a l y   that   Qur e s hy   (1958)   found  

over   the   Pikes   Pe ak   b a t h ol i th .

E m p l a c e m e n t   of   the   g r a n i t e .   It   is   be l iev ed   the   gr an i te  

was   em pla ce d   by   fo rc ib le   in t r u s i o n   of   an   u p w a r d - m o v i n g   liquid.  

The   mode   of   or i gi n   p os t ul a te d   above   fits   this   view,   and   the  

st ee pl y   d i pp i n g   pla ty   flow   s tr uc tur e   found   by   H u t c h i n s o n  

(1958b,  1 9 6 0a)   in   the   Pikes   Pe ak   gr an i te   a   few   mi le s   we s t   of  

the   D e v i ls   Head   q u a d r a n g l e   su ppo rt s   the   conclusion.   In   the  

D e v i l s   Head   qua drangle,   plat y   flow   st ru ctu re   is   too   w e a k l y
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de ve l op e d   to   be   d i s t i n g u i s h e d   consistently,   but   in   a   few  

pl ac es   a   more   or   less   ve r ti c al   platy   flow   s tr uc tur e   was   d i s -

cerned  o

G e ne r a l   concordance   of   the   f ol ia ti on   in   the   w a l l   ro c k   to  

the   gra ni te   contact,   p a r t i c u l a r l y   wh er e   the   fol ia ti o n   swings  

sha rp ly   ne a r   the   c on t ac t   to   a   co nf or m ab l e   attitude;   and   b u l g -

ing   outward   of   the   g r an i te   over   the   w a l l   rocks   ( Hutcninson,  

1 9 5 8 b )   are   taken   to   i n di ca te   forcible   in t ru s io n  =   There   is  

n o   e vi de nce   for   b l o c k   foundering,   and   the   g e n e r a l   ab se nc e   of  

x e n o l i t h s   a l o n g   the   contact,   and   w i t h i n   the   bat holith,   is   i n -

c o n s is t en t   w i t h   p i e c e m e a l   stoping.

R o o m   for   i n t r u s i o n   was   ma d e   partly   by   c r o w d i n g   aside   of  

the   w a l l   rocks,   but   mostly,   it   is   believed,   by   up li f t   of   the  

o v e r l y i n g   cover,   w h i c h   has   since   bee n   eroded   away  0

The   g r a n i t e   was   p r o b a b l y   emplaced   in   the   m e s ozone   as  

d e fi ne d   by   B u d d i n g t o n   (1958,   p,  6 7 6)„   The   s tr u c t u r a l   r e l a -

tion sh ips   outl in ed   above   accord   wit h   his   c r i t e r i a „   B u d d i n g -  

ton   (1 9 5 8)   be l i e v e s   mo s t   intrus iv es   in   the   m e s ozone   are   post-  

te ct oni c  „   The   ages   of   just   over   1000   m i l l i o n   years   ( H u t c h i n -

son,   1 9 5 9 a5  G i f fi n   and   Kulp,   i9 6 0)   for   the   Pikes   Peak   granit e  

and   about  1 5 0 0  m i l l i o n   ye a rs   for   the   t e c t o n i s m   in   this   region  

( Giffi n   and   Kulp,   i9 6 0)  show   that   this   is   indeed   the   case   for  

the   Pikes   Pe a k   b a t h o l i t h  »
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Apli te s

Ma ny   apl i te s   are   sc att e re d   t h r o u g h   the   Devil s   Head   q u a d -

rangle,   p a r t i c u l a r l y   In   the   so ut hw es t   c or ne r   wh er e   apllte s   and  

p e g m a t i t e s   are   ab n o r m a l l y   abundant.   This   area   of   hi gh   c o n c e n -

t r a t i o n   of   ap ll tes   and   p e gm a ti t es   extends   south   and   we s t   some  

d i s t a n c e   Into   the   a d j o i n i n g   q u ad ra ng les .

E x c e p t   for   three   large   ap li te   bod i es   I n   s e c ,   16,   T,   9   S«,  

R.  6 9  W .,   the   ap llt es   are   re l at i v e l y   small.   T he y   occ ur   as  

ro un de d   pods   a   few   Inches   to   a   few   feet   in   di am ete rj   as   flat-  

l y i n g   ro d- s ha p ed   bodies,   of   ci rc u la r   or   e l l i p t i c a l   c r o s s - s e c -

tion,   u p   to  5 0  feet   long   and  5  feet   in   diameterj   as   g e n t l y   to  

s t e e p l y   d i p p i n g   lenses   a   few   inches   to   a   few   feet   t h i c k   and  

u p   to   a   few   tens   of   feet   long;   and   in   a   few   cases   as   di st i nc t  

d ik e s   a   f ew   inches   to   a   few   feet   wide   and   up   to   a   few   tens   of  

feet   long.   The   large   ap llt es   are   le n ti c ul a r   bod ie s   up   to   50  

y a r d s   w i d e   and  3 0 0  yar ds   long.

A l t h o u g h   at t it u de s   of   the   apl lt es   are   quite   varied,   there  

is   a   d i s t i n c t   p re v al e n c e   of   n o r t h w e s t e r l y   trends.   If   the  

n o r t h - t r e n d i n g   f aul ts   in   the   a r e a   are   int er pr ete d   as   shears  

r e s u l t i n g   f r o m  a   g e n e r a l l y   n o r t h w e s t - s o u t h e a s t   compression,  

the   n o r t h w e s t   trend   m i g h t   be   e xp l ai n ed   as   due   in ci pi ent   t e n -

s i on   in   a   n o r t h e a s t - s o u t h w e s t   di re cti on.   It   is   felt,   however,  

that   m a n y   of   the   a pl lt e s   formed   w hi le   the   gr an i te   w a s   still  

too   p la st i c   to   t ra ns mit   m u c h   stress,   p a r t i c u l a r l y   in   tension.

The   r e l a t i o n   b e t w e e n   the   ap ll t e s   and   the   e n c l o s i n g   g ra n it e
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is   v a r i e d „   In   plac es   the   contact   b e t w e e n   gr an i t e   and   aplite  

is   s h a r p   and   distinct,   but   m or e   com mo nly   the   conta ct   is   g r a -

d a t i o n a l   over   a   few  i nc h es »   A   n u m b e r   of   apl lt es   have   cores  

of   a p p a r e n t l y  n o r m a l   granite,   or   of   pe gma t i te |   others   have  

p e gm a t i t l e   m a t e r i a l   a l o ng  t h e  wallsj   and   s ti ll   others   see m  

to   be   r a n d o m  m i x t u r e s   of   aplite,   granite,   and   peg matites»

S m a l l   m i a r o l i t i c   c a vi ti es   are   found   in   m an y   of   the   aplltes.

P é t r o g r a p h i e ally,   mos t   of   the   aplltes   are   ho l oe r yst al ll ne,  

e qu igr an ula r,   fi ne-grained,   a l l o t r i o m o r p h i c - g r a n u l a r »   Th ey  

c o ns i s t   of   quartz,   mi cr oe l in e ,   ollgoclase,   and   a cc e ss o ry   blo-  

tite,   mag netite,   allanite,   apatite,   fluorite,   and   zircon.   A  

few   a p ll te s   are   p o rp h yr i ti e ,   wi th   5   to   10   m m   p h e n oc r ys t s   of  

m i c r o e l i n e   in   a  g r o u n d m a s s   of   n o r m a l   aplite.   Most   of   the  

a pl l te s   c o n t a i n   f e w   d a r k  mi ne rals,   but   a   fe w   c on t a i n   five  

pe rc e nt   or   more   bi o ti t e.   In   some   of   the   apl lt es   this   bl ot i te  

oc cu rs   as   thin   l e n t ic u la r   streak s   par a ll e l   to   the   wa lls   of   the  

ap lite.

A   sample   of   b io t i t i c   ap li te   f r o m   the   we s t   f l a n k   of   De vi ls  

He ad   was   anal yz ed   che mi cal ly ;   the   results   are   show n   in   table   3.  

The   n o r m   ca lc u la t ed   f r o m   this   ana ly sis   is   sh own   in   table   4,  

and   the   mod e   of   the   r o c k   in   table   2»

The   ch e m i c a l   a n aly si s   of   th e   aplite   is   qui te   si mi lar   to  

those   of   the   gran it e.   Th is   fact,   a lo n g   w i t h   the   close   and  

varie d   r e l a t i o n s h i p   b e t w e e n   the   granite,   aplite,   and   pegmatite,  

s u gg es t s   that   these   rocks   a l l   cr ys t a ll i ze d   f r o m   the   same   liquid
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and   n e a r l y   c o n t e m p o r a n e o u s l y „   Most   of   the   apllt es   p r ob a bl y  

r e p r e s en t   s eg r e g a t i o n   po ck et s   of   the   last   m a g m a   to   c r y s t a l -

lize,   a l th o ug h   some   m a y   re p r e s e n t   r es i d u a l   m a g m a   injected  

a l o n g   t e n s i o n   frac tur es  »   The   ab un d an c e   of   aplltes   and   p e g m a -

tites   in   the   south we st   c o rne r   of   the   q u ad r an g le   p r ob a bl y   i n d i -

cates   that   the   area   was   one   of   the   last   parts   of   the   b a t h o l i t h  

to   s o l i d i f y , t h e r e b y   p e r m i t t i n g   the   a c c u m u l a t i o n   of   m an y  

p oc k et s   of   r e si d ua l   m a g m a   that   formed   the   aplltes   and   p e g m a -

tites  .

P e gm at ite s

The   pe g ma t i t e s   of   the   Dev i ls   Head   q u a d ra n gl e   are   here  

di vi ded   a r b i t r a r i l y   into   two   classes,   large   and   small.   The  

large   p e gm a ti t es   are   de fi n e d   as   those   large   enou gh   to   have  

b e e n   minedj   a ll   others   are   de fin ed   as   smal l   peg ma ti t es  »   This  

size   d i s t i n c t i o n   hol ds   well,   as   no   unm i ne d   pe g ma t it e   large  

e n ou g h   for   e x p l o i t a t i o n   was   f o u n d .

The   sma ll   pe g m a t i t e s   are   m i n é r a l o g i e all y   simple,   c o n s i s t -

ing   of   quartz,   mi cr oel in e,   a   little   albite,   occ a si o na l   biotite,  

and   in   a   few   cases   trace   a m ou n ts   of   allanite,   samarskite,   and  

f e r g u s o n i t e .   A ve r a g e   g r a i n   size   is   f r o m   2   to   4   i n c h e s .   The  

sizes,   shapes,   att itudes,   distribut io n,   and   pr oba bl e   orig in  

of   the   sma ll   p e g ma t it e s   is   so   similar   to   those   of   the   apllte s  

d e s c ri be d   abo ve   that   these   de sc r ip t io n s   m a y   be   take n   for   the  

sm a l l   pe g m a t i t e s   also.   The   close   r e l a t i o n s h i p   b e t w e e n   granite.
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aplite,   and   p eg m a t i t e   has   be e n   d es cr ib ed   above|   some   of   the  

b o d i e s   could   be   classed   e qu a ll y   w e l l   as   aplit e   or   pe gma ti te  »  

Th e re   are   se v er a l   of   the   large   pe gm a t i t e s   in   the   s o u t h -

e r n   h a l f   of   the   D e v i ls   Head   q u a d r a n g l e .   Five   are   ne ar   the  

D e v i ls   Head   c a m p g r o u n d   in   the   sec.   19,   and   the   s e c .   10,  

T .   9   S . ,   R.  6 9  W.   Tw o   are   close  tog et her   in   the   SE-̂ --sec.   1,

and   the   N E ̂   sec.   12,  T.   9   S . ,   R.  6 9  W.   Others   are   in   the   N W £

aec.   35,   T.   8   S. ,   R.  6 9  W;   the   sec.   18,   T.   9   S. ,  R.   68   W. ;

and   the   N E ̂   s e c . 2 1 ,  T.   9   S. ,   R.  69  W,

A l l   these   pe g ma t i t e s   excep t   the   last   mentioned,   c o mm on ly  

k n o w n   as   the   D e v i l s   Head   pegmatite,   have   be e n   mined   for   f e l d -

spar.   They   are   c ir c u l a r   or   el li p t i c a l   in   plan   and   f r o m  about  

5 0   to  2 5 0  feet   in   g r e a t e s t   dimens io n.   The   largest   pegmatite,  

in   the   N E ̂   s e c .   12,   T.   9   S . ,   R.  6 9  ¥. ,   is   ex po se d   for   60   feet  

v e r t i c a l l y1  the   others,   for   lesser   di st anc es .   In   no   case   has  

m i n i n g   ex po sed   the   b o t t o m   of   the   peg matite.   None   of   the   mines  

h a s   b e e n   ac ti v e   d u r i n g   this   i n v e s t i g a t i o n .

The   co nt a ct s   w i t h   the   n o r m a l   gr a ni t e   in   the   w a ll s   are  

g r a d a t i o n a l   over   a   fe w   i n c h e s .   Little   or   n o   s t r u c t u r a l   o r i e n -

t a t i o n   a pp e ar s   in   the   pegmati te s,   and   zo n in g   is   w e a k   or   a b s e n t .  

The   m i n e r a l s   of   the   pe g m a t i t e s   com pr ise   q u a r t z ,   microel in e,  

albite,   and   a   little   b i o ti t e;   n o   fluorite,   topaz,   or   ra re- e a rt h  

or   r a d i o a c t i v e   m i n e r a l s   w e r e   found.   F e l d s p a r   cry sta ls   in   the  

p e g m a t i t e s   range   u p   to   abou t   two   feet   a c r o s s .   Large   ir reg u la r  

pod s   of   qu ar t z   are   sca tt er e d   through   the   fe l d s p a r   so   that   muc h
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hand   cobb  ing   was   re q ui r ed   for   m i n i n g .

T h e   e l l i p t i c a l   plans,   the   g r a d a t i o n a l   walls,   and   the  

l a c k   of   s t r u c t u r a l   or i en t a t i o n   suggest   that   these   pe gma t i te s  

o r i g i n a t e d   as   se g r e g a t i o n   poc kets   of   r e s id u al   magma,   rather  

t h a n   as   dikes   of   inject ed   m a g m a „   Th ey   are   pro b ab l y   c o n t e m -

p o r a n e o u s   w i t h   the   sm al l   p e g ma t it e s   and   the   a p l i t e s „

The   D e v i l s   Head   p e g m at i te   has   be en   of te n   m e n t i on e d   in   the  

l i te r a t u r e   ( R.   T.   Cross,  1 8 8 3j W h i t m a n   Cross,   1 8 8 4 |   B a k i n s ,  

1 8 8 6 j   Hanley,   Heinrich,   and   Page,   1 9 5 01  Hillebrand,   l888j  

Landes,   19352   Peacock,   19352   Pearl,   1941,   19512   Smith,  1 8 8 5,  

1 8 8 7)   a lt h o u g h   u s u a l l y   for   the   mi ne r al s   that   occurred   there  

r a th er   than   to   d e sc r ib e   the   p eg m at i te  »   The   pe gm a t it e   has   be e n  

c o m p l e t e l y   mi ne d   out   and   none   of   the   ro c k   is   n o w   in   p l a c e ,

A l l   that   is   n o w   left   is   a   s ha l l o w   op en- cu t   about   8 0   feet   long  

and   10   feet   w id e  »

A c c o r d i n g   to   Sm ith   (1 8 8 5)   the   pe g ma t it e   was   a   large  

m i a r o l i t i c   c a vi t y   abo ut  5 0  feet   long,   2   to   15   feet   wi d e   and  

4   feet   deep.   It   c on ta in ed   n ot a bl e   topaz   crystal s   a l o n g   w i t h  

quartz,   mi cr oe l in e ,   albite,   muscov it e?,   cassiterite,   goethite,  

allanite,   fluorite,   and   k a o l i n i t e ,   Manganite,   gadolin it e,  

samarskite,   and   h em a t i t e   have   al so   b e e n   f o u n d .   A c c o r d i n g   to  

P e a c o c k   (1935),   there   was   a   series   of   poc kets   or   m i a r o l i t i c  

c a v i ti e s   al o n g   the   p e g m a t i t e ,

The   rem nan ts   of   the   d e po s it   are   n o w   held   as   m i n i n g   claims  

b y   the   C o l o r a d o   M i n e r a l   So c ie t y   to   p re se rve   it   for   m i n e r a l
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c o l l e c t o r s .

An d és i te   D ik es

A   series   of   a n dé si t e   dik es   wa s   found   in   the   De v i ls   Head  

q u ad r an g le ,   sc at t er e d   at   in ter val s   a l o n g   the   Pine   Cr e e k - B e a r  

C r e e k   fault   f r o m   the   s o u t h e r n   par t   of   s e c ,   16,   T.   8   S .,   R.  6 9  W e,  

to   the   m i d d l e   of   sec.  9,   T.   8   S. ,   R„  6 9  W . ,   and   a lo n g   the  

J a c k s o n   C r e e k - S o u t h   Gar b er   C r e e k  fa ult   f r o m  the   m i d d l e   of  

sec.  13,   T.   9   S. ,   R.   68   W. ,   to   the   m i d d l e   of   s e c .   18,   T.   8   S. ,

R.   68  W.

I n d i v i d u a l   dikes   rang e   in  w i d t h   f r o m   a   few   inches   to  

a b o u t   20   feet,   and   in   the   expose d   lengt h   f r o m   a   few   feet   to  

pe rh a ps   1000   f e e t .   A l l   the   dikes   are   covered   by   so il   or   slope  

w a s h   at   the ir   ends,   so   the   true   lengths   cannot   be   d e t e r m i n e d .

D i p s   are   steep,   r a n g i n g   f r o m   v e r t i c a l   to   about   60°W.   Ne a r   the  

n o r t h   edge   of   sec.   16,   T.   8   N»,   R.  6 9  W. ,   al on g   C o l o r a d o   H i g h -

w a y  6 7,   a   q u a r t z i t e   dike   has   b e e n   intruded   by   one   of   these  

a n d é s i t e   dikes.   N a r r o w   ch il l   bo r der s   m a y   be   seen   on   some   of  

the   d i k e s .   \

The   r o c k   of   the   dik es   is   d a r k   g r ee n   to   black,   h o l o c r y s t a l -  

line,   a p h an i ti c   to   p o r p h y r i t i e   ap h an i ti c   wi th   a   g e n e r a l l y   sub-  

o p h i t i c   t e x t u r e „   The   m i n e r a l s   comp ri se   subhedral,   tabula r  

a n d e s i n e   that   ra ng es   in   c o m p o s i t i o n   f r o m   A n ̂    to   An^ g   in   d i f -

f e r e n t   dikesj   s u b h e d r a l   augitej   a n h e d r a l   to   s u b h ed r al   olivine;  

a c c e s s o r y   s u b h e d r a l   to   a n h e d r a l   biotite,   m a g n e t i t e   and   s p h e n e ;
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and   a c c e s s o r y   e u h e d r a l   ap at it e   and   z i r c o n6  The   olivine   and  

b i o t i t e   ha ve   b e e n   p a r t i a l l y   chl or i ti z ed   and   t h e a u g i t e   has  

b e e n  u r a l i t i z e d   and   c h l o ri t iz e d  »   M a g n e t i t e   is   alt er ed   to  

h e m a t i t e   and   limonite,   and   the   p l ag i oc l as e   is   st r ong ly   s e r i -

ci tiz ed  »

The   p o r p h y r i t i e   phas es   of   the   r o c k   con t ai n   l/l6-   to   1/4-  

ine h   ph e n o c r y s t s   of   an d e s i n e   in   an   ap h a n i t i c   gr o u n d m a s s   of  

p l a g i o c l a s e   and   m a fic   m i n e r a l s .   Near   the   wa ll s   of   the   dikes  

the   ta bu l ar   p h e n o c r y s t s   tend   to   be   orie nt ed   p a ra l l e l   to   the  

w a l l s .

The   di kes   w e r e   i nt ru ded   al on g   old   fault   zones,   pr o b a b l y  

d u r i n g   ren ewed   m o v e m e n t .   No   dikes   we r e   found   i n t r u d i n g   e it he r  

the   s e d i m e n t a r y   or   the   m e t a m o r p h i c   rocks   in   the   Devils   Head  

area,   b ut   P e t e r s o n   and   Sc o tt   ( i9 6 0)   rep orted   sim i la r   dikes   in  

the   m e t a m o r p h i c   rocks   of   the   Platte   C a ny on   and   K a s s l e r   q u a d -

r a n g l e s  ,   The   a n d é s i t e   d i kes   are   later   than   the   s an ds to ne  

d i k e s   of   p ro b a b l e   U p p e r   C a m b r i a n   age,   and   ea rl i e r   than   the  

l a t e s t   f a u l t i n g   in   the   area,   be ca u se   some   of   the   dikes   are  

cut   by   f a u l t s „   The   dikes   are   inferred   to   be   of   T e r t ia r y   age  

b y   a n a l o g y   w i t h   the   an d e s i t i c   rocks   of   the   D e n v e r   B a s i n .   The  

d i k e s   m a y   co rr e la t e   w i t h   the   B u f f a l o   Peaks   a n dé si t e   in   the  

S o u t h   P ar k   a r e a   ( Could,   1935,   p.   972) •

A l t h o u g h   the   w r i t e r   found   d is c o n t i n u o u s   outcrops   of   the  

dikes,   in   places   an   e c h e l o n ,   al on g   the   Ja c kso n   Cr e ek - S o u t h  

Ga r b e r   C r e e k   fault   zone,   R.   F.   B u b l i t z   ( oral   co mm u ni c at i on )
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fou nd   an   a p p a r e n t l y   c on t in u o u s   zone   of   hi gh   m a g n e t i s m   t h r o u g h -

out   m u c h   of   the   length   of   the   fault  «   It   is   inf er red   that   the  

sc at t er e d   su rf a ce   ou t cro ps   rep resent   high   point s   on   a   dike  

that   is   c on t inu ou s   at   depth.   If   it   is   sur mised   that   the   dikes  

are   fed   b y   a   large   ma s s   of   m af i c   ro c k   at   depth,   a   lo gi c a l   e x -

p l a n a t i o n   is   a f f or d ed   for   the   pos it ive   g r a v i t y   found   by   Q ur e sh y

(1 9 5 8)   in   this   region.
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F e l d s p a r   Studies

An   i n v e s t i g a t i o n   of   fe ld s pa r s   fr o m   the   gr a nit es   of   the  

D e v i l s   Head   q ua d ra n g l e   w a s   u n d e r t a k e n   to   d e ve l o p   m or e   pe tr olo gi c  

i n f o r m a t i o n   abou t   the   g ra n i t e   and   pegmatites.   In   recen t   years  

m a n y   t ec hni qu es   for   stu d yi n g   f e ld s pa r s   have   b ee n   emp lo yed  %  

c h e m i c a l   and   k ine ti c   stu dies   ( Bowen   and   Tuttle,   1 9 5 0 j   Goldsmith,  

1952;   Laves,   1952;   M c C o n n e l l   and   McKie,   I960;   Schairer,   1950;  

T u t t l e   and   Bowen,   1958);   X - r a y   po w d er   m et h od s   ( MacKenzie,   1957;  

Orville,  1 9 6O;   S m i t h   and   Yoder,   1956;   Smith,   1956;   T u t tl e   and  

B ow en,   1950);   X - r a y   s i n g l e - c r y s t a l   me t h o d s   ( Cole   and   others,

1949,   1 9 5 15  Ferguson,   Traill,   and   Taylor,   1958;   Gay,   1956;

Laves,   1950;   Laves   and   Chaisson,   1950;   M a c K e nz i e   and   Smith,   1955,  

1956;   Megaw,   1959;   S mi th   and   M a c K e n z i e ,   1955);   op ti c a l   me th od s  

( Foster,   1955;   Laves   and   Chaisson,   1950;   M a c K e n z i e   and   Smith,  

1956;   T u t t l e   and   Bowen,   1950);   infrared   s p e c t r o s c o p y   ( T ho mps on  

and   Wad s wo r th ,   1957) .   F r o m   the   varied,   and   somet im es   c o n f l i c t -

ing,   da t a   rep or ted   by   va rio us   workers,   it   is   a p p a re n t   that   the  

f e l d s p ar s   are   still   po or ly   k n o w n .   B e c a u s e   of   limited   time   and  

fac ilities,   the   w r i t e r ! s   i n v e s t i g a t i o n   was   con fi ned   to   a   r e c o n -

n a i s s a n c e   stu dy   of   a   few   fe l ds p ar s   by   X - ra y   pow d er   m e t h o d s .

It   w as   felt   that   this   r e c o n n a i s s a n c e   study   mi g h t   yield   some  

u s a b l e   da t a   in   a d d i t i o n   to   p o i n t i n g   the   w a y   for   f ur t he r   work.

E i g h t   sampl es   we r e   s e l e c t e d .   S i x   of   these   we r e   of   m i c r o -  

c l ine   f r o m  granite,   sel ect ed   for   bo th   c o m p o s i t i o n a l   and
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g e o g r a p h i c a l   dif fer en ces ,   and   the   other   two   we r e   an   albite   and  

a   m i c r o e l i n e   f r o m   the   C o l o r a d o   M in e ra l   S o c i e t y   pe g ma t it e   at  

D e v i l s   H e a d .   The   p eg m at i t i c   m i c r o e l i n e   was   part   of   a   larger  

crystalj   the   a lb it e   w as   part   of   a  blad ed   ma s s   of   e l e a v e l a n d ! t e „  

The   m i c r o e l i n e   f r o m   the   g r an i te s   was   obta in ed   by   hand   pi ck i ng  

u n d e r   a   lens   f r o m   r o c k   crushed   to   minus   35   m e s h  «   The   selecte d  

samples,   7   to   10   grams   each,   w e r e   p u lv er i ze d   to   abou t   mi nu s   200  

m e s h   in   a  B r a u n   p u l v e r i z e r   equi pp ed   wi t h   a l u m i n a   ceramic   p l a t e s .  

A   1 - g r a m   cut   was   take n   f r o m   e ac h   sample   for   X - r a y   study,   and  

the   rest   w as   su bm it t ed   for   c h e mi c al   a n a l y s i s .   C h e m i c a l   a n a l -

yses,   p e r fo r me d   b y   M r .   G.   E«   M a n n i n g   u n d e r   the   d i r e c t i o n   of  

Dr.   R.   E.   B i s q u e   of   the   C h e m i s t r y   De p ar t me n t,   C o l o r a d o   S c h o o l  

of   Mines,   are   s ho w n   in   table

X - r a y   s p e c i m e n s   w e r e   pr ep are d   by   g r i n d i n g   to   -323   m e s h   in  

a n   a g at e   mortar,   m i x i n g   some   of   the   p o w de r   w i t h   "Duco"   cement  

to   f o r m   a   paste,   and   ro l l i n g   b e t w e e n   two   glass   plate s   in   a   jig  

to   gi ve   a   spi nd le   0. 01 0   inches   in   d i a m e t e r .   The   spindle   was  

mo un t ed   in   a   p o w d e r   c a m e r a   1 14 . 39   m i l l i m e t e r s   in   diameter,   and  

the   d i f f r a c t i o n   p a t t e r n   r e co rd ed   on   f i l m  u s i n g   co p pe r   K #  

ra d ia t io n .   For   ea ch   sampl e   a   second   sp in d le   wa s   made,   w i t h  

p o t a s s i u m  brornate   added   as   an   i n t er n al   s t a n d a r d ,   as   r e c o m -

m e n d e d   b y   Or vil le   ( i9 6 0).

The   al b it e   d i f f r a c t i o n   pa tt e r n   could   be   indexed   by   u s i n g  

the   i n f o r m a t i o n   in   the   A S T M   Po wd er   D a t a   File,   but   the   file  

c o nt a in e d   no   ind e xe d   p a t t e r n   for   m i c r oe l in e .   No   indexed
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p a t t e r n   for   mlcrocJLlne   wa s   found   in   the   liter atu re  »   The   m i c r o -  

cline   p a t t e r n   wa s   indexed   b y   c a l c u l a t i n g   the   d- s pa c in g s   for  

al l   po s sib le   ind ic es   on   a   m i c r o e l i n e   f r o m   Pikes   Peakj   the   l a t -

tice   p a r am e te r s   for   this   c a l c u l a t i o n  w e r e   obtained   f r o m   card  

n u m b e r   2-25 3   of   the   A S T M  P o w de r   D a t a   P i l e .   The   ca lc ul at ion s  

w e r e   ma de   on   an   L G P - 3 0   e l ec t ro n ic   d i g i t a l   co mpu te r   f r o m   a  

p r o g r a m  de ve l op e d   by   the   w r i t e r   u s i n g   the   Act   I   Com pi le r   s y s -

t e m   ( Boswell,  1 9 5 9) »

Line   po s it i on s   on   the   d i f f r a c t i o n   p at te rn s   could   be  

m e a s u r e d   w i t h   a   p r e c i s i o n   of   about   0. 1   mm,   w h i c h   co rr es po nds  

to   a   p r e c i s i o n   in   c al c ula te d   d- s p a c i n g s   of   about  0 . 0 1 9  8   for  

the   2 01   re f le c ti o n.   A l t h o u g h   not   good   e n ou gh   for   acc ura te  

d e t e r m i n a t i o n s   of   c o m p o s i t i o n   a ft e r   B o w e n   and   Tuttl e   (1950,  

p.   493)   or   Orv il le   ( i9 6 0),   the   p r e c i s i o n   is   good   enough   that  

c h e m i c a l   v ar i at i o n s   as   g r e a t   as   i n dic at ed   by   the   analyses  

( table   5)   should   be   det ected.

The   value s   of   d - s p a c i n g   for   the  Ë 0 1   planes   of   eac h   of  

the   eight   f e l d s pa r s   are   show n   in   table   f?.   Ea c h   listed   valu e  

is   the   av er a ge   of   two   d e t e r m i n a t i o n s   on   di f fe r en t   pattern s  

f r o m   the   same   s a m p l e ,   In   a l l   cases   the   d if f er e nc e   b e t w e e n  

the   two   pa tt e rn s   w a s   less   than   m ig ht   be   ex p ect ed   fr o m   the  

p r e c i s i o n   of   m e a s u r e m e n t .

W i t h i n   the   limit   of   p r e c i s i o n   of   me as ure me nt ,   the  

d - s p a c i n g s   for   the   m i c r o c l i n e s   is   the   same,   re ga rdl es s   of   the  

c h e m i c a l   a n a l y s i s .   In   eac h   p a t t e r n   of   m i c r o e l i n e   f ro m  gr an i t e
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however,   there   ap pea rs   nex t   to   the   111   line   of   m i c r o e l i n e   a  

faint   e x t r a   line   that   c or r es p on d s   to   the   201   line   of   a l b i t e .

Thi s   line   does   not   a p p ea r   in   the   pat te rns   of   the   peg ma t it i c  

m i c r o e l i n e •   In   thi n   sect io ns   of   the   granite,   m u c h   of   the   m i c r o -  

cline   is   p e r t h i t i c .

It   app ea rs   obvious,   therefore,   that   the   " m i c r o c l i n e s ”  

f r o m   the   gr a n i t e   consist   of   two   phases,   m i c r o e l i n e   and   al bi te  «  

The   m i c r o e l i n e   pha se   has   es s e n t i a l l y   the   same   c o m p o s i t i o n   in  

a ll   samples,   and   p r e s u m a b l y   the   a lb it e   phase   does   lik ewise  »

Th e   d i f f e r e n c e s   in   analyses,   therefore,   are   pr o b a b l y   due   to   the  

r e l a t i v e   a m ou n ts   of   exs o lv e d   albite   w i t h i n   the   m i c r o e l i n e  »

T h i s   c o n c l u s i o n   could   not   be   checked   by   the   m i c r o sc o pe .   The  

t o tal   v a r i a t i o n   in   o r t h o c l a s e / p l a g i o c l a s e   ra ti o   is   not   great,  

and   the   v a r i a t i o n   in   p e r t hi t ic   texture   f r o m  g r a i n   to   g ra i n  

e v e n   w i t h i n   the   same   thin   se ct i o n   is   so   g re at   that   s u f fi c ie n tl y  

e x t e n s i v e   and   ac c u r a t e   m e a s u r e m e n t s   to   c h e c k   the   co nc l u s i o n  

are   impr ac tic al .

Pr es uma bl y,   if   the   p e r t h it i c   m i c r o e l i n e   w e r e   ho mo ge ni zed  

by   h e a t i n g   pr io r   to   ta ki ng   the   d i f f r a c t i o n   pattern,   the   201  

s p a c i n g   would   vary   w i t h   the   a na ly sis   ( and   c o m p o s i t i o n ) ,   but   as  

po in t ed   out   b y   T ut t l e   and   B o w e n   (1958,   p.   11)   such   h o m o g e n i z a -

ti on   m a y   take   s ev e r a l   w e e k s   at   1 0 5 0 ° C .   F a c i l i t i e s   for   such  

t r e a t m e n t   we re   not   a v a i l a b l e   to   the   write r.   Sa m pl e s   of   the  

a l b i t e   and   the   p e gm a t i t i c   m i c r o e l i n e   we r e   heate d   for   two   days  

at   1 050 ° C   and   air   q u e n c h e d .   T h e i r   d i f f r a c t i o n   pa tt er ns   showed
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n o   s i g ni f ic a nt   ch ang es   f r o m   those   of   un h e a t e d   s a m p l e s „

The   pr es e n t   study   shows   that   the   fe lds pa rs   of   the   granit e  

u nm i x e d   a f te r   c r y s t a l l i z a t i o n  »   The   u n i f o r m   values   of   d- spa c ln i  

of   the   201   p la nes   of   the   m i c r o c l i n e s   Indi ca te   that   the   m i c r o -  

cline   phas e   in   the   g r a n i t e s   are   similar,   and   pr o b ab l y   are  

close   to   the   c o m p o s i t i o n   of   the   pe gm ati ti c   mic ro el i ne .   The  

stu di es   of   B o w e n   and   T ut tle   ( 1950)   indicate   that   if   the   u n -

m i xe d   f e l d s p a r s   have   si m ila r   compositions,   they   p r o b ab l y   u n -

mi xed   at   si mi l a r   t e m p e r a t u r e s .   The   final   u n m i x i n g   tem pe rat ur e  

mu s t   have   b e e n   r el a t i v e l y   low,   b e ca u se   the   pe gma ti ti c   m i c r o -  

cline   is   green j   g r e e n   m i c r o e l i n e   pr o ba b ly   cannot   f o r m   above  

2 7 0 ° C   ( Oftedal,   1957).

It   is   likely   that   fu rt h e r   X- r ay   studi es   of   the   feldspars,  

u s i n g   a   d i f f r a c t o m e t e r   and   a   set   of   stand ar ds   to   d e ter mi ne  

a c c u r a t e l y   the   c o m p o s i t i o n s   and   rel at i ve   amo un ts   of   the   d i f -

fe re nt   phases,   w o u ld   yie l d   p e t r o l o g i c a l l y   si gn i fi c an t   i n f o r m a -

tion.   S i n g l e - c r y s t a l   st udi es   a l o n g   the   lines   of   M a c K en z ie   and  

S m i t h   (1955,  1 9 5 6)   al s o   a p p e a r   promi si ng.   However,   such   s t u d -

ies,   m a j o r   pr o b l e m s   in   themselves,   could   not   be   consid er ed  

for   this   in ve s ti g at i on .
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S T R U C T U R A L   GE OL OG Y

R e g i o n a l   Se tt in g  

The   D e v i l s   Head   qu a d r a n g l e   is   in   the   t r an s it i on   zone  

b e t w e e n   the   D e n v e r   B a s i n   and   the   Front   Ran ge   massif,   the   two  

d o m i n a t i n g   s t r u c t u r a l   u n i t s   of   c ent ra l   Colorado.

The   D e n v e r   B a s i n   is   a   large   asy m me t ri c   s yn cl ine   w i t h   a  

st ee p ly   d i p p i n g   west   limb   and   a   more   g e n t l y   d i p p i n g   east   l i m b .  

Its   axis   trends   n o r t h w e s t   f r o m   s o ut h e a s t e r n   C o l o r a d o   to   D e n -

ver   and   thence   curves   to   the   nor th ea st   ( Plate   4) 0  The   axis  

pl un g e s   f ro m   bo t h   d i r e c t i o n s   toward   Denver,   b e n e a t h   w h i c h   lies  

the   d e e p e s t   part   of   the   basin.

A l t h o u g h   s e d i m e n t a t i o n   in   the   D e n v e r   B a s i n   b e g a n   in   E a r l y  

P a l e o z oi c   time,   the   m a j o r   s t r u ct u ra l   de v el o p m e n t   is   of   Late  

C r e t a c e o u s   age.   Of   some   15 , 0 00   feet   of   s e d i m e n t a r y   rocks   in  

the   D e n v e r   Basin,   mo r e   than   10 , 00 0   feet   we re   d e p o s i te d   d u r i n g  

the   Late   C r e t a c e o u s   p e r i o d .

The   F r o n t   R an g e   m a s s i f   is   a   large   b l o c k   of   p r e d o m i n a n t l y  

P r e c a m b r i a n   rocks   b ou n de d   on   the   east   and   we s t   by   thru st   faults  

( Badgley,   i9 6 0,   p.  1 6 5)•   The   bo u n d a r y   b e t w e e n   the   Front   Ra ng e

8 ?
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and   the   De n ve r   B a s i n   is   a   ste ep   m o n o e l i n a l   fold,   b r o k e n   by  

t h r u s t i n g   a lo ng   the   G o I d e n -Ra mpart   Ra ng e   fault   s y s t e m   and   by  

tr a ns v er s e   n o r m a l   faults*

W i t h i n   the   Fron t   R a n g e ,   fo l i at i on   pa tt er ns   and   intrusive  

b o d i e s   outline   two   f o l i a t i o n   salients   that   f o r m  an   arcuate  

j u nc t i o n   w i t h   a c c o m p a n y i n g   shear   zones   ( B a d g l e y ,   i9 6 0,   p,  1 6 5).  

B a d g l e y   ( p.   166)   be l i e v e s   the   f o l i a t io n   p at te rns   result   f r o m  

E a r l y   P r e c a m b r i a n   c o m pr es s iv e   f o ld i ng   ac co m pa n ie d   by   syntec-  

tonic   ca t a z o n a l   i n t r u s i o n   of   K e n o s h a   and   B o u l d e r   C r e e k   p l u t o n s .  

P o st - t e c t o n i c   i nt r us i on   of   Pikes   Pea k   and   S i l v e r   Plume   g r a n -

ites   p r o b a b l y   occurr ed   in   the   m e s ozone  *

A   second   perio d   of   c o m p r e s s i o n   caused   ca ta cl a st i c   d e f o r m -

a t i o n   as   w e l l   as   folding*   Fa ul ts   deve lo ped   in   the   gra ni tes  

and   m e t a m o r p h i c   rocks,   and   a   p at te r n   of   l i ne at ion s   was   s u p e r -

imposed   on   that   dev el op e d   ear l ie r   ( Harr is on   and   Wells,   1956,  

1959s   Sims   and   others,   1955,   1058),

E a r l y   Pa l eo z oi c   faulting,   pro b ab l y   largel y   a lo n g   ea r lie r  

P r e c a m b r i a n   fault   lines,   res ulted   in   the   f o r m a t i o n   of   the  

sa nd st o ne   d i k e s .

Igneous   a c t i vi t y   d u r i n g   Te r t i a r y   t i m e   resu lt ed   in   the  

e m p l a c i n g   of   dikes,   plugs,   and   stocks,   and   the   a c c u m u l a t i o n  

of   vo lc a ni c   rocks   in   a   n u m b e r   of   a r e a s .   In   the   De vi ls   Head  

area,   the   dikes   la rg el y   fol low ed   ear l ie r   faults  »

S t r o n g   ea st - we s t   c o m p r e s s i o n   devel ope d   thrust   faults   on  

the   east   and   w e s t   sides   of   the   Front   Ra ng e   massif,   as   w e l l   as
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c o n j u ga t e   shears   w i t h i n   the   block.   The   hig h   angle   of   the  

th ru s t s   in  m an y   pl ac es   i nd ica te s   a   pr on oun ce d   v e r t i c a l   c o m -

po ne n t   a lo n g   with   the   ea s t- w e st   compression.   Ma n y   of   the  

L a r a mi d e   faults   re pre s en t   renewe d   m ov e m e n t   a l o n g   e a rl i er  

faults,   some   of   t h e m   d a t i n g   b a c k   to   P r e c a m b r i a n .   N o r t h e a s t -  

tr en di n g   n o r m a l   faults   in   the   Devils   Head   a r e a   p r ob ab l y   r e p r e -

sent   m o v e m e n t   in   the   n o r t h e a s t   shear   di r e c t i o n   me n t i o n e d   by  

L o v e r i n g   and   Goddar d   (1950,   p.   58).

R e g i o n a l   u p l i f t   and   e r o s i o n   subse qu ent   to   the   L a r a m i de  

d e f o r m a t i o n   have   re su l te d   in   the   prese nt   p h y s i o gr ap h ic   d e v e l -

op men t   of   the   region.

L o cal   S t ru c tu r e  

Loc al   st r u c t u r a l   fe at ure s   in   the   Devil s   Head   a r e a   inc lude  

f o l i a t i o n   and   li ne a ti o n   w i t h i n   the   m e t a m o r p h i c   rooks;   the  

c on t ac t   b e t w e e n   the   gr a nit e   and   the   m e t a m o r p h i c   w a l l   rocks;  

s e v e r a l   p r o m in e nt   n o r t h - t r e n d i n g   faults   in   the   gran it e;   stee p  

m o n o e l i n a l   f o ld i ng   and   h i g h - a n g l e   reverse   f a u lt i ng   or   t h r u s t -

ing   a lo ng   the   b o u n d a r y   b e t w e e n   the   Fro n t   R an g e   and   the   De nv er  

B a s i n ;   a   series   of   n o r t h e a s t - t r e n d i n g   cross   faults   in   this  

b o u n d a r y   zone;   and   an   a re a - w i d e   joint   s y s t e m  w i t h i n   the   g r a n -

ite  .

F o l i a t i o n   and   li ne a ti o n   in   m e t a m o r p h i c   rocks

S t r u c t u r e s   w i t h i n   the   m e ta m o r p h i c   rocks   wer e   not   studied  

in   detail,   be ca u s e   the   ar e a   of   m e t a m o r p h i c   rocks   in   the   De vi ls
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Head   q u a d r a n g l e   is   small   and   po or l y   expos ed   and   be c au s e   the  

rocks   in   the   K a s s l e r   qu a d r a n g l e   have   a lr ea dy   be e n   ma p pe d   by  

G l e n n   R.   Sco t t   of   the   U.   S.   G e o l o g i c a l   S ur vey   ( p ub lic a ti o n   in  

p r e p a r a t i o n ) „   O b s e r v at i on s   we r e   made   on   the   w a l l   rocks   near  

the   gra n it e   co ntact   in   the   Ka s s l e r   q u a d r a n g l e ,

S tr ike   and   dip   of   f o l i a t i o n   w i t h i n   the   m e t a m o r p h i c   rocks  

varies   m a r k e d l y   w i t h i n   short   distances,   so me tim es   a   few   feet,  

b e c a u s e   of   the   ma ny   m i n o r   w a rps   and   folds   w i t h i n   the   r p c k s .  

T h er e   is   a   d i s t i n c t   p re dom in anc e,   however,   of   w e s t - n o r t h w e s t -

er ly   strikes   and   n o r t h e r l y   dips   of   the   order   of  6 0  d e g r e e s .  

Si mi larly,   lineations,   rep re se n te d   by   m i n e r a l   streaks,   drag  

fold   axes   and   c ri nk les   in   f o l i a t i o n   planes,   vary   in   a tt it ude  

but   show   an   o ve ra ll   ge n tl e   to   m o d e r a t e   p it ch   to   the   east  

n or the as t.

The   f o l i a t i o n   in   the   m e t a m o r p h i c   r oc k   is   bel i ev e d   to   be  

p a r a l l e l   to   the   o r i g i n a l   se d i m e n t a r y   b e d d i n g   ( l ov eri ng   and  

Goddard,   1950,   p.   20),   and   the   lin e at i on s   are   be li ev e d   to   be  

p a r a l l e l   to   fold   a x e s .   The   m e t a m o r p h i c   rocks   then   repr ese nt  

the   so u th e rn   limb   of   a   sync li ne   that   plu ng es   to   the   east  

n o r t h e a s t .

G r a n i t e - m e t a m o r p h i c   ro c k   con ta ct

Only   about   ha l f   a   mil e   of   the   co nta ct   b e t w e e n   the   Pikes  

P e a k   gra n it e   and   the   Idaho   Sp ri n g s   m e t a m o r p h i c   rocks   is   in  

the   D e v i l s   Head   quadran gl e,   in   sec.   9;   T .  8  S. ,   R .  6 9  W.   In
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that   se ct ion   the   contac t   is   offset   l e f t - la te r al l y   by   fa u lt i ng  

and   ext en ds   ea st w ar d   thr ough   the   sout he rn   part   of   the   Ka s s l e r  

q u a d r a n g l e ,   That   part   of   the   Ka s s l e r   qu ad r an g le   was   t h e r e -

fore   included   in   this   study  »

In   no   place   was   the   a c t u a l   contact   surfac e   o b s e r v e d .  

Instead,   the   con ta ct   was   m a p p e d . b y   d e t e r m i n i n g   the   n o r t h e r n -

m o s t   outc ro ps   of   g ra n i t e   and   the   so ut her n mo s t   outcro ps   of   m e t a -

m o r p h i c   rocks   and   by   lo ca tin g   the   conta ct   b e t w e e n   them.   In  

mo s t   place s   this   p ro c e d u r e   resulted   in   an   u n c e r t a i n t y   of  5 0  

to   100   y a r d s ,   In   a   few   p la ces   the   co nt act   could   be   located  

w i t h i n   10   y a r ds  e

The   a t ti t ud e   and   na tu re   of   the   contact   m u s t   be   inferred  6  

In   sec  «   2,   T,   8   S. ,   R.  6 9  W«,   and   eastward,   the   f o l i a t i o n   in  

the   m e t a m o r p h i c   rocks   st rikes   g e n e r al l y   p a r al l el   to   the   trend  

of   the   conta ct   and   dips   n o r t h w a r d   at   an   av er a ge   value   of   about  

6 0   d e g r e e s ,   The   co nt a ct   in   this   ar e a   is   p r ob a bl y   co n co rd an t  

w i t h   a   sim i la r   n o r t h e r l y   dip.   A lo n g   the   w e s t e r n   part   of   the  

contact,   however,   the   f o l i a t i o n   of   the   m e t a m o r p h i c   rocks   a p -

pe ars   in   places  to   dip   toward   the   con ta ct   and   to   stike   at   large  

a n gle s   to   the   trend   of   the   contact .   E i t h e r   the   c on t ac t   is  

l o c a l l y   d i s c o n f o r m a b l e   there   or   the   f o l i a ti o n   of   the   m e t a m o r -

phi c   rocks   swings   sh ar pl y   to   a   co nf or m ab l e   a t t it u de   in   the  

c ov ere d   i n t e rv a l   n e a r   the   c o n t a c t .

C o n c o r d a n t   and   d i s c o r d a n t   lenses   of   granite,   r an g in g   in  

size   f r o m   a   few   m i l l i m e t e r s   to   several   feet   in   thickness.
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occu r   w i t h i n   the   w a l l   rocks   n e a r   the   c o n t a c t •   In   places   the  

g r a n i t i c   m a t e r i a l   c om pr ise s   f u ll y   ha lf   the   mass   of   the   rock,  

f o rm i n g   In j ec t io n   g n e i s s e s   and   m i g m a t l t e s .   The   p r o p o r t i o n   of  

g r a n i t i c   m a t e r i a l   de c re a se s   no rth w ar d   f r o m   the   contact|   but  

a c c o r d i n g   to   Scott   ( oral   c o m m u n i c a t i o n ) ,   gran it ic   lenses   and  

d ik e s   m a y   be   found   se ver al   thousand   feet   n or t h   of   the   contact.  

He   al s o   found   the   n o r t h e r l y   ex t en t   of   g r an it ic   lenses   dec rea se d  

f r o m  w e s t   to   east   a l ong   the   contact.   This   o b s er v at i on   may  

impl y   that   the   n o r t h e r l y   di p   of   the   contact   in creases   fr om  

w e s t   to   east.

S h e a r i n g   in   the   g r an i te   at   the   conta ct   in   Ej,   sec.   1,

T.   8   S e,   Ro  6 9  W 0,   and   sh al lo w   gu ll ie s   al on g   the   con tact   in  

p l a c e s   in di ca te   p o ss ib l e   local   fa ul tin g   a l on g   the   contactj  

e x ce pt   in   sec.   9»,   T.   8   S. ,   R.  6 9  W. ,   wh er e   a   m a j or   fault   has  

o ff s e t   the   contact,   f a u l t i n g   at   the   conta ct   ap pe a r s   to   be   u n -

im p o r t a n t  e

The re   is   a l mos t   a   comp le te   abs en ce   of   x en o li t hs   in   the  

gr a ni t e,   b o t h   a l o n g   the   con tact   and   w i t h i n   the   body   of   the  

b a t h o l i t h ,   No   d i s c e r n a b l e   change   of   g r a i n   size   or   other   t e x -

tures   w a s   note d   in   the   g r an i t e   nea r   the   contact,   a l t h o u g h   a  

c hi l l   b o r d e r   m i g h t   be   p r es e n t   in   the   concealed   zone   right   at  

the   c o n t a c t .   Dr.   Got th ard   K r aus   ( oral   c o m m u n i c a t i o n )   found  

a   d e cr ea s e   in   the   size   of   qu ar t z   and   ac ce s so r y   m i n e r a l   g r a i n s ,  

t h o u g h   not   in   the   feldspars,   w i t h i n   a   few   hun d re d   feet   of   the  

w e s t e r n   edge   of   the   Pikes   Pe ak   gr an ite   ne a r   Lake   George,
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Colorado,

A b se n c e   of   xe n o l i t h s   is   ev id enc e   ag ai ns t   e m p la c em e nt   of  

the   b a t h o l i t h   b y   p i e c e m e a l   stoping.   B u d d i n g t o n   (1959,   p.   736)  

sugg es ts   b l o c k   foundering,   cro wdi ng   aside   of   the   walls,   and  

up li f t   of   the   roo f   as   other   p o ss ib le   mo de s   of   b a t h o li t hi c   e m -

p l ac e me n t   in   the   m e s o z o n e „   B l o c k   f o un de r in g   cannot   be   ruled  

o u t ,  a l t h o u g h  there   is   no   ind ic a ti o n   of   large   ma s se s   of   c o n t a m -

inated   g ran it e   or   of   large   x e no li ths .   No bl e   (1952)   called  

a t t e n t i o n   to   the   d i f f i c u l t y   in   d e m o n s t r a t i n g   for cib le   i n t r u -

sion   into   sc his to se   rocks,   such   as   the   Idaho   Sp rings   form at ion  

in   this   area.   F o r c i b l e   intrusion,   by   cr o wd i ng   aside   of   the  

wa l l s   an d /o r   u p l i f t   of   the   ro of   may   be   indicated   by   the   g e n -

e r al l y   c on f or m ab l e   con ta ct   and   the   a b un d an t   injected   m a t e r i a l  

in   the   w a l l   r o c k s .   The   m e t a m o r p h i c   w a l l   rocks   sho w   little   or  

n o   more   c r u mp l in g   than   in   othe r   areas   remote   fr o m   i n t r u s ives  

in   the   F r ont   R a n g e ,   hen ce   it   is   felt   u pl i f t   of   the   roof   rocks  

w a s   the   d o min an t   m o d e   of   intrusion.

N o r t h - t r e n d i n g   faul ts

Three   large   n o r t h - t r e n d i n g   faults,   wi th   their   branches,  

cut   the   De v i ls   Head   q u a d r a n g l e .   These   faults   are   here   t e n t a -

ti v el y   named   the   D e vi l s   H e a d - D e e p   C r e e k   fault,   the   Pine   C ree k-  

B e a r   C r e e k   fault,   and   the   Ja c k s o n   C r ee k - S o u t h   Garbe r   C r ee k  

f a u l t .

The   D e v i l s   H e a d - D e e p   C r e e k   fault   trends   about   N   10°W
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pas t   the   we st   side   of   D e v i l s   Head   and   down   the   va l le y   of   De e p  

G r e e k   to   the   s e c .   9,   T.   9   S « ,   R e  69  W „,   w h er e   it   turns  

sha rp ly   to   N   45°   W   and   c o n t i nu e s   no rt h we s tw a rd   into   the   De cke rs  

q u a d r a n g l e  »   The   fault   w a s   ma pp ed   on   the   bas is   of   its   t o p o -

gr ap h i c   e x p r e s s i o n   and   the   pres en ce   of   g r an i ti c   fault   br e c c i a  

a l o n g   its   coursej   the   a c t u a l   fault   surface   w as   not   seen.   The  

fau lt   is   b e l i ev e d   to   be   v e r t i c a l   or   steeply   d i p p i n g   b ec a us e  

of   its   re la t iv e ly   s tr ai ght   trace   and   bec a us e   other   faults   in  

the   a r e a   d ip   steeply.   D i r e c t i o n   and   a mo unt   of   m o v e m e n t   can  

not   be   d e te r mi n ed   b e c a u s e   n o   lithologie   m a rk e r s   are   cut   by  

the   fault.

The   Pine   C r e e k - B e a r   G r e e k   fault   trends   al mo st   due   north  

d o w n   Pine   C r e e k   in   s e c „   4,   T,   9   S , ,   R,  6 9  W , ,   and   s e c s ,   33  

and  28: ,   T,   8   S , ,   R,  6 9  W „ ,   curves   somewhat   w e s t e r l y   to   near  

S p r u c e w o o d   in   s e e ,   16,   T»   8   S , ,   R,  69  W,,   ext e nd s   f r o m   there  

sl ig h tl y   east   o f n o r t h  a l o n g   Co l o r a d o   Hi gh w a y  6 7  to   the   n o r t h -

ern   edg e   of   the   D e vi l s   Hea d   quadrangle,   and   thence   follows   the  

va ll e y   of  B e a r   G r e e k  n o r t h   into   the   Ka ss l e r   q u a d r a n g l e „   A  

b r a n c h   ex t e n d s   s o u t h w e s t e r l y   a l on g   C o l o r a d o   H i g h w a y  6 7  f r o m  

sec.   21,   T.   8   S. ,   R.  6 9  W.   into   the   D ec k e r s   q u a d r a n g l e  »   A  

shor t   e a s t - t r e n d i n g   cross   fault   meet s   the   m a i n   faul t   at   the  

ce nt e r   of   sec.   16,   T.   8   S. ,   R.  69  W.

A l o n g   mu c h   of   its   length,   the   fault   is   a   po or l y   exp osed  

crus h   zone   a   few   feet   wide,   but   in   place s   the   di st u rb e d   zone  

w i d e n s   to   a   few   h un d re d   feet.   In   sev e ra l   places   s a nds to ne
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d i kes   and   dia ba se   dikes   are   in   or   a s s o c i a t e d   w i t h   the   fault  

zone  »   The   dip   of   the   fault   could   not   be   d e te r m i n e d   directly,  

but   the   dikes   w i t h i n   the   fault   zone   d i p  8 0  to   85   deg re es   west,  

and   a   c o r r e s p o n d i n g   di p   is   inferred   for   the   fault  »   The   r e l a -

tive ly   st ra i gh t   fault   trace   supports   this   infer en ce  6

The   ov er a l l   m o v e m e n t   of   the   fault   cannot   be   determined,  

but   in   s e c .   9,   T,   8   S. ,   R»  6 9  W 0,   the   g r a n i t e - m e t a m o r p h i c   r o c k  

co nt a ct   has   b e e n   l e ft - la t e r a l l y   offset   about   27 0 0   feet.   This  

of f se t   could   result   f r o m   l ef t - l a t e r a l   strike-slip,   f r o m  dip -  

slip   w it h   the   w e st   w a l l   mo ve d   r e la t iv e ly   down,   or   f r o m   a   c o m -

b i n a t i o n   of   m o v e m e n t s .   S t r i k e - s l i p   p r o b a b l y   p r e d o m i n a t e d .  

A l o n g   the   cross   fault   in   s e c .   16,   T.   8   S«,   R=  6 9  W. ,   a   d i a -

b a s e d i k e ;  has   b e e n   le f t - l a t e r a l l y   offset   abou t   400   feet.

The   J a c k s o n   C r e e k - S o u t h   Garb er   C r e e k   fault   ex tends   no rt h-  

n o r t h e a s t e r l y   a l on g   J a c k s o n   C r e e k   f r o m   the   east   side   of   De v il s  

Head   to   the   n o r t h   edge   o f  sec.   1,   T.   9   S 0,   R,  6 9  W . ,   thence  

ove r   a   saddle   and   do w n   the   v all ey   of   S o u t h   G ar ber   Creek.   A  

b r a n c h   ex ten ds   s o u t h e a s t e r l y   f r o m   sec  »  2 3,   T.   9   S . ,   R.

6 9  W\,   into   the   D a k a n   M o u n t a i n   qua dr an gle j   ano t he r   b r a n c h  

e x t e n d s   due   south   for   two   mi l es   f r o m  S W £   sec.   1,   T.   9   S. ,

R.  6 9  W. j   and   a   third   b r a n c h   exten ds   so u t h - s o u t h e a s t   two   mil es  

f r o m   s e e .   19,   T.   8   S. ,   R.   68   W.

The   fault   zone   rang es   in   thic kne ss   f r o m  a   fe w   feet  to  a

fe w   tens   of   feet,   and   in   a   few   places,   to   a   hu nd red   yard s  or

so.   The  d i p   of   the   fault   is   be l ie ved   to   be   v e r t i c a l   to
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s t ee p ly   we s t   on   the   b as i s   of   diabase   and   qu a r t z i t e   dikes   w i t h -

i n   the   fault   zone.   The   st r a ig h t   traces   of   the   fault   and   its  

b r a n c h e s   in dic at e   s te ep   d i p s ,   The   d i r e ct i on   and   a mo unt   of  

m o v e m e n t   a lo n g   the   fault   is   not   known   be ca u s e   no   ma rk e rs   are  

cut   by   the   fault

The   faults   are   be l i e v e d   to   have   be e n   ac ti ve   at   s eve ra l  

d i f f e r e n t   t i m e s c   P r e c a m b r i a n   faulting,   w i d e s p r e a d   in   the  

F r o n t   Range,   ma y   have   Invo lv ed   these   faults.   D i s p l a c e m e n t   at  

or   short ly   a f ter   the   end   of   the   Cam b ri a n   pe ri od   is   ev ide nc ed  

b y   the   sa ndstone   dikes   that   lie   In   the   fault   z o n e s ,   Di a b a s e  

dikes,   of   pr ob a bl e   T e r t i a r y   age,   that   occur   in   and   a ss o cia te d  

wi t h   the   fault   zones   w e r e   pro ba b ly   intruded   d u r i n g   renewed  

m o v e m e n t   on   the   f a u l t s ,   S t i l l   later   m o v e m e n t   is   sh ow n   by  

sh ear s   and   s li c k e n s i d e s   w i t h i n   the   diabas e   dikes.   Recently,  

however,   the   ar e a   has   b e e n   s e i s mi e al l y   stable,   as   ind icated  

b y   the   n u m er o us   b a l a n c e d   rocks   and   p erc he d   b o u l d e r s   found  

t h r o u g h o u t   the   area.

M o n o e l i n a l   folds

At   the   w e s t e r n   edge   of   the   D e n v e r   Basin,   w h e r e   it   adj oins  

the   F ro nt   Range,   the   s e d i m e n t a r y   rocks   have   b e e n   s h a rp l y   be nt  

u p   in   m o n o e l i n a l   folds   ( Warner,  195 6. . *   P«   1^3l   O s t e rw a ld   and  

Dean,   1958) ,   Th e se   folds   are   w e l l   de ve l o pe d   a lo n g   the   e a s t -

e r n   edge   of   the   D e v i l s   He ad   area,   p a r t i c u l a r l y   in   the   n o r t h -

ea st   and   so uth ea st   corners,   w h e r e   the   edges   of   the   res is ta n t
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up wa r p e d   s t r a t a   f o r m  p r o m i n e n t   hog ba ck s  »

At   the   m o u n t a i n   front,   beds   g e n e r a l l y   di p   steeply   e a s t -

ward,   a lt h o u g h   in   p l ac e s   they   are   v e r t i c a l   or   o v e r t u r n e d0  

W i t h i n   ha l f   a   mi le   east   of   the   m o u n t a i n   front,   the   beds   are  

n e a r l y   or   qui te   h or i zon ta l,   so   that   f le x ur e   of  9 0  degrees   or  

m o r e   occurs   in   this   d i s t a n c e „

T he   f o l d i n g   is   due   to   u p l i f t   of   the   F ro nt   Range   wh ic h  

d r ag g e d   the   s e d i m e n t a r y   rocks   u p   wi th   it*   The   fol d in g   involves  

the   D a w s o n   arkose,   so   the   u p l i f t   can   be   no   e ar l ie r   than   early  

Te r t i a r y .   U n c o n f o r m i t i e s   w i t h i n   the   D a w s o n   and   lower   dips   in  

the   u p p e r   part   of   the   D a w s o n   suggest   that   the   up li f t   was   g oi n g  

on   d u r i n g   D a w s o n   time.

Th ru s t   faults

A l o n g   w i t h   the   m o n o e l i n a l   folding,   thrust   faults   or   hig h-  

angle   r ev ers e   faults   m a r k   the   b o u n d a r y   b e t w e e n   the   Fro nt   R a n ge  

and   the   D e n v e r   Basin.   E a r l y   workers,   such   as   Lee   (1 9 0 2),  

failed   to   r e c o g n i z e   these   faults,   and  e x p l a i n e d   the   d i s a p p e a r -

an c e   of   c e r t a i n   s t r a t a   a l o n g   the  m o u n t a i n   front   by   a rc h in g  

d u r i n g   s e d i m e n t a t i o n .   Z i e g l e r   (1 9 1 7)   firs t   called   at t e n t i o n  

to   the   faults   and  s h o w e d   that   their   r ev e r s e   m o v e m e n t   and   ste ep  

dip s   could   be   e x p l a i ne d   by   l at e r a l   co m p r e s s i o n   combined   wi t h  

pr on o u n c e d   v e r t i c a l   upl if t.

In   the   D e vi l s   He ad   q u a d r a n g l e   the   thrusts   trend   n o r t h   to  

s o m e w h a t w e s t   of   north,   g e n e r a l l y   pa r a l l e l   to   the   strike   of
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the   se di me n ta ry   r o c k s „   Two   or   three   p ar a l l e l   fault   traces  

o cc u r   at   the   surfacej   these   are   beli eve d   to   m e r g e   at   depth  o  

Th e   d i p   of   the   faults   cannot   be   obs erved   directly,   b u t   some  

d a t a   on   dips   are   a v a il a bl e   f r o m  wel l s   n or t h   and   sou th   of   the  

a r e a   ( Bauer,   1958,   p.  8 5-8 6) »   In   s o ut he r n   Per ry   Park,   wher e  

the   F o u n t a i n   f o r m a t i o n   is   thrust   over   Pierre   shale,   the   fault  

dip s   50   deg re es   w e s t „   In   sec.   32,   T.   7   8. ,   R 0   68  ¥,,   a   w e l l  

de s i g n e d   to   in te r c ep t   the   fault   w en t   to   a   dep th   of  1 2 6l   feet  

w i t h o u t   e n c o u n t e r i n g   the   f a u l t1  the   fault   plane   is   bel iev ed  

to   di p  8 5  deg re es   or   more.

T o t a l  m o v e m e n t   on   the   faul ts   cannot   be   d et e rmi ne dj   it  

p r o b a b l y   varie s   f r o m   pla ce   to   p l a c e .   A lo n g   the   J a c k s o n   C r e e k  

road   in   s e c .  1 7,   T.   8   S. ,   R.   68   W. ,   gr ani te   has   be en   thrust  

ov er   the  B e n t o n   formation,   a   str at ig r ap h ie   thro w   of   mo re   than  

4 3 0 0  f e e t .   A d d i t i o n a l   t h r u s t i n g   w i t h i n   the   D a w s o n   is   i n d i -

cated.   At   B e e   Rock,   in   s e c .   8,   T.   8   S. ,   R.   68   W . ,   gr an i t e  

has   b e e n   th ru st   over   the   B e n t o n   formation,   and   the   B e n t o n   in  

tu r n   has   b e e n   thrust   over   the   D a w s o n1  the   s t r a t i gr ap h ie   throw  

there   is   about   11 , 0 0 0   f e e t .   A c t u a l   mo v e m e n t   on   the   faults  

w a s   c o n s i d e ra b ly   g r e a t e r   than   thisj   W a r n e r   (1956,   p.   139)  

su gg e st e d   m o v e m e n t   of   a   few   m i l e s .

The   f a u l t i n g   occu rr ed   d u r i n g   ear ly   T e r ti a ry   ( Laramide)  

time.   A l t h o u g h   ea s t - w e s t   c o m p r e s s i o n   is   ind icated   b y   cr us ta l  

s h o r t e n i n g   ac ro ss   the   Fr on t   R an g e   ( Warner,   1956,   p.   <139),   the  

s t e e p   dips   of   the   faul ts   and   the   st ro n g   m o n o e l i n a l   folds
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as s o c i a t e d   w i t h   t h e m   i n d i ca t e   that   ve r t i c a l   u p l i f t   played   an  

i m p o r t an t   if   not   d om i n a n t   role   in   the   d e f o r m a t i o n „

Cr oss   faults

A   series   of   e a st -   to   n o r t h e a s t - t r e n d i n g   cross   faults   cut  

the   bel t   of   th r u s t i n g   and   f o l d i n g   a lo ng   the   east   edge   of   the  

F r o n t   R a n g e .   F i f t e e n   such   faults   we re   ma p pe d   in   the   D ev il s  

He ad   q u a d r a n g l e   and   o t he r   faults   may   exis t   u n d e r   cover.

The   faults   are   po o r ly   exp os ed   a lo ng   gullies,   and   their   a t -

titud es   cannot   be   d e t e r m i n e d ,   They   are   b e l i e v e d   to   be   v e r t i -

c a l   or   ver y   s te e p l y   dipp in g.   M ov e m e n t   on   the   faults   is   la r g -

e ly   d i p   slip,   a m o u n t i n g   to   s ev e r a l   tens   to   a   few   hundred   feet  

in   the   c e nt r al   p ar t s   and   d e c r e a s i n g   toward   the   ends.   The  

f a u lt s   die   out   in   the   g r a n i t e   to   the   we st   and   in   the   s e d i m e n -

tary   rocks   to   the   east.

The   f aul ts   are   of   L ar a m i d e   age,   but   later   th a n   the   thrust  

fa ul ts   w h i c h   they   o f f s e t .   Th ey   p r o b a b l y   r e p r es e nt   readjustment,  

w i t h i n   the   folded   and   faulted   belt,   to   the   ea rl i e r   d e f o r m a t i o n ,  

T h e i r   trend,  roughly  n o r m a l   to   the   d is tu rbe d   belt,   in dicates  

they   m a y   have   de v e l o p e d   a l o n g   te n s i o n a l   fr a c t u r e s   forme d   d u r -

in g   the   e as t - w e s t   c o m p r e s s i o n   th a t   forme d   the   thrusts   and  

folds.

J o in t s

T h r o u g h o u t   the   g r a n i t e   in   the   De v i l s   Head   quadra ng le,   a  

co n s i s t e n t   joint   s y s t e m   is   d e v e l o p e d ,   S i m i l a r   joints   m a y   be



PLATE  5

S

F B E Q Ü E N C Y - D I S T R I B U T I O N  D I A G R A M  O F   T H E   P O L E S   O F   1 4 5 0   J O I N T S   I N  P I K E S   P E A K  G R A N I T E ,  
D E V I L S   H E A D   Q U A D R A N G L E ,   D O U G L A S   C O U N T Y ,   C O L OR A D O.
( O n e - p e r c e n t   c o u n t e r .   C o b t o u r s   a t   0. 5 ,   1,   2,   4,   a n d   8   p e r c e n t . )
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re c og n iz e d   in   the   m e t a m o r p h i c   rocks,   but   are   combined   wi th  

f o l i a t i o n   joints   and   others   so   that   the   p a t t e r n   is   less   r e g u -

lar,   Join ts   in   the   s e d i m e n t a r y   rocks   w e r e   not   mapped,   as   they  

are   g e n e r a l l y   poorl y   de ve lop ed   and   u n s y s t e m a t i c ,

The   joints   in   the   g ra n it e   fall   lar gely   into   two   mu t u a l l y  

p e r p e n d i c u l a r   sets   that,   on   the   average,   s tri ke   n or t h - s o u t h  

and   e as t - w e s t   and   dip   v e r t i c a l l y .   S t e e p l y   d i p p i n g   joints   not  

i n clu de d   in   one   of   these   sets   are   mu ch   less   ab u n da n t   and   fl at-  

l y i n g   joints   are   un co m m on .

I n d i v i d u a l   joints   w i t h i n   the   sets   m a y   vary   se ver al   degre es  

a l o n g   dip   and   strike   and   may   depart,   i n d i v i d u a l l y   or   in   l o c a l -

ized   a r e a s ,   f r o m   the   av er age   attitudej   but   the   ov era ll   pa t t e r n  

is   r e ma r k a b l y   consistent,   as   sh ow n   in   Plate   5   wh ich   is   a   f r e -

q u e n c y  -dis  tribu t  ion   d i a g r a m   of   the   poles   of   145 0   j o i n t s .

The   c o n c l u s i o n   that   the   joints   are   related   to   the   f a ul ti n g  

seems   i n e s c a p a b l e ,   The   n o r t h - s o u t h   joints   are   p a r al l el   and  

s u b - p a r a l l e l   to   the   trend   of   the   faults,   and   nea r   the   faults  

the   n o r t h - s o u t h   joints   are   w e a k e r   and   less   clo s el y   spaced,  

as   thou gh   a r e a l   str esses   had   b e e n   relieved   by   f a ul ti n g   in  

thes e   zones   w i t h   less   ten den cy   to   cause   jointing.   In   the  

e a s t - w e s t   direction,   w h e r e   f a u l ti n g   is   not   developed,   the  

joints   sh o w   no   such   v a r i a t i o n   in   d ev e lo p me n t  »

A l t h o u g h   the   joints   are   of   Lar  am ide   a g e ,   their   f o r m a t i o n  

w a s   s t r on g ly   inf l ue n ce d   by   an   earlier,   p r o ba b ly   Precambrian,  

s t r u c t u r a l   fram ewo rk .   The   faul ts   to   w h i c h   they   are   related
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w e r e   de ve lo p ed   p ro b a b l y   d u ri n g   Pr e ca m br i an   time,   ce r ta i nl y  

as   e a r l y   as   s h or t ly   a ft er   the   Cambrian,   Co mp r e s s i v e   forces  

d u r i n g   Lar ami de   time   caused   renewe d   m o v e m e n t   a lo ng   the   n o r th  

t r e n d i n g   fault s   and   the   f o r m a t i o n   of   the   n o r t h - s o u t h   jointsj  

the   e a s t - w e s t   joints   d e v e lo p ed   as   a   c o m p l e m e n t a r y   set  »
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GEO L OG I C   H I S T O R Y

The   f o r m a t i o n   of   the   me t a m o r p h i c   and   igneous   rocks   of  

the   D ev i l s   Head   a r e a   occurred   w e l l   over   a   b i l l i o n   years   ago,  

as   d em o n s t r a t e d   b y   a   n u m b e r   of   w o r k e r s   u s i n g   a   va r ie t y   of  

d a t i n g   m e t h o d s   ( see   f o l l o w i n g   s ec t i o n   on   Age   De t e r m i n a t i o n s ) .  

S t i l l   e a r l i e r   events,   not   dated   and   pe r hap s   im p os si bl e   to  

date,   can   be   rec og niz ed .

The   e ar l i e s t   d e m o n s t r a b l e   e pi so d e   is   the   up l i ft   and   s u b -

se qu ent   e r o s i o n   of   a   large   m o u n t a i n   m a s s .   W h e t h e r   the   m o u n -

tains   had   b e e n   involved   in   sti ll   e a r l i e r   cycles   of   uplift,  

e r o s i o n   and   de position,   or   w h e t h e r   they   rep re se n te d   part   of  

the   p r i m e v a l   crust   of   the   ea r t h   can   only   be   c o n j e c t u r e d .   In  

an y   case,   se dim en ts   derive d   f r o m   th e m  w e r e   de po s it e d   to   fo r m  

sandstones,   arkoses,   shales,   and   some   limes ton es   that   later  

b e c a m e   the   Idaho   S pr i ng s   for mation.   D e p o s i t i o n   was   largely  

marine,   as   indic at ed   by   the   a b u n d a n c e   and   a re al   ex te n t   of  

s h a l e - d e r i v e d   rocks|   but   some   m e t a - c o n g l o m e r a t e s   are   pr o b ab l y  

of   c o n t i n e n t a l   origin.   D i o r i t e   sills   w e r e   intr ud ed   into   this

103
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seri es   of   s e d i me n ta r y   rocks   and   an dé s it e   lava   flows   poured   out  

on   the   s u r f a c e .

F o l l o w i n g   d e p o s i t i o n   of   the   Idaho   Spr in gs   rocks,   the  

re g i o n   u n d e r w e n t   a   period   of   stro ng   d e f o r m a t i o n   and   regi on al  

m é t a m o r p h i s m e   s yn t ec t on i c   i nt r us i o n   pr o ba b ly   a c c o mp a ni e d   the  

d e f o rm at i on .   U n de r   these   con dit io n s   the   Idaho   Sp ri ng s   rocks  

we re   c onv er te d   to   gneisses,   schists,   and   migmat lte s,   and  

we re   s t ro ng l y   crumple d   and   faulted.

The   r e gi o n   was   then   i nt ru ded   by   a   n u mb e r   of   g ra ni tic  

m a s s e s   ( cf.   the   India n   C r e e k   pl ut on s   of   Bo os   and   Aberdeen,

19^0)   non e   of   w h i c h   occurs   in   the   De vi l s   Head   qu ad ra ng le.  

E m p l a c e m e n t   of   these   pl ut on s   w a s   followe d   by   i n t r u s i o n   of   a  

g r ea t   g r an it i c   ma ss   to   f o r m   the   Pikes   Pea k   ba t ho li th .

A f t e r   empla ce me nt,   so lidification,   and   co ol i ng   of   the  

Pike s   Pe a k   granite,   the   ar ea   wa s   subjected   to   a   long   period  

of   erosion,   d u r i n g   w h i c h   the   me t a m o r p h i c   r o c k   cover   was   r e -

mo v e d   f r o m   the   g r a n i t e   over   part   of   the   area.   B y   Up pe r   C a m -

b r i a n   time,   a   very   flat   p e n e p l a i n   had   de vel op ed   on   the   g r a n -

ite   and   the   m e t a m o r p h i c   rocks   in   the   Dev il s   Head   area.

D u r i n g   U p p e r   C a m b r i a n   time,   a   sea   advanc ed   f r o m   the   east,  

c o v e r i n g   the   D e v i l s   Head   a r e a   and   de p o s i t i n g   the   Saw a t ch   sands.  

B e f o r e   the   S a w a t c h   sands   had   be e n   indurated,   p r ob a bl y   in   late  

U p p e r   C a m b r i a n   time,   but   p o s s i b l y   som ewh at   later,   a   series  

of   n o r t h - t r e n d i n g   faul ts   de v el o pe d   into   w h i c h   qu ic k s a n d s   of  

the   S a w a t c h   we r e   inj ect ed   dow nw a rd   by   the   pre ss u re   of   o v e r -
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lyin g   s e d i m e n t s .   Thes e   fault   filling s   formed   the   sand st on e  

dikes   of   the   D e vi l s   Head   and   adja ce nt   areas  »

D e p o s i t i o n   of   m a r i n e   sedi men ts   pr ob a b l y   con tinued   d u r -

ing   the   O r d o v i c i a n   p e r i o d „   No   Or d o v i c i a n   rocks   are   found   in  

the   D e v i l s   Head   quadra ng le,   but   the   M a n i t o u   limes to ne   crops  

out   in   Perr y   Par k   just   south   of   the   q u ad r an g le   and   it   appears  

that   this   f o r m a t i o n   once   covered   at   least   part   of   the   Dev il s  

He a d   q u a d r a n g l e .

D u r i n g   the   S i l u r i a n   and   D e v o n i a n   periods,   the   a r e a  wa s  

p r o b a b l y   g e n t l y   up l i f t e d   and   lightly   e r o d e d .   No   S i l u r i a n  

r o cks   are   k n o w n   a n yw h er e   in   this   region,   and   D e v o n i a n   rocks  

ha ve   b e e n   found   only   in   the   su b su rf ace   to   the   east.   An   u n -

c o n f o r m i t y   is   found   at   the   ba se   of   M i s s i s s i p p i a n   rocks   a   few  

m i l e s   south   of   the   D e v i l s   H e a d .

T h o u g h   not   d i r ec t ly   evident,   a   M i s s i s s i p p i a n   sea   m a y  

have   cov er ed   at   least   part   of   the   qu adrangle.   M i s s i s s i p p i a n  

l i me s t o n e s   are   found   a   few   m il es   to   the   south,   but   if   they  

w e r e   al s o   d e p o si te d   in   the   Dev i ls   Head   area,   they   we re   eroded  

a w a y   be fo re   d e p o s i t i o n   of   P e n n s y l v a n i a n   sedi men ts   began.

The   "A n ce s t r a l   R o c k y   Mou n ta i ns "   we r e   upl i ft e d   in   P e n n -

s y l v a n i a n   time,   and   cl astic   sediments   derived   fr om   thei r   e r o -

sion   w e r e   d e p o s it e d   in   a   p i e d m o n t   en v ir o nm e nt   to   f o r m   the  

F o u n t a i n   fo rm ati on .   M a r i n e   fossils   found   in   the   F o u n t a i n  

f o r m a t i o n   a   few   mi l e s   east   of   the   Devils   Head   ar e a   ind icate  

a   n e ar by   sea,   and   It   is   po ss i bl e   that   in ter mi tt e nt   m ar i n e
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c o nd i t i o n s   existed   w i t h i n   parts   of   the   De vi ls   Head   q u a d r a n g l e .

E r o s i o n   of   the   m o u n t a i n s   and   d e p o s i t i o n   of   clastic   s e d i -

m e n t s   co ntinued   in   Per m ia n   time.   The   Lyons   sand sto ne   was   laid  

d o w n   as   a   s t ra nd lin e   deposit.   As   the   m o u n t a i n s   we re   reduced  

in   height,   shales   and   li me st one s   of   the   Lykins   f o r m a ti o n   were  

de p o s i t e d   in   a   shallow-wa te r,   ne a r - s h o r e   environment,   pos si b ly  

u n d e r   delta ic   conditi on s.   These   condi ti ons   per sis te d   into  

T r i a ss i c   time.

D u r i n g   the   J u r a s s i c   period,   the   land   was   re l at i ve l y  

qu ie sce nt .   Shales,   marls,   and   g y p s u m   d ep os it ed   un d er   lag oonal  

or   es tu a ri n e   co nd it i on s   ga ve   rise   to   the   R a l s t o n   C r ee k   f o r m -

ation.   The   Mo r r i s o n   fo r m a t i o n   was   dep os it e d   as   sands,   muds,  

and   marl s   on   flat   lowlands,   covered   by   lakes   and   swamps,  

ove r   w h i c h   d i n o s a ur s   roamed.

E p e i r o g e n i c   u p l i f t   in   late   Jura ss ic   or   ear ly   Cr eta c e ou s  

time   is   ref le ct e d   in   the   c o n g l o m e r a t e   that   in   ma n y   places  

fo rms   the   base   of   the   D a k o t a   formation,   w h i c h   was   depo sit ed  

la rg ely   u n d er   n e a r - s h o r e   c o n t i n e n t a l   conditions,   w i t h   some  

m a ri n e   phases.

Near   the   end   of   D a k o t a   time,   the   land   b e ga n   to   subside  

and   a   gre a t   sea   mo ve d   into   the   ar ea   f r o m   the   east.   As   s u b s i -

dence   continued,   shales   and   lim estones   we r e   de po s i te d   to   f o r m  

the   B e n t o n   N i o b r a r a   and   Pierre   f o r m a t i o n s .   S e d i m e n t a t i o n   and  

s u bs id e nc e   a p p a r e n t l y   p r oce ed ed   at   si mil ar   rates,   for   there  

is   no   e v id e nc e   of   very   d e e p   or   very   sh a ll o w  w a t e r   dep osi ti on .
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Su b s i d e n c e   ceased   and   renewed   uplift   be g a n   d u ri n g   Pierre  

time,   so   that   by   P o x   H i l ls   time   the   sea   had   pa r t i a l l y   r e t r e a t -

ed   and   the   F o x   Hill s   sa nd sto ne   was   dep osited   in   s ha l l o w   wa te rs  

n e a r   shore,   p ro b a b l y   as   a   series   of   of f- shore   b a r s .

Co nt i nu e d   u p l i ft   resulted   in   the   final   w i t h d r a w a l   of   the  

se a   at   the   close   of   F o x   Hill s   time   and   the   sands   and   clays  

of   the   La ra mie   fo r m a t i o n   we r e   de posited   on   low,   broad,   p i e d -

m o n t   plains.   The   clima te   was   w a r m   and   humid,   and   the   plains  

w e r e   covered   w i t h   a b u n d a n t   vegetation,   w hi ch   ac cu m ul a te d   in  

the   n u m e r o u s   swamps   to   f o r m   lenses   of   c o a l ,

Gentle   u p l i f t   and   e r o s i o n   followed   Lar amie   time,   and  

init ia ted   the   L a ra mi de   r e v o l u t i o n   in   this   area.   Pebbles   and  

coars e   ark os ic   sands   derive d   f r o m   the   newl y   u p li f te d   m o u n -

tains   w e r e   laid   do w n   as   the   D a w s o n   arkose,   w h i c h   u n c o n f o r m -  

ab l y   o ve rl ies   the   older   format io ns.   Uplift,   erosion,   and  

d e p o s i t i o n   a l te rn a te d   d u ri n g   D a w s o n   time,   as   in di cat ed   by  

the   loc al   u n c o n f o r m i t i e s   w i t h i n   the   Dawson.

L a r a m i de   v ol ca nic   a c t i v i t y   was   wi d e s p r e a d   d u r i n g   D a w s o n  

time,   A n d e s i t i e   v o lc an ic   debris   abounds   in   the   D e n v e r   f o r m -

ation,   w h i c h   is   eq u i v a l e n t   to   the   Daw so n.   A l t h o u g h   n o   v o l -

canic   m a t e r i a l   was   found   w i t h i n   the   Dawson,   a   n u m b e r   of   dla-  

b a s i c   an d és i te   dikes   cut   the   Pikes   P e a k   gr an i te   in   the   Devil s  

He a d   q u ad ra ngl e.   These   dikes   are   pre sumed   to   be   eq u iv a l e n t  

in   age   to   the   and es it ie   m a t e r i a l   in   the   D e n v e r   formation,  

tha t   is,   e ar ly   Tertiary,   a lt h o u g h   they   could   be   mu c h   earlier.
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as   they   have   not   b e e n   observed   cut t i ng   any   rocks   y o u n g e r   than  

the   p o s t - S a w a t c h   s an ds to ne   d i k e s .   These   an de s it i e   dikes   m ay  

r e p r es en t   the   feeders   of   the   vol ca no e s   that   co n tr i bu t ed   to  

the   D e n v e r   formation*   as   the   source   of   that   m a t e r i a l   has   not  

b e e n   f o u n d •   The   dikes*   al mo st   i n va ri a bl y   found   in   faults  

w i t h i n   the   Pikes   P e ak   granite,   pr o ba b ly   reflec t   renewe d   fault  

m o v e m e n t   a c c o m p a n i e d   by   vo lc ani sm .

R h y o l i t e   flo ws   occ urred   at   the   close   of   D a w s o n   time*   and  

p r o b a b l y   cov er ed   part   of   the   De v i ls   Head   qua drangle,   a l t h o u g h  

an y   such   flo ws   in   this   a r e a   have   be en   c om p l e t e l y   removed   by  

er os io n,   D o u g l a s   rh yo l it e   caps   sev e r al   bu t t es   just   east   of  

the   D ev i l s   Head   q u a d r a n g l e .   Similarly*   the   Ca st le   R o c k   c o n -

g l o m e r a t e   m a y   have   be e n   d e p o s it e d   and   later   eroded   f r o m   this  

area.

At   the   c l i m a x   of   the   Lar am ide   revolut io n*   st r on g   m o n o -  

c l i n a l   f o l d i n g   and   thrust   f a u l t i n g   involve d   the   rocks   al o n g   ;  

the   m a r g i n   of   the   F ro nt   R a n g e   th ro ug hou t   mo s t   of   its   length.  

This   f a u l t i n g   was   p r o b a b l y   a cc o mp a ni e d   b y   renewed   fa ul ti n g  

a l o n g   the   p r e - e x i s t i n g   f aul ts   in   the   P r e c a m b r i a n   rocks*   as  

the   a n d és i te   dikes   have   b e e n   aff ec ted   by   po s t- d ik e   fault in g,

A   seri es   of   cross-fa ult s,   p r o b a b l y   not   m u c h   later   than   the  

thrusting*   offset   the   thru st   planes   and   s e d i m e n t a r y   rocks*   as  

w e l l   as   the   granite,   in   the   D ev i l s   Head   q ua dr ang le .

The   a r e a   was   e x t e n s i v e l y   p e n e pl a in e d   in   m i d - T e r t i a r y  

time*   and   since   then   there   have   been   two*   or   pe rh aps   more.
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stage s   of   u p l i f t   and   e r o s i o n  w h i c h   acc o u nt   for   the   pr es en t  

to po gr a ph y .

W i s c o n s i n   glacia ti on,   w h i c h   aff ec ted   m u c h   of   the   Front  

Range,   has   left   n o   record   in   this   area.   Pr e s e n t - d a y   streams,  

a c t i v e l y   cu tt i n g   in to   the   rocks   a l on g   their   s te e pe r   reaches,  

a re   d e p o s i t i n g   a l l u v i u m  u p o n   d e b o u c h i n g   onto   the   p l a i n s .
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A G E   D E T E R M I N A T I O N S

In   re ce nt   y ea r s   a   va r ie t y   of  me thods,   based   on   r a d i o -

activity,   have   b e e n   d e v e l op e d   f or   d a t i n g   g e ol o gi c   even ts  »

These   m e t h o d s   are   p a r t i c u l a r l y   e f f e c t i v e   in   the   study   of   i g -

ne ous   and   m e t a m o r p h i c   rocks,   w h e r e   p a l e o n t o l o g i c a l   and   s t r a t i -

g r a p h i e   c o r r e l a t i o n   and   d a t i n g   are   g e n e r a l l y   i m p o s s i b l e e   In  

such   rocks   s t r u c t u r a l   r el a t i o n s h i p s   m ay   often   be   u se d   to   infer  

r e l a ti v e   dates,   but   to   c o rr e la t e   sep arated   areas   and   to   d e t e r -

m i n e   a c t u a l   time   int er va l s   and   dates,   the   n e we r   me th o ds   mus t  

be   e m p l o y e d .

S e v e r a l   age   stu di es   of   rocks   and   m i n e r a l s   f r o m   the   F r on t  

R a n g e   hav e   b e e n   mad e  $   thos e   that   are   a pp l ic a bl e   to   D e v i l s   Hea d  

q u a d r a n g l e   rocks   are   su mm a ri z ed   here.

Only   one   age   d e t e r m i n a t i o n   has   b e e n   reported   f r o m   the  

D e v i l s   Head   q u a d r a n g l e   itself.   Hi l l e b r a n d   ( 1888)   analyze d  

three   s a ma r s k i t e s   f r o m  D e v i l s   Head   Mountain,   and   f r o m   these  

a n a l y s e s   H o l m e s   (1931,   p.   338)   c al c ula ted   the   lead   ratios  

0. 142,   0. 152,   and   0. 160.   A c c o r d i n g   to   L o v e r i n g   and   Goddard

1 1 0
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(1 9 5 0,   p.   28),   the   age   Indicated   Is   a p p r o x i m a t e l y   1000   m i l -

lion   y e a r s ,   The   f o r m u l a

Pt>
A g e   ( m . y .  )   =  7 6OO  - j p

y i eld s  1 0 8 0j   ll6 0j   and   1220  m i l l i o n   years   re s pe c t i v e l y   for  

these   r a t i o s .   The   yo un g e s t   of   these   dates,   der ived   f r o m   the  

f r es he st   mat eri al ,   is   p r o b a b l y   the   mo st   r e l i a b l e .   It   agrees  

w e l l   w i t h   dates   re po r te d   by   H u t c h i n s o n   (1959k)   for   the   Pikes  

Pe a k   g r a n i t e .

Ag e   d e t e r m i n a t i o n s   of   the   Pikes   Pe a k   gr an i t e   f r o m   other  

area s   have   b e e n   m a d e   u s i n g   the   p o t a s s i u m - a r g o n   m eth od   on   m i c a  

( Aldrich   and   others,   1 9 5 8 j   Gi f fi n   and   Kulp,   i9 6 0 j   Hutchinson,  

1959^,   bj   Ph ai r   and   Gottfried,   1 9 5 8 j   Til t on   and   others,   1 9 5 7 ) I  

the   s t r o n t i u m - r u b i d i u m  m e t ho d   on   m i c a   and   l e a d - u r a n i u m - t h o r i u m  

is ot ope   me th o d   on   z i r c o n   ( Aldric h   and   others,   1 9 5 8 j   Phair   and  

Gottfled,  1 9 5 8;   T i l t o n   and   others,   1 9 5 7 ) I   and   the   l ea d -al ph a  

m e t h o d   on   zi r co n   ( Phair   and   Gottfried,   1 9 5 8 ) »   The   results  

range   w i d e l y   for   the   d i f f e r e n t   methods,   but   there   is   g e n e r a l l y  

good   a g r e em e nt   b e t w e e n   d i f f er e nt   in ve s ti g at o rs   u s i n g   the   p o t a s -  

s i u m - a r g o n   me th o d   on   biotit ej   their   results   in dicate   a   p r o b -

able   age   of   1050   m i l l i o n   year s   for   the   Pikes   Pea k   g r a n i t e .

H u t c h i n s o n   (1 9 5 8a)   reporte d   a   p o t a s s i u m - a r g o n   age   of  

124 0   m i l l i o n   years   for   the   D oub le   Head   p l u t on,   one   of   the  

India n   C r e e k   gr o u p  *   He   stated   ( i9 6 0,   p.   171)   that,   on   the  

b as i s   of   st r u c t u r a l   relations,   the   D o u bl e   Head   p l u t on   appears  

to   be   e ar l i e r   th an   the   Pikes   P e a k   granite.
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Most   of   the   m i n e r a l i z a t i o n   of   the   F r o nt   Ra ng e   is   b e -

lieved   to   be   of   La r am i de   age   ( L ov eri ng   and   Goddard,   1 9 5 0 ) «  

P i t c h b l e n d e   f r o m   the   C e n t r a l   City   d i st r ic t   has   be e n   dated   by  

l e a d - u r a n i u m   isotope   ratios   ( Bc kel ma nn   and   Kulp,   1957>   p.   1127-  

1128)   as   a b o u t   60   m i l l i o n   years   o l d .   The   s ph a l e r i t e - g a l e n a -  

f l u o r ite - ba r it e   vein s   of   the   De v il s   Head   q u a d r a n g l e   are   p r o b -

a b l y   c l o se l y   s im i la r   in   a g e .

On   the   b a si s   of   age   de te r m in at ion s,   the   i g n e o u s - m e t a m o r -

phic   hi s t o r y   of   the   D e v il s   Head   ar ea   can   be   sum ma r iz e d   as  

follows!   int en se   oro ge ny   and   met am or p hi s m,   g i v i n g   rise   to  

Idaho   Sp r i n g s   formation,   about   1500  m i l l i o n   y ea rs   agoj   i n t r u -

si o n   of   In di a n   G r e e k  p lu to ns   and   related   bodie s   124 0  m i l l i o n  

ye ars   agoj   i n t r u s i o n   of   Pikes   P e a k  g r a n i t e   1050   years   a g o3  

and   h y d r o t h e r m a l   m i n e r a l   deposition.  6 0 m i l l i o n   years   ago.
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E C O N O M I C   G EO L O G Y

As   of   the   end   of   i9 6 0,   the   only   m i n e r a l   pr o d u c t i o n   fr o m  

the   D e v i l s   Head   qu ad r a n g l e   Is   d is i nt e gr a te d   g ra n it e   for   road  

metal.   A l t h o u g h   It   Is   felt   that   the   ec on o mi c   m i n e r a l   p o t e n -

tial   of   the   a r e a   is   low,   the   e x p l o r a t i o n   and   m i n i n g   that   have  

b e e n   carried   on   in   the   past   and   the   po ss ib le   e x p l o i t a t i o n   of  

some   m a t e r i a l s   in   the   future   w a r r a n t   dis cussion.

Gold

A   sm al l   amount   of   p lac er   gold   has   be e n   pro d uc e d   f r o m  

N e w l i n   Gul ch   about   10   mi les   no r t h e a s t   of   the   De vi l s   Head   q u a d -

rangle.   ( Henderson,   1912,   p.  3 8 7,   410)   reports   an   output   of  

4. 02   fine   ounces   in   1910.   More   recently,   three   ounces   were  

pr o du c ed   in   1948   and   three   mo re   in   1956   ( Martin,   1948,   p.   1457;  

Kelly,   Kerns,   and   Parker,   1956,  p.   2 6 4 ) .   A c c o r d i n g   to  Em mo ns  

( Emmons,   Cross,   and   Eldri dg e,  1 8 9 6,   p • 270-273.)   and   B u t l e r   (1912),  

the   gold   was   found   in   a l l u v i u m   in   the   b o t t o m   of   the   gulc h   as  

w e l l   as   in   M o n u m e n t   C r e e k   s e d i me n ta r y   rocks   w e l l   above   the  

stream.   He   co ncl u de d   that   the   gold   in   the   s t r e a m  b o t t o m  was

1 1 3
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de ri ved   f r o m   the   M o nu m en t   C r e e k  beds   and   that   the   mo st   p r o b -

ab le   source   of   the   gold   In   the   Monume nt   C r e e k   rocks   was   In   the  

a r e a   of   the   Pikes   P e a k  gr a nit e.   W i t h i n   the   granite,   m a n y   p r o s -

pe ct   pits   i nd ic ate   the   s ea rch   for   gold   in   this   area,   but   so   far  

as   can   be   asc ertained,   none   of   these   yi el de d   any   ore.

A l t h o u g h   the   forme r   p r o d u c t i o n   indi cat es   a   p os s i b i l i t y   of  

b u ri e d   p l a c e r   gold   in   the   D a w s o n   arkose,   or   an   u n d i s c ov e re d  

lode   In   the   gra n it i c   area,   p r o s p e c t i n g   seems   un warranted,   e s -

p e c i a l l y   in   view   of   the   p r o ba b l e   small   size   and   low   gr ad e   of  

such   d e po si t s   and   of   the   cur re nt   dep ressed   state   of   the   g ol d-  

m i n i n g   industry.

Coa l

A l t h o u g h   no   coal   is   n o w   mi ne d   in   this   vicinity,   E l d r i d g e  

( Emmons,   Cross,   and   Eld ri dge ,  1 8 9 6,   p.   327-329)   de sc ri bed   the  

D o u g l a s   coal   mi n e   w h i c h   wa s   o p e r at i ng   in  1 8 9 0  in   the   S e d a l i a  

coal   field,   a p p a r e n t l y   a   short   dis ta nce   n or t h   of   the   Devi ls  

He ad   q ua d r a n g l e j   he   m e n t i o n s   ha l f   to   thr ee -q u ar t er s   of   a   mi le  

of   w o r k a b l e   coal.   H o   coa l   was   seen   du r i ng   this   study,   and   as   the  

a r e a   of   La ram ie   o u tc ro ps   in   the   D evi ls   Head   q u ad r a n g l e   is   r at her  

small,   there   is   little   li kelihood   of   f in di n g   w o r k a b l e   coal.

It   is   not   f e a s ib l e   to   p r o sp e ct   for   coal   b e n e a t h   the   D a w s o n  

a r k o s e .

P e t r o l e u m

Ho   oil   we l l s   have   b e e n   dri lled   in   the   De vi l s   Head   quadrangle.
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a l t h o u g h   S h e l l   O il   Co.   has   dri lled   three   co r e - d r i l l   holes   for  

s t r u c t u r a l   in f o r m a t i o n  «   The   co m pl e x   s t r u ct ur e   mak es   the   d i s -

co v er y   of   suit ab le   traps   di fficult.   Al th o u g h   the   p o s s ib i li t y  

of   oil   in   this   a r e a   exists,   d a t a   are   in s u f f i c i e n t   to   Justify  

a   w i l d c a t   well.

The   n e ar e st   p r o d u c t i o n   was   about   18   m il es   n or t h   of   this  

a r e a   in   the   S W ̂ N E ̂ N W ç   sec.   7,   T.   5   S. ,   R.  6 9  W.   That   well,  

the   S.   D»   J o h n s o n   P al l a r o   No.   1,   pr oduced   i ni t ia l ly   100   bpd,  

but   was   shut   do wn   a f ter   a   few   m o n t h s .   No   offset   wells   were  

d r i l l e d .

A l t h o u g h   clay   has   b e e n   mine d   e x t e n s i v e l y   in   this   region  

f r o m   the   D a k o t a   and   L a ra m ie   formations,   and   B a u e r   (1959,   p.  

1 0 2)   m e n t i o n e d   a   clay   pit   o pe r a t i n g   only   a   m il e   and   a   h a l f  

n o r t h   of   this   area,   n o   clay   de po sit s   are   k n o w n   in   the   Devils  

Head   q u a d ra n gl e .   The   limited   o ut c ro p   area  of  cl a y- b e a r i n g  

f o rm a t i o n s   and   the   poor   qu a l i t y   of   m a t e r i a l   obs er ved   in   th e m  

m a k e   it   u n l i k e l y   that   clay   can   be   mi ne d   in   this   area.

Gypsum

The   o c c ur r en c e   of   g y p s u m   in   the   Pe rr y   P a r k   a r e a   has   b ee n  

k n o w n   for   m a n y   years,   and   some   g y p s u m  wa s   m i n e d   f o rm er l y  

( Lakes,   1904,   p.  873 1 9 0 5a,   p.   312),   but   no   p r o d u c t i o n   has  

b e e n   m ad e   in   recent   years,   and   the   g y p s u m   has   a tt r ac t ed   little  

n o t i c e   e x c e p t   f r o m  m i n e r a l   co ll ec tor s   ( Griswold,   1940;   Pearl,
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1948,   1951,   p.  9 8).   The   gypsum.   In terbedded   wi th   shale,   o c -

curs   in   the   R a l s t o n   C r e e k   f o r m at i on  e   Bed s   are   f r o m  an   inch  

to   a bo u t   fou r   feet   thick.   A l th o u g h   mu ch   of   the   g y p s u m   is   too  

i mp ure   for   m a k i n g   p l as te r s   and   cements,   it   is   sui t ab l e   for  

so i l   c o n d i t i o n i n g   and   si m ila r   us e s   wh e r e   some   i mp ur ity   can   be  

to le rat ed ,   A  m o d e r a t e   tonnage   of   this   impure   g y p s u m   is   a v a i l -

abl e   in   the   De v i l s   Head   q u a d r a n g l e ,

S i l i c a   Sand

V a n d e r w i l t   (1947,   p ,   262-264)   m e n t i o n s   the   o c cu rr e nc e   of  

be ds   of   sandstone,   in   the   D a k o t a   and   the   Bykins   f o r m a t i o n s ,  

s u it ab l e   for   use   as   m o l d i n g   sand   or   for   m a k i n g   gl as s  »   Some   of  

this   san ds ton e   has   b e e n   qu a r r i e d   Just   n or t h   of   the   De v il s   Head  

q u a d r a n g l e »   Possibly,   s imi la r   s ui ta ble   s a nds to ne   beds   could  

be   found   in   the   D a k o t a   f o r m a t i o n   w i t h i n   the   quadra ng le,   though  

t h ere   is   i n s u f f i c i e n t   de ma nd   for   this   m a t e r i a l   to   w a r r a n t   d e -

v e l o p m e n t   at   the   p re s en t   time*

G e m   Stones

G e m   stones,   i n c l u di n g   topaz,   amazonite,   and   smok y   quartz,  

ha ve   b e e n   p r od uc ed   for   m a n y   ye ars   f r o m  va r iou s   pe g m a t i t e s   in  

the   D e vi ls   Head   quad ra ngl e,   e s p e c i a l l y   f r o m   the   c l a i m  n o w  

held   by   the   C o l o r a d o   M i n e r a l   S o c i e t y   Just   s o u th w es t   of   De vi l s  

Head  »   Pe rh a ps   the   largest   w e l l - f o r m e d   and   w e l l - p r e s e r v e d  

topaz   c ry st a l   e v e r   found   in   N o rt h   A m e r i c a   came   f r o m   this   d e -

posit.   ( Pearl,   1 9 5 15  p.   95)•   A l t h o u g h   the   mi ne   w a s   w o r k e d
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out   in  1 9 3 4,   ( Arthur   M o n t g o m e r y 5   ora l   c o m m u n i c a t i o n ) ,   topaz  

f r a gm e nt s   are   sti l l   to   be   found   in   the   du m p   ma te ria l,   Gems  

and   sp eci m en s   w o r t h   a   fe w   hundre d   do ll ar s   are   taken   f r o m   this  

and   othe r   n e a r b y   p e g ma t it e s   every   ye ar   ( Kelly   and   others,   1955>  

p,   270|   1956,   p,   28l),   D i l i g e n t   s ea rch   w ou ld   doub tle ss   lead  

to   the   d i s c o v e r y   of   other   g e m - s t o n e   d e po si t s   in   this   area,  

a l t h o u g h   the   size   and   value   of   such   p r ob a bl e   di sco v er i es   is  

m o r e   suited   to   the   m i n e r a l   c o l l e ct o r   than   to   the   mi ne r,

li me sto ne

S m a l l   a mo un t s   of   l im es to ne   f r o m   the   G l e n n o n   and   the   Tim-  

pas   li m es to n es   h av e   b e e n   q ua rr ied   in   this   vi ci nit y.   The   l i m e -

stone   has   b e e n   used   as   a  m e t a l l u r g i c a l   fl u x   and   has   b e e n  

bu rn ed   for   lime   and   plaster.   Ho   li mestone   was   be i n g   produced  

in   the   ar e a   d u r i n g   i9 6 0.   B e c a u s e   the   a r e a   of   lim estone   o u t -

cr op   in   the   D e v i l s   Head   qu a dr a n g l e   is   small,   it   Is   u n l i k e l y  

that   m o re   th a n   s ma l l   am oun ts   can   be   p r o d u c e d .

F e l d s p a r

S e v e r a l   th ou san d   tons   of   f e ld sp a r   has   b e e n   pr od uc ed   f r o m  

a   n u m b e r   of   p e g m a t i t e s   in   the   De vi ls   Head   q u a d r a n g l e3  no   mines  

are   n o w   ope ra ti n g.   Th e   last   rec orded   p r o d u c t i o n   was   2 1 0   tons  

f r o m   the   T h r e e   M u s k e t e e r s   mi n e   in   1956   ( Kelly,   Kerns,   and  

Parker,   1956,   p.   28l).   S e v e r a l   of   these   p e g m a t i t e s   still  

c o n t a i n   feldspar,   m o s t l y   p i n k   m i c r o c l i n e   w i t h   some   w hi te   to  

p i n k   albitej   it   is   i r r e g u l a r l y   mixed   wi t h   pods   of   quartz,   ahd
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c o n s i d er a bl e   hand   c ob b i n g   wo u ld   be   required   be f or e   any   rock  

mi ned   could   be   shipped   and   sold.   Many   small   pe g ma t it e s   were  

seen   du ri ng   this   study,   but   no   l a r g e ,   u n e x p l o i t e d   pe gm ati te s  

we r e   enc ountered,   and   it   seems   un l ik e ly   that   n e w   min es   can   be  

o p e n e d .

E a r l y   in   1959*   I n t e r n a t i o n a l   Mi n era ls   and   C h e m i c a l   Corp. ,  

the   only   c u s t o m  g r i n d e r   of   fe l dsp ar   in   Colorado,   closed   its  

pl ant   at   D e n v e r .   It   is   probable,   therefore,   that   un l es s   g r e a t -

ly   I nc re ase d   dema nd   for   f e l d s p a r   occurs   in   the   future,   no  

m o r e   p r o d u c t i o n  w i l l   be   m a d e   f r o m   this   area.

R a d i o a c t i v e   and   Rare   E a r t h   M i n e ra l s

E a k i n s   (1886)   des c ri b ed   all ani te   and   g a d o l i n i t e   f r o m  

D e v i l s   Head,   and   H i l l e b r a n d   (1888)   reported   on   s a m a r s k i te   and  

o y r t o l lt e   f r o m   the   same   locality.   Allanite,   a   ub i qu i t o u s   a c -

c e ss o r y   m i n e r a l   in   the   granite,   occurs   as   tiny   ve in l et s   in  

pla ces.   Ve in s   of   a l la n it e   u p   to   six   Inches   w i d e   have   be en  

found   ne ar   Conifer,   Colorado,   alt h ou g h   non e   wer e   see n   in   the  

D e v i l s   He ad   q u a d r a n g l e .   A   small   pe gm at it e   p r os p ec t   just   no rth  

of   the   D e v i l s   Hea d   ca mp   gr ou nd   contain s   tiny   scat ter ed   c r y s -

tals   of   b l a c k   r a d i o a c t i v e   m i n e r a l s3  sa ma rs kit e   and   f e r g u s o n -  

ite   have   b e e n   ide nt ifi ed   (J .   D.   Whitman,   oral   co mmu n ic a ti o n) .

In   the   C a l i f o r n i a   peg matite,   trace   amo un ts   of   a   ra d io a ct i ve  

mineral,   p r o b a b l y   samarskite,   we r e   f o u n d .   In   none   of   these  

o c c u rr e nc e s   in   the   D e v il s   Head   q u ad r an g le   is   there   any   s i g n i -

ficant   q u a n t i t y   of   rare   earth s   or   ra dio a ct i ve   elements,   and
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no   p r o d u c t i o n   could   be   m a d e   ev en   as   a   by -p r od u ct .   Chanc es   of  

fin di ng   other,   larger   deposits,   are   c on s ide re d   remote.

Stone

B e s i d e s   the   lim es to n e   d isc us sed   above,   other   va r ie t ie s   of  

stone   In   the   D ev i l s   Head   qu ad r a n g l e   ha ve   p o t e n t i a l   or   a c tu a l  

v a l u e .

The   Pikes   P e a k   g r a n i t e   has   be en   qua rr ie d   locally   on   a   very  

sma ll   scale.   The   g r a n i t e   Is   too   co a rs e ly   g r a n u l a r   to   be   d e -

sirab le   as   a   m o n u m e n t a l   stone,   and   Its   rapid   w e a t h e r i n g   prob ̂  

ably   p r e c l u d e s   e x t en s iv e   use   as   a  b u i l d i n g   stone   a l t ho u gh   It  

has   b e e n   so   used   In   the   past   ( Lakes,   1905b).   Mu c h   of   the   g r a n -

ite   at   the   surfa ce   Is   h i g h l y   d e co m po s ed   and   friable,   but   large  

q u a n t i t i e s   of   sound   ro c k   are   a v ai l ab l e   should   demand   arise.

S a n d s t o n e s   f r o m   the   L a r a m i e ,   F o x   Hills,   Dakota,   Lyons,   and  

F o u n t a i n   f or m at i o n s   ha v e   b e e n   qu a r ri e d   in   the   F o o t h i l l s   r e -

g i o n   ( Lakes,  1 9 0 1 ) 3  t ho ugh   w i t h   the   e x c e p t i o n   of   a   f ew   q u a r -

ries   in   the   Dakota,   no   q ua r r i e s   have   o p er a te d   in   the   D ev ils  

He ad   vi ci ni t y.   The   c u rr e n t   l a c k   of   demand   for   d i m e n s i o n   stone  

and   o t her   v a r i e ti e s   m i l i t a t e s   ag ai n s t   q u a r r y i n g   operations,  

a l t h o u g h   there   are   d ep o s i t s   of   all   these   stones   in   the   area.

The   Lyons   sa n ds t on e   in   this   a r e a   ap pears   to   lack   the   f l a g g i -

ness   that   has   su sta i ne d   a   demand   for   it   in   other   places.

Cr us h ed   stone   for   road   m e t a l   and   sim ilar   c o n s t r u c t i o n   uses  

has   b e e n   p r o d uc e d   f r o m   two   q ua rr ies   at   the   n o r t h e r n   end   of   the



T - 9 0 1 1 2 0

D e v i l s   Head   qu adr a ng l e.   Only   one   of   these   is   stil l   o p e r a t i n g .  

The   gr a n i t e   at   these   qu a rr i e s   has   b e e n   we a t h e r e d   and   d i s i n -

tegr at ed   n e a r l y   or   c o m p l e t e l y   to   grus   ( Stokes   and   Varnes,   1955,  

p.  6 8),   and   can   be   d ug   and   loaded   by   b u l l d o z e r   or   p ow er  

sh o ve l   w i t h o u t   bl as tin g.   The   deposits,   r an g in g   up   to   50   feet  

in   depth,   extend   for   a   fe w   hun dr ed   feet   ho ri z on t al l y.   Other  

ar eas   of   d e e p l y   w e a t h e r e d   gr ani te   or   grus   are   knownj   re serves  

of   this   m a t e r i a l   are   l a r g e .

The   D a w s o n   arkos e   has   b e e n   qu a rri ed   on   a   s m al l   scale  

a l o n g   the   J a c k s o n   C r e e k   road   and   elsewhere,   a l th o ug h   n o   p r o -

d u c t i o n  wa s   ma de   d u r i n g   the   period   of   this   study.   In   places  

this   f o r m a t i o n   is   soft   and   friable   so   that   it   m ay   be   d ug   by  

po w e r   sh o ve l   or   b u l l d o z e r   w i t h o u t   bl as t i ng .   This   material,  

in   large   reserves,   could   be   used   w i t h   little   trea tm ent   as  

ag g r e g a t e   in   va ri o us   f o r m s .

Lead   and   Zinc  
%

In   secs.  8  and   17,   T.   S. ,   R.  6 8  W. ,   the   Pikes   Pe ak  

g r a n i t e   is   cut   by   a   n u m b e r   of   m i n e r a l i z e d   veins   that   trend  

abou t   N   10° ¥   and   di p   65°¥.   The   veins   range   in   w i d t h   f r o m  

6  inch es   to  2  feet,   w i t h   m u c h   p i n c h i n g   and   swe lling!   the  

a v er a g e   w i d t h   is   less   than   a   f o o t .

The   v e ins   c o n t a i n   b re c c i a t e d   g r an i te   and   q u a r t z   w i t h   a  

f i l l i n g   of   w h it e   qu ar t z  ;   w h it e   barite,   purple,   p a l e - g r e e n   and  

c o l o r l e s s - t o - w h i t e   fluorite,   and   scattered   flecks   of   g a l e n a
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and   r o s in -c o lo r ed   s p h a l e r i t e •   G a l e n a   is   al t e r i n g   to   a n g l e -  

site   and   c e r u s s i t e •   One   vei n   con ta ins   abunda nt   g r a y   chert  

and   n u m e ro u s   b r e c c i a   fr ag men ts   of   d a r k - g r e e n   al ter ed   dia base  

d i ke   rook.   C r us ti fie at io n*   comb   structure,   and   s ma ll   vugs  

i n d i ca t e   pro ba b le   open   space   f i l l i n g   u n d e r   m e s o t h e r m a l   to  

e p i t h e r m a l   con di tio ns *

W e a t h e r e d   g r an i t e   debri s   covers   the   slope   and   ma ke s   it  

i m po s s i b l e   to   trace   the   veins   continu ous ly .   Se v e n   veins   we r e  

recog ni zed   and   others   m a y   be   con cealed   b e ne a t h   the   slope   wash.  

The   length   of   the   m i n e r a l i z e d   are a   is   about   half   a   mile,   but  

i n d i v i d u a l   veins   could   be   traced   only   a   few   tens   of   feet.

The   veins   are   bel ie v ed   to   be   of   Ter ti a ry   age,   be ca u s e  

of   the   b r e c c i a  fragment  of   d ia ba se   dike   found   in   one   of   t h e m  

and   b ec a us e   mu c h   of   the   m i n e r a l i z a t i o n   of   the   F r o nt   R an ge   is  

of   that   age   ( L e ve r in g   and   Goddard,   1950).

C o n s i d e r a b l e   e x p l o r a t i o n  w as   done   on   the   dep o si t   ma n y  

y e ar s   ag o, bu t   it   is   d o u b t f u l   that   any   ore   w a s   pro duced.   Mo  

r e f e re nc e   to   any   b a s e - m e t a l   p r o d u c t i o n   f r o m   an yw he re   in   D o u g -

las   C o u n t y   could   be   found   in   the   literat ur e.   W o r k i n g s   c o n -

sist   of   two   caved   adits,   two   inclined   shafts   that   are   n o w  

caved   and   filled   to   w i t h i n   40   and  2 0  feet   of   the   collars,  

and   a   n um b e r   of   p r o sp e ct   pits.   A   little   p r o s p e c t i n g   has   b e e n  

done   here   in   rece nt   years,   b ut   no   evi de n ce   of   cur rent   a c t i v i -

ty   wa s   seen   in   i9 6 0,   and   no   c l a i m  n ot i ce s   could   be   found.

A l t h o u g h   lead   and   zinc   ore   m i g h t   be   e nc o u n t e r e d   at   dep th
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or   u n d e r   cover   at   this   locality,   the   n a r r o w   veins   and   s p a r s e -

n e s s   of   me ta l l i c   m i n e r a l s   offer   little   e n c o u r a g e m e n t   to   p r o s -

pe cting.
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