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ABST RACT

The Rio Grande r i f t  i s  a w e l l - d e f i n e d  t e c t o n i c  f e a t u r e  

which dominates the n o r t h - s o u t h  s t r u c t u r a l  e lements o f  c e n t r a l  

New Mexico and extends nor thward i n t o  s o u t h - c e n t r a l  Co lo rado .

The San Lu is  Basin c o n s t i t u t e s  the major  s t r u c t u r a l  e lement  o f  

t h i s  nor thward  e x t e n s i o n .  A complete Bouguer g r a v i t y  anomaly 

map o f  the San Luis  Bas in ,  based on about  550.0 g r a v i t y  s t a t i o n s ,  

shows the  bas in  to  c o n s i s t  o f  two n o r t h - n o r t h w e s t  t r e n d i n g  

grabens separa ted by a c e n t r a l  and p a r a l l e l  h o r s t .  These f e a ­

t u r e s  are bounded by f a u l t s  or  f a u l t  zones seve ra l  k i l o m e t e r s  

wide.  Th icknesses o f  Cenozoic sediments occupy ing  the bas in 

de termined f rom g r a v i t y  measurement and es t i m a t e d  o r  measured 

average rock d e n s i t i e s ,  are t y p i c a l l y  about  1 km and reach a 

maximum o f  2 .9 km (9500 f t )  im me d i a t e l y  southwest  o f  Cres tone ,  

Co lorado.  Th i s  maximum i s  s u b s t a n t i a l l y  l e s s  than e s t i m a t e s  

f rom p r e v io u s  surveys and suggests t h a t  t he  San Lu is  Basin i s  

no t  a t y p i c a l ,  but  i n s t e a d  t y p i c a l  i n  depth f o r  bas ins a s s o c ia te d  

w i t h  the  Rio Grande r i f t .  A broad g r a v i t y  h igh can be d i s t i n ­

guished f rom t h a t  caused by the  i n t r a g r a b e n  h o r s t  and may 

i n d i c a t e  the presence o f  an upper c r u s t a l  i n t r u s i v e  mass be­

neath the  c e n t r a l  and western p o r t i o n s  o f  the San Lu is  Bas in .  

Th i s  i n f e r r e d  i n t r u s i o n  occurs  in an area o f  h igh measured heat  

f l o w  and may be c a u s a l l y  r e l a t e d .  F i n a l l y ,  a p o s i t i v e  c o r r e l a ­

t i o n  seems to e x i s t  between the ea s te rn  boundary f a u l t ( s )  o f  

the c e n t r a l  h o r s t  w i t h i n  the San Lu is  Basin and the Pecos- 

P i c u r i s  f a u l t  as mapped by S u th e r la nd  (1963,  1972) and M a l l o r y

i i i
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(1960,  1972) .  Th i s  c o r r e l a t i o n  suggests the presence o f  a 

zone o f  c r u s t a l  weakness i n  t h i s  p o r t i o n  o f  t he  Nor th Ameri 

p l a t e  which may have i n f l u e n c e d  the  development  o f  the Rio 

Grande r i f t  and the San Lu is  Bas in .

i v
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INTRODUCTION

Bryan (193 8) ,  who co ined the term "Rio Grande d ep res ­

s io n "  to  d e s c r i b e  the s t r u c t u r a l  e lement  th rough  which the Rio 

Grande f l o w e d ,  i n c lu d e d  the San Lu is  Basin as a p a r t  o f  t h i s  

e l on ga te  f e a t u r e .  F o r t y  years  l a t e r ,  the Rio Grande r i f t  

( F i g .  1) i s  recogn ized  as the s t r u c t u r a l  f e a t u r e  which has 

dominated the l a t e  Cenozoic t e c t o n i c s  o f  s o u t h - c e n t r a l  Colorado 

and c e n t r a l  New Mexico.  I t  extends southward f rom L e a d v i l l e ,  

Co lo rado ,  a t  l e a s t  as f a r  as El Paso, Texas (Chapin ,  1971).

The San Lu is  Basin c o n s t i t u t e s  the major  s t r u c t u r a l  

e lement  o f  the Rio Grande r i f t  i n  Co lo rado .  A l though  i t s  s u r f i -  

c i a l  p h y s i o g r a p h i c  boundar ies  are w e l l  d e f i n e d ,  i t s  subsu r face  

c o n f i g u r a t i o n  i s  i n c o m p l e t e l y  known. A l a c k  o f  deep o i l  and 

gas e x p l o r a t i o n  has hampered g e o l o g i c a l  s t u d i e s  o f  the s u b s u r ­

face s t r u c t u r e ,  w h i l e  o n l y  t h r e e  p u b l i c a l l y  a v a i l a b l e  g e o p h y s i ­

cal  s t u d i e s  have been completed i n  the a rea .  A g r a v i t y  s tudy  

conducted by Gaca and Kar ig  (1965) produced e a r t h  models f o r  

p r o f i l e s  across the v a l l e y  a t  v a r io u s  p o i n t s ,  but  t h e i r  e f f o r t s  

were hampered by the l a ck  o f  t o p o g r a p h ic  mapping i n  the area 

a t  sca les  g r e a t e r  than 1 :250 ,000 .  A se i sm ic  r e f l e c t i o n  s tudy  

by Stoughton (1977) p rov id ed  se i sm ic  r e f l e c t i o n  p r o f i l e s  in 

the ext reme n o r t h e r n  and e a s t - c e n t r a l  p o r t i o n s  o f  the basin 

and a r e s i s t i v i t y  survey by Ares tad (1977) has o u t l i n e d  some 

p o t e n t i a l  geothermal  energy s i t e s  i n  the same a^eas.  However,  

these two surveys are l i m i t e d  in  t h e i r  a rea l  e x t e n t  and have
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3

not  d e a l t  w i t h  the remainder  o f  the bas in .  An aeromagnet i c  

map o f  Colorado ( Z i e t z  and K i r b y ,  J r . ,  1972) has been produced 

and shows the genera l  s t r u c t u r a l  g r a i n  o f  the  basement rocks 

i n  the s tudy  a r ea ,  but  due to  wide f l i g h t - l i n e  spac ing does 

not  l end i t s e l f  t o  a d e t a i l e d  s t r u c t u r a l  and subsu r face  a n a l y ­

s i s  o f  t he  bas in .  Thus,  a comprehensive understand! 'ng o f  the 

subsu r face  s t r u c t u r e  i n  the San Lu is  Basin and how i t  r e l a t e s  

to  the remainder  o f  the Rio Grande r i f t  i s  no t  a v a i l a b l e .

The purpose o f  t h i s  s tudy  i s  to p r e s e n t  the r e s u l t s  o f  

a d e t a i l e d  g r a v i t y  s tudy conducted i n  the San Lu is  Basin and 

su r ro u n d in g  r e g i o n s .  By examining the Bouguer anomaly map and 

e a r t h  models produced u t i l i z i n g  these d a ta ,  the subsur face  

s t r u c t u r e  o f  the bas in and i t s  r e l a t i o n s h i p  to  a d ja c e n t  areas 

has been ana lyzed .  I t  i s  hoped t h a t  these r e s u l t s  w i l l  

f u r t h e r  our  un de rs t an d in g  o f  t h i s  p o r t i o n  o f  the Rio Grande 

r i f t .
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LOCATION AND PREVIOUS WORK

The San Luis Basin i s  an e lo n g a te  i n te rm o n ta n e  v a l l e y  

l o c a t e d  i n  s o u t h - c e n t r a l  Colorado and ext reme n o r t h e r n  New 

Mexico.  S t r e t c h i n g  a p p r o x im a t e l y  240 k i l o m e t e r s  (km) in  a 

n o r t h - s o u t h  d i r e c t i o n ,  i t  i s  bordered on the  west  by the San 

Juan and Tusas Mountains and on the east  by the Sangre de 

C r i s t o  Mounta ins .  Ex tend ing southward f rom Poncha Pass, the 

v a l l e y  i s  on l y  10-12 km w ide ,  but  widens to  a p p r o x i m a t e l y  70 km 

near Alamosa ( F i g .  2 ) .  The v a l l e y  f l o o r ,  a l t h o u g h  appear ing  

r e l a t i v e l y  f l a t ,  i s  b u i l t  f rom the coa lescence o f  a l l u v i a l  

fans s l o p i n g  g e n t l y  outwards f rom the mountain f l a n k s  towards 

the  c e n t e r  o f  the v a l l e y .  F i f t e e n  k i l o m e t e r s  south o f  Alamosa,  

t h i s  s l o p i n g  t e r r a i n  i s  broken by the San Lu is  H i l l s ,  a s e r i e s  

o f  f l a t - t o p p e d ,  l o w - l y i n g  v o l c a n i c  h i l l s  ex te nd in g  along a 

n o r t h - s o u t h  t r e n d  to  the Colorado-New Mexico b o rd e r .  Geograph­

i c a l l y  the v a l l e y  has been a r b i t r a r i l y  d e f i n e d  as t e r m i n a t i n g  

15 m i le s  south o f  the s t a t e  l i n e  ( S i e b e n t h a l ,  1910) .  Upson 

(1939) however has noted t h a t  t he v a l l e y  i s  no t  a g e o l o g i c a l  

e n t i t y  unto i t s e l f  and i n s t e a d  merges southward i n t o  the Taos 

P l a t e a u ,  an idea which has wide acceptance.  K e l l e y  (1956) ,  

meanwhi le ,  has extended the San Lu is  V a l l e y  to  i n c l u d e  the Taos 

P la teau and g i ves  i t s  southe rn  t e r m i n a t i o n  as the Embudo con ­

s t r i c t i o n  near  Santa Fe.

I n i t i a l  r e p o r t s  on the  geology o f  t he San Lu is  V a l l e y  

and the  su r rou nd in g  mountains were made by Hayden (1869) and 

E n d l i c h  (1877) .  A more d e t a i l e d  account  o f  i t s  geo logy and

4
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V a l l e y ,  Colorado-New Mexico ( m o d i f i e d  f rom 
Upson, 1939)
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6

g e o lo g i c  h i s t o r y  was made by S ie b e n th a l  (1910) .  Upson (1939) 

d e f i n e d  f i v e  p h y s i o g r a p h ic  p rov in c e s  in  the v a l l e y  ( F i g .  2) and 

d e s c r ib e d  t h e i r  t o p o g ra p h ic  and s u r f i c i a l  g e o l o g i c  f e a t u r e s .

The Cenozoic d e p o s i t s  o f  the v a l l e y  were de sc r i be d  i n d i r e c t l y  

by Bryan (1938) i n  h i s  d e s c r i p t i o n  o f  the Santa Fe Format ion 

o f  the Rio Grande r i f t  a rea .  Powel l  (1958) d e s c r ib e d  these 

f o r m a t i o n s  in g r e a t e r  d e t a i l  and gave d e s c r i p t i o n s  f rom logs 

o f  w e l l s  d r i l l e d  i n  the v a l l e y .  B a l t z  (1965) a l so  desc r ibed  

the Cenozoic f a u l t i n g  and s e d im e n ta t i o n  in the n o r t h e r n  p o r ­

t i o n  o f  the San Lu is  V a l l e y .  Several  s t u d i e s  o f  the t e c t o n i c  

h i s t o r y  o f  the v a l l e y  and the n o r t h e r n  Rio Grande r i f t  in 

genera l  have been completed ( B r i d w e l l ,  1976; K e l l e y ,  1952,

1956; Chapin,  1971; Chapin and Seager ,  1975; Knepper and 

Maars,  1971; Knepper,  1975; and o t h e r s ) .

The San Lu is  H i l l s  have been d i scussed b r i e f l y  by v a r ­

ious  a u t h o r s ,  i n c l u d i n g  Atwood and Mather  ( 193 2) ,  Upson (1939) ,  

and Larsen and Cross (19 5 6 ) ,  w h i l e  a more complete a n a l y s i s  o f  

the area has been presented by Burroughs (1971) .

Numerous f i e l d  s t u d i e s  have been completed conce rn ing  

the geo logy o f  the Sangre de C r i s t o  Mountains (Burbank and 

Goddard,  1 937 ; Gableman, 1951; L i t s e y ,  1 958 ; DeVoto e t  al  . , 

1971; and o t h e r s ) .  In a d d i t i o n ,  a number o f  unpub l i shed  

theses by s tu d e n ts  o f  the Colorado School o f  Mines have d e a l t  

w i t h  the  p e r p l e x i n g  geology o f  the n o r t h e r n  p o r t i o n  o f  the 

range.
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A host  o f  s t u d ie s  have been completed conce rn ing  the 

geology and geochemis t r y  o f  the  San Juan Mountains and the 

v o l c a n i c  s e r i e s  exposed t h e r e i n .  These i n c l u d e  Atwood and 

M a th e r ' s  (1932) d i s c u s s i o n  o f  t he  Qua te rnary  phys iog raphy  and 

ge o lo g y ,  and Larsen and Cross '  (1956) s tudy  o f  the complex 

p re - Q u a t e rn a r y  geo logy and p e t r o l o g y ,  e s p e c i a l l y  t h a t  o f  the 

Cenozoic v o l c a n i c  s e r i e s .  Lipman and o t h e rs  (1970,  1978) ,  

t hrough the  use o f  K-Ar d a t i n g  and Pb and Sr i s o t o p e  s t u d i e s ,  

r e s p e c t i v e l y , have s tu d i e d  the v o l c a n i c  h i s t o r y  o f  the reg i on  

and have p o s t u l a t e d  a p e t r o l o g i c  e v o l u t i o n  o f  t h i s  v o l c a n i c  

s u i t e .  The r e s u l t s  o f  a g r a v i t y  survey  per formed in the 

reg i on  by P l o u f f  and Pak is e r  (1971) have i n d i c a t e d  the  p o s s i ­

b le  presence o f  a n e a r - s u r f a c e  b a t h o l i t h  beneath the San Juan 

v o l c a n i c  p i l e ,  a t h e o r y  which has gained much su ppor t  in 

r e c en t  ye a rs .
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GEOLOGIC HISTORY AND TECTONIC SETTING 

Precambr i  an

The Precambr ian h i s t o r y  o f  the San Lu is  V a l l e y ,  a l ­

though i n c o m p l e t e l y  known, i s  a p p a r e n t l y  complex.  The e n t i r e  

west f l a n k  o f  the Sangre de C r i s t o  Range in  Colorado and 

n o r t h e r n  New Mexico,  as w e l l  as p o r t i o n s  o f  the Wet Mountains 

and the  Tusas Mountains are composed o f  Precambr ian ro c k s .  

Examinat ion  o f  these exposures suggests the f o l l o w i n g  r a t h e r  

s i m p l i f i e d  g e o lo g i c  h i s t o r y .  Numerous sed imenta ry  sequences 

o f  p robab le  e a r l y  Precambr ian age were t e c t o n i c a l l y  deformed 

and i n t e n s e l y  metamorphosed d u r i n g  midd le  Precambr ian t ime i n t o  

f o ld e d  sequences o f  g n e i s s i c  and s c h i s t o s e  metasediments.

These,  i n  t u r n ,  were i n t r u d e d  by midd le  to  l a t e  Precambr ian 

(Hedge, 1972) p lu t o n s  o f  s i l i c i c  and i n t e r m e d i a t e  com pos i t i o ns  

which were p rob ab ly  o r o g e n i c a l l y  emplaced.  A l though  ev idence 

o f  u p l i f t  accompanying t h i s  supposed o r og e n ic  a c t i v i t y  i s  

s k e t c h y ,  depths o f  e r o s i o n  i n  the l a r g e r  p l u t o n i c  bodies do 

i n d i c a t e  e x t e n s i v e  e r o s i o n  (Boyer ,  1962) and t h e r e f o r e  u p l i f t .  

A l s o ,  n o n c o n f o r m i t i e s  are found to occur  between the Precam­

b r ia n  c r y s t a l l i n e  basement and the o v e r l y i n g  Pa leozo ic  rocks 

( L i t s e y ,  1958) .  S u th e r la nd  (1972) has documented a p p ro x i m a te ­

l y  23 km o f  Precambr ian-age r i g h t  l a t e r a l  s t r i k e  s l i p  movement 

on the P e c o s - P ic u r i s  f a u l t  in  n o r t h e r n  Mew Mexico.  In f a c t ,  

numerous f a u l t s  which border  the p rese n t  Precambr ian exposures 

have been suggested to  have been t e c t o n i c a l l y  a c t i v e  d u r i n g  

Precambr ian t ime (Tweto,  1975).

8
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9

E a r l y  and Midd le  Pa leozo ic

At the c lo se  o f  the Precambr ian era the s tudy area was 

a p a r t  o f  a broad,  r e l a t i v e l y  s t a b l e ,  p o s i t i v e  e lement  known 

as the T r a n s c o n t i n e n t a l  Arch wh ich ,  i n  Co lo rado,  was composed 

o f  two h i g h l a n d s ,  S io u x ia  and S i e r r a  Grande, b i s e c t e d  by a 

sh a l l o w  t r o u g h ,  t he  Colorado Sag ( F i g .  3 ) .  P re -Pennsy l van ian  

se d im e n t a t i o n  was c o n t r o l l e d  by t h i s  t e c t o n i c  f e a t u r e .  Re la ­

t i v e l y  u n i f o rm  accumula t i ons  o f  c l e a r - w a t e r  carbona te  rocks 

and c lean quar t zose sandstones separa ted by d i s c o n f o r m i t i e s  

i n d i c a t e  t h a t  e p e i r o g e n i c  events caused t r a n s g r e s s i o n  and r e ­

g r e s s io n  o f  the eas te rn  and western  e p e i r i c  seas across the 

area and accompanying p e r i od s  o f  e r o s i o n .  The absence o f  

S i l u r i a n  rocks i n  the area i s  p ro b a b ly  due to one such p e r i od  

o f  widespread e r o s i o n  d u r i n g  l a t e  S i l u r i a n  to  m idd le  Devonian 

t ime (Haun and Kent ,  1965) r a t h e r  than to  n o n d e p o s i t i o n  ( F i g .  

4 ) .  The best  p r e s e r v a t i o n  o f  p re -P e n n sy l v a n ia n  s t r a t a  i n  the 

s tudy area i s  i n  the Kerber  Creek reg i on  o f  the n o r t h e r n  San 

Juan Mountains where t h i c kn e ss e s  o f  the s e c t i o n  average between 

200 and 350 meters (Knepper and Maars,  1971) ,  and in the 

n o r t h e r n  Sangre de C r i s t o  Range where v a r y in g  th i c k n e s s e s  o f  

the same o r d e r  are observed ( L i t s e y ,  1958) .  These two areas 

were l o c a t e d  i n  a s h a l l o w  t r o u g h ,  the Colorado Sag ( F i g .  3 ) ,  

which p r ob a b ly  r e ce i v ed  t h i c k e r  accumu la t i ons  o f  these p re -  

Pennsy l van ian  sed imen ts .  Broad r e g i o n a l  u p l i f t  and widespread 

e r o s i o n  occu r red  th ro u g h o u t  the s tudy  area a t  t he  end o f  l a t e  

M i s s i s s i p p i  an t ime and con t i nued  i n t o  the e a r l y  Pennsy l van ian .
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SIOUXiA

O ENVER

COLORADO
STUDY _  
AREA P  P

F igu re  3. General  o u t l i n e  o f  e a r l y  Pa leo zo ic  h ig h l an d  
areas i n  Colorado ( m o d i f i e d  f rom Berg,  1960)
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AGE UNIT THICKNESS 
( IN  FEET)

RECENT & Alamo's a Fm. 0-5000?
1 so PLEISTOCENE S e r v i l l e t a  B a s a l t 0-1000?

PLIOCENE Santa Fe Fm. 0-5000?

a n d / o r H i n s d a l e  B a s a l t 0-1000?

o Los Pinos Gravel 0-1300?
o MIOCENE D e v i l s  Hole Fm. 25-1300
o
z

ac
<. V o l c a n i c s  o f  the

LU
h - 0LI60CENE San Juan Mts.
C£
UJ F a r i s i t a  Cong. 0-1200

EOCENE Huerfano  Fm. 0-2000
Cuchara Fm. 0-5000

PALEOCENE Poison Canyon Fm. 0-2500
Raton Fm. 0-1700

Vermejo Fm. 200-550
T r i  n idad  S s . 0-300

P i e r r e  Sh. 0-2300
N i o b r a r a  Fm. 500-630

L K 1 1AU t UU5 C a r l i s l e  S h . 165-235
O Greenhorn  Lm. 30-80

o Graneros  Sh. 185-380
<n
UJ Dakota Ss. 100-150

P u r g a t o i r e  Fm. 1 15-195
M o r r i s o n  Fm. 200-400

JURASSIC R a l s t o n  Creek Fm. 50-100

Ent rada  Ss. 0-100

TRIASSIC Oockum Group 0-800

PERMIAN Sangre de C r i s t o  Fm. 6300-9500
Whiskey Creek Pass Fm. 150-300

PENNSYLVANIAN M i n t u r n  Fm. 2000-5500

o Sh a rp sd a le  Fm. 900-1200

o Ke rber  Fm. 100-300
o MISSISSIPPIAN L e a d v i 11e Lm. 210-330

< DEVONIAN C h a f f e e  Fm. 95-185
Fremont  Fm. 230-300

ORDOVICIAN H ard in g  Ss. 60-116
Ma n i tou  Fm. 90-225

CAMBRIAN Sawatch Q t z t . 0-20
PRECAMBRIAN

F igure  4. Genera l i zed s t r a t i  g r aph ic  column f o r  south 
c e n t r a l  Colorado
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Pennsy lvan ian  and Permian

Orogenic a c t i v i t y  m an i fes te d  i t s e l f  i n  Pennsy lvan ian  

and Permian t ime  in the c e n t r a l  Un i ted  S ta tes  w i t h  the v ig o r ou s  

u p l i f t  o f  the An c e s t r a l  Rocky Mounta ins .  In c e n t r a l  Co lo rado ,  

these mountains c o n s i s t e d  o f  two n o r t h w e s t - s o u t h e a s t  t r e n d i n g  

h ig h l an ds  known as the F ron t  Range H igh land  and the Uncompahgre 

H ig h la nd .  These u p l i f t s  were separa ted by a narrow d e p o s i t i o n -  

al  b a s i n ,  the Cen t ra l  Colorado Trough,  a f e a t u r e  which has a l so  

been d e s c r i be d  as a graben (DeVoto and Pee l ,  1968) .  The s tudy 

area was l o c a t e d  on the eas te rn  f l a n k  o f  the Uncompahgre H i gh ­

land and was c leaved in  two by i t s  so u t h e a s t e r n  boundary ,  the 

P e c o s - P i c u r i s  f a u l t  ( F i g .  5 ) .

A m i x t u r e  o f  f l u v i a l  sediments g rad in g  upward i n t o  

s h a l l o w - w a t e r  carbona tes dominated i n i t i a l  se d im en ta t i o n  in the 

Cen t ra l  Colorado Trough.  By Atokan t i m e ,  pronounced u p l i f t  o f  

t he Uncompahgre High land r e s u l t e d  in the  exposure o f  the P re ­

cambr ian c r y s t a l l i n e  basement and the widespread d e p o s i t i o n  o f  

red a r k o s i c  a l l u v i a l  d e p o s i t s  w i t h i n  the Cen t ra l  Colorado 

Trough (DeVoto and Peel ,  1972) .  R e l i e f  on t h i s  Pennsy l van ian 

u p l i f t  may have been as g r e a t  as 3 km ( M a l l o r y ,  1972) .  Late 

Pennsy lvan ian  d e p o s i t s  were l a r g e l y  i n f l u e n c e d  by t h i s  e a r l i e r  

f a u l t i n g ,  w i t h  th i c k n e s s e s  v a r y i n g  l a t e r a l l y  a long the  t r o u g h .  

Rocks o f  t h i s  age i n d i c a t e  a s h a l l o w  c o a s t a l  p l a i n  env i ronment  

(DeVoto et_ a_l_. , 1971).

Renewed u p l i f t  o f  the Uncompahgre H igh land  in  e a r l y  

Permian t ime  d r a s t i c a l l y  changed s e d im e n t a t i o n  i n  the a d ja c e n t
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STUDY AREA

38'

C O IOBAPO 
NEW MEXICO

P E C O S -P IC U R IS  FAULT
36

c -an pra l  o u t l i n e  of  maj or  P e n n s y l v a n i a n  and
F ,9ure  5 - Permian h ighland areas in  Colorado
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bas in .  Rapid e r o s i o n  o f  the r i s i n g  Precambr ian m a s s i f  d e v e l ­

oped t h i c k  d e p o s i t s  o f  c o n t i n e n t a l  a r k o s i c  sandstones and 

cong lomera tes .  Repeated movements along the  bounding f a u l t ( s )  

t r i g g e r e d  p e r i o d s  o f  v i go rou s  e ro s i on  o f  the up land ,  t he reby  

i m p a r t i n g  a c y c l i c  c h a r a c t e r  to  the d e p o s i t s .  De fo rma t ion  o f  

t h i s  na t u re  co n t i n ue d  u n t i l  l a t e  Permian t ime when the b a s in s ,  

f i l l e d  w i t h  d e t r i t u s ,  encroached on the a d ja c e n t  u p l i f t s  and 

reduced t h e i r  t o p o g r a p h i c  r e l i e f  (DeVoto and Pee l ,  1968) .  In 

a l l ,  an average o f  4500 meters o f  Pennsy1 vanian and Permian 

sediments were de po s i ted  i n  the Cen t ra l  Colorado Trough.

Mesozoi c

Rocks o f  Mesozoic age do not  occur  in  the San Luis 

V a l l e y .  However,  t he presence o f  a t h i c k  Mesozoic s e c t i o n  i n  

the n e ig h b o r in g  Raton Basin and the San Juan Moun ta ins ,  as 

we l l  as s c a t t e r e d  ou tc rops  i n  the southe rn  Wet Mountains and 

c e n t r a l  Sangre de C r i s t o  Range ( B a l t z ,  1965) ,  i n d i c a t e  t h a t  

Mesozoic sediments once covered the s tudy area but  have been 

removed by widespread e ro s io n  a ss o c ia t e d  w i t h  u p l i f t  o f  the 

re g i on  d u r i n g  the  l a t e  C r e t a c e o u s - e a r l y  T e r t i a r y  l a ramide  

orogeny (Knepper and Maars,  1971) .

At  t he c lo se  o f  Permian t i m e ,  the o n c e - t o w e r in g  u p l i f t s  

o f  the A n c e s t r a l  Rocky Mountains e x i s t e d  o n l y  as e r o s i o n s !  

remnants .  Regional  s t r a t i g r a p h i c  ev idence suppor t s  the  e x i s t ­

ence o f  these remnants u n t i l  l a t e  J u r a s s i c  t ime when Mor r i son  

age,  c o n t i n e n t a l  f l u v i a l  sediments f i n a l l y  bu r i ed  them ( O r i e l
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