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NEW MEXICO GEOLOGICAL SOCIETY * THIRD FIELD CONFERENCE * RIO GRANDE COUNTRY 

TECTONICS OF THE RIO GRANDE DEPRESSION OF 
CENTRAL NEW MEXICO 

by 
Vincent C. Kelley 

Introduction 

The Rio Grande depression is the structurally or physiographically 

low area that constitutes the valley through which the Rio 

Grande flows. The depression extends southward for 450 miles 

from the head of the San Luis Valley in Colorado through the 

length of New Mexico to near El Paso, Texas. Only about one-

half of the total length, or area, extending from a short distance 

north of Santa Fe, New Mexico, to the vicinity of Truth or Conse-

quences, New Mexico, is considered here. This is the most 

intensely studied part of the depression, although within this 

area there are large parts which are only generally known either 

stratigraphically or structurally. 

From a tectonic point of view it is impractical to consider the 

depression of a trough or trench without also a consideration of 

the rims. In fact, many of the conclusions regarding the actual 

depression are derived from data obtained in the bordering 

uplifts, tablelands, or platforms. Therefore, in the descriptions 

and discussions which follow, the borders will be considered as 

parts of the depression. In consequence, the width of the total 

structure, including the bordering uplifts, is often twice that of 

the intervening depression. 

The Rio Grande depression is not a single graben or trough, but a 

series of north-trending grabens arranged in echelon north-

northeasterly along the course of the Rio Grande. This series of 

linked basins is in turn a part of the New Mexico or Southern 

Rocky Mountain belt, which is somewhat greater in width and length 

than the depression. Thus, in northern New Mexico the Rio Grande 

depression is only the central part of a wider belt which includes 

several uplifts and smaller basins. In the Albuquerque basin, near 

the center of the Rio Grande depression, the belt is only 45 to 50 

miles in width and comprises the entire Rocky Mountains. The 

fault belt, including the depression and the bordering uplifts, is 

bounded on the west by the essentially underformed Colorado 

Plateau and on the east by the broadly tilted Great Plains. In 

southern New Mexico, the Rio Grande depression lies in a belt of 

fault blocks about 150 miles in width between the plateau and 

plains provinces. From north to south the in echelon basins of the Rio 

Grande depression are as follows: 

 

 

 

 

1.  San Luis  

2.  Espanola 
3.  Santo Domingo 

4.  Albuquerque 
5.  San Marcial 
6.  En g l e  

7.  Palomas 

The San Luis basin will not be described here. The others 

are considered below with brief comments on the late Tertiary 

and early Quaternary geomorphic history. 

Espanola Basin 
The Espanola basin, which lies northwest of Santa Fe, is an 

irregular part of the Rio Grande depression 40 to 50 miles long and 

18 to 40 miles wide as shown on the accompanying map. However, 

it is a generally north-trending basin which is bounded on the east 

by the Sangre de Cristo uplift, on the west by the Jemez uplift, 

on the north by the Embudo constriction, and the south by the La 

Bajada constriction. 

The northern boundary is taken arbitrarily along the irregular 
Embudo constriction where pre-Cambrian fault blocks or buried 

hills rise above the Tertiary sediments of the Cerro Azul 
structural channel between the Espanola and San Luis basins. 

The principal structural channel and linkage of the Espanola and 
San Luis basin lies between the Ojo Caliente and Picuris 

prongs. At the north end of the Espanola basin, just south of the 
Embudo constriction, 

the depression widens greatly, and the Abiquiu and Penasco 

embayrnents are recognized as sub-basin. These embayments 

attest to the irregular nature of the bounding faults between the 

uplifts and the basin, although in part they are the result of 

overlap of Tertiary sediments in sectors of former great erosion 

and deposition. The La Bajada constriction, which bounds the 

basin on the south, is formed 

by the La Bajada fault zone which separates the Santo Domingo 

basin from the Cerrillos uplift and the White Rock channel. The 
Cerrillos uplift consists of Mesozoic and early Tertiary 

sediments and middle Tertiary volcanic rocks intruded by 
several porphyry masses. The connecting structure between the 

Espanola and the Santo Domingo basins is the White Rock 

channel. This linkage between the two basins lies between the 
buried northern end of the Cerrillos uplift and a small salient at 

the southeastern edge of the Jemez uplift. 

The eastern margin of the Espanola basin is well marked by the 

resistant Sangre de Cristo escarpment which rises abruptly from 

the softer Tertiary strata of the basin. 
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T h e  S an g r e  d e  C r i s t o  u p l i f t  i s  t h e  l a r g e s t  a n d  l o n g e s t  i n  

N e w  M e x i c o .  I t  i s  a b o u t  1 9 0  m i l e s  l o n g  a n d  b o r d e r s  t h e  

R i o  G r ande  d ep r e s s i o n  on  t h e  e a s t  f r om  nea r  S an t a  F e  on  

the  sou th  t o  the  no r the rn  te rm ina t i on  o f  bo th  s t ruc tu res  a t  

the Sawatch upl i f t  some 90 mi les  north of  the New Mexico-

Co l o r ado  l i n e .  The  r o c k s  o f  t he  up l i f t  a r e  a lmos t  en t i r e l y  

e i t he r  p r e -Cambr i an  o r  Pennsy l v an i an .  The se  have  been  

c o m p l e x l y  f o l d e d ,  o v e r t h r u s t  e a s tw a r d ,  a n d  o f f s e t  a l o n g  

l a rge  tea r  f au l t s  du r ing  in tense  La ramide  de fo rmat ion  

(C .  12 . .  Read ,  o ra l  commun ica t i on ) .  The  p resen t  wes te rn  

f a u l t  s c a r p  i s ,  h o w e v e r ,  c a u s e d  b y  l a t e  T e r t i a r y  h i g h -

ang le  f au l t s ,  tha t  a re  i n  eche lon  o r  saw- too th  i n  t he i r  

a r rangement  (Cabot ,  1938 ,  pp .  97-104) .  Unfau l ted t i l t ed  

e r o s i o na l  c on t a c t s  a ppea r  t o  e x i s t  i n  many  p l a c e s  a l o ng  

the eastern  boundary  o f  the  bas in  and in  the  P icur i s  em-

bayment  (op.  c i t . ) .  

T h e  w e s t  e s c a r p m e n t  i s  l e s s  w e l l  m a r k e d ,  a n d  t h e  

f au l t s  be tween  the  bas in  and  the  Jemez  up l i f t  a re  no t  

immed ia te l y  obv ious  ow ing  to  the  th i c k  b l anke t  o f  P l e i s -

t o c e n e  B a n d e l i e r  r h y o l i t e  t u f f  a l o n g  t h e  w e s t e r n  f l a n k s  

o f  t h e  J e m ez  M o u n t a i n s .  Th e  f a u l t  z o n e  r e s p o n s i b l e  f o r  

t h e  p r om i nen t  L o s  A l amos  f a u l t  s c a r p  h a s  b r ough t  e a r l y  

and  m idd le  Te r t i a ry  rocks  o f  t he  up l i f t  i n to  jux tapos i t i on  

w i t h  l a t e  T e r t i a r y .  S an t a  F e  r o c k s  a t  ma ny  p l a c e s  a l o ng  

t he  eas t e rn  base  o f  t he  J emez  up l i f t .  

T h e  r o c k s  o f  t h e  E s p a n o l a  b a s i n  a r e  p r e d o m i n a n t l y  

t h o s e  o f  t h e  S a n t a  F e  f o rm a t i o n ,  a n d  t h e  e x p o s u r e s  i n  

t h i s  a r ea  a r e  t yp i c a l  o f  t he  depos i t s  wh i ch  appea r  t o  be  

ve r y  cha r a c t e r i s t i c  o f  t he  e n t i r e  R i o  G r ande  dep re s s i on .  

A l l  a l ong  t he  ea s t e r n  ha l f  o f  t he  E spano l a  ba s i n  t he  S an t a  

Fe  i s  t i l t e d  wes twa rd  5  t o  10  deg rees  a l ong  the  Sang re  

de  C r i s t o  f au l t  s ca rp ,  and  i t  a ppea r s  t ha t  t he  en t i r e  wes t -

e r n  t i l t  o f  t he  San t a  Fe  on  t he  ea s t  s i d e  o f  t he  E spano l a  

ba s i n  i s  due  t o  l a t e  and  po s t - San t a  Fe  movemen t  on  t he  

f au l t .  S eve r a l  l a r ge  pa t che s  o f  San t a  Fe  s and  and  g r a ve l  

o ccu r  on  benches  a long  the  Sangre  de  C r i s to  esca rpment  

s e v e r a l  h u n d r e d  f e e t  a b o v e  t h e  g e n e r a l  s u r f a c e  o f  t h e  

bas in .  

Nea r  t he  cou r s e  o f  t he  R i o  G r ande ,  wh i ch  r ough l y  c o -

i n c i de s  w i th  the  ax i s  o f  t he  ba s i n ,  t he  San ta  Fe  beds  be -

c o m e  n e a r l y  h o r i z on t a l .  T h e  m o s t  w e s t e r l y  e x p o s u r e s  o f  

t he  San ta  Fe  a re  f ound  in  the  bo t toms  o f  you th fu l  canyons  

cu t  i n t o  t he  Pa j a r i t o  P l a t e au  a l ong  t he  wes t  ba se  o f  t he  

Jemez  up l i f t ,  and  the re  the  San ta  Fe  gene ra l l y  has  a  l ow  

e a s t e r l y  d i p .  T h u s ,  t h e  S a n t a  F e  h a s  a - b r o a d  s y n c l i n a l  

s t ruc tu re  ac ross  the  bas i n .  Some  o f  th i s  s t ru c tu re  i s  de -

pos i t i ona l  bu t  s ome  o f  i t ,  e spe c i a l l y  on  t he  eas t  s i de ,  i s  

t e c t o n i c .  C a bo t  ( 1 9 3 8 ,  p .  9 3 )  a n d  D e n n y  ( 1 9 4 0 ,  p .  6 8 9 )  

h a v e  s t a t e d  t h a t  S an t a  F e  m a t e r i a l s  w e r e  d e r i v e d  f r o m  

the  Sangre  de  Cr i s to  up l i f t  and  Smi th  (1938 ,  p .  956)  has   

c onc l uded  tha t  t he  Jemez  up l i f t  wa s  no t  i n  ex i s t ence  o r  

a c t i v e  du r i ng  San t a  Fe  t ime .  I n  t h i s  t hey  we re  m i s t a ken ,  

f o r  the  San ta  Fe  a round  the  Jemez  up l i f t  con ta i ns  an  

a bundan ce  o f  r o c k  f r a gmen t s  o f  J emez  p r o venan ce  and  

l i t t l e  m a t e r i a l  f r o m  t h e  S a ng r e  d e  C r i s t o  a n d  n o r t h e r n  

areas .  I t  i s  apparent  that  the  cent ra l  d ra inage l ine  o f  the 

b a s i n ,  wh i c h  s h i f t e d  i n t e rm i t t e n t l y  d u r i n g  S an t a  F e  t ime  

i n  a c c o r d a n c e  w i t h  v a r i a t i o n s  i n  t h e  i n f l u x  o f  m a t e r i a l s  

and  t i l t i ng  o f  t he  subs i d i ng  f loo r ,  de te rm ined  the  sepa ra -

t i o n  a s  we l l  a s  i n t e r t o ngu i ng  o f  t h e  e a s t  a nd  we s t  f a d e s  

o f  the  format ion .  

Some  py r o c l a s t i c ,  a s  we l l  a s  s ed imen t a r y  vo l c an i c  

ma te r i a l s ,  o c c u r  i n  t he  wes t e rn  f a c i e s  o f  t he  San t a  Fe ,  

and  these  i nd i ca te  vo l can i c  a c t i v i t y  i n  t he  Jemez  up l i f t  

du r ing  San ta  Fe  t ime .  Fu r the rmore ,  t he  gene ra l  coa r se -

ne s s  o f  t he  wes t e rn  San t a  Fe  ma t e r i a l s  i n d i c a t e s  t he  

p resence  o f  an  up l i f t  i n  the  Jemez  a rea  du r i ng  much  o f  

S a n t a  F e  t i m e .  I n  c o n s e q u en c e ,  i t  a p p e a r s  t h a t  t h e  

E spano l a  ba s i n  r e cu r r en t l y  s ub s i ded  w i t h  r e f e r ence  t o  

t he  ad jo in ing  up l i f t s  th roughout  San ta  Fe  t ime;  

i n s tead  of  be ing downthrown ent i re ly  by a  s ing le  shor t  

tec ton ic  even t  wh ich  came 7 the  end  o f  San ta  Fe  t ime .  

The  end  o f  San ta  Fe  t ime appears  to  be  marked  by  a  l ong  

per iod  

o f  qu iescence ,  wh i ch  a l lowed w idespread  beve l l i ng  o f  the  

de f o rmed  s t r a t a ,  e spec i a l l y  a l ong  t h e  ea s t e rn  s i d e .  

The  l a t e  C eno zo i c  s t r u c t u r a l  a nd  g eomo r ph i c  h i s t o r y  

o f  t h e  E s p a n o l a  b a s i n  i s  u n u s u a l l y  w e l l  r e v e a l e d  a l o n g  

t h e  L a  B a j a da  c on s t r i c t i o n .  Mu ch  o f  t h e  ph y s i o g r aph i c  

express ion  o f  the  Espanola  bas in  i s  due to  the  numerous  

v o l c an i c  e r up t i o n s  wh i c h  began  i n  l a t e  S an t a  F e  t ime  i n  

t h e  Ce r r o s  d e l  R i o  j u s t  e a s t  o f  t h e  R i o  G r ande .  The  t i l t -

i n g  and  beve l l i n g  o f  t he  San ta  Fe  beds  a l ong  the  ma rg i n s  

o f  t h e  b a s i n  b e g a n  a n d  we r e  l a r g e l y  d e v e l o p e d  b e f o r e  

t h e s e  e r u p t i o n s .  A l o n g  t h e  R i o  G r a n d e  w h e r e  m a n y  o f  

t h e s e  e r u p t i o n s - o c c u r r e d ,  c h a n n e l s  i n  t i l t e d  S a n t a  F e  

s t r a t a  a r e  f i l l e d  b y  b a s a l t  f l o w s .  E l s e whe r e ,  a w a y  f r om  

t he  ma i n  channe l ,  t he  f l ows  a r e  i n t e r bedded  w i t h  s ed i -

m e n t s  o f  S a n t a  F e  t y p e .  N o r t h  o f  t h e  l a v a  f l o w s  l a k e  

c l a ys  t e rmed  t he  Cu l eb ra  l a ke  c l a y  (Ke l l e y ,  1948 ,  p .  6 )  

a ccumu la ted  in  the  impounded  wate r s ;  and  some o f  t he  

l avas  wh i ch  poured  in to  the  l ake  fo rm,  w i th  the  c lay ,  sub-

a q u e o u s  pu d d i n g s t on e  a n d  p i l l ow  s t r u c t u r e .  I n  a d d i t i o n ,  

a t  a bou t  t h e  e nd  o f  S an t a  F e  t ime  and  g ene r a l l y  p r i o r  t o  

t he  basa l t i c  e rup t i on s ,  r enewed  up l i f t  o f  t he  Jemez  b l o c k  

c a u s e d  t h e  s p r e a d i n g  o f  a l l u v i a l  f a n s  ( P u y e  g r a v e l )  o v e r  

t he  s l i gh t l y  d e f o rmed  ea r l i e r  San t a  Fe  b eds  a s  f a r  e a s t  

a s  t h e  R i o  G r a n d e .  V o l c a n i c  a c t i v i t y  a l s o  o c c u r r e d  i n  

t he  Jemez  up l i f t  du r ing  Puye  t ime ,  as  i s  i nd i ca ted  by  the  

l e n s e s  a n d  t h i n  b e d s  o f  p y r o c l a s t i c  p u m i c e  w i t h i n  t h e  

Puye gravel. 
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Fo l l ow i ng  t he  sp r ead i ng  o f  t he  Pu ye  g r a ve l  and  mos t  

o f  t he  ba sa l t i c  e r up t i on s  o f  t he  Ce r r o s  d e l  R i o ,  t he  La  

Ba jada  f au l t  zone ,  wh i ch  may  have  been  i n i t i a t ed  i n  P l i o -

c e n e  o r  e a r l i e r  t i m e ,  a ga i n  b e c a m e  a c t i v e  a n d  g a v e  r i s e  

t o  t h e  p r e s en t  L a  B a j a d a  e s c a r p m e n t .  L a t e  b a s a l t  d i k e s  

w e r e  a l s o  i n j e c t e d  a l o n g  t h e  f a u l t  i n  s o m e  p l a c e s .  T h e  

R i o  G r a n d e  f l o w e d  o u t  o f  t h e  l a k e  w e s t  o f  i t s  p r e s e n t  

c h a n n e l ,  a n d  a r o u n d  t h e  l o b e s  o f  b a s a l t ,  a n d  o v e r  t h e  

r i s i n g  L a  B a j a d a  e s c a r p m e n t .  A f t e r  s o m e  d i s s e c t i o n  b y  

the  r i ve r  o f  the  e levated  esca rpment  had  occur red ,  g rea t  

e r up t i o n s  o f  r h y o l i t e  t u f f  f r om  t h e  J emez  up l i f t  e ngu l f e d  

t h e  r i v e r  a nd  f i l l e d  i t s  c h anne l s  c omp l e t e l y .  T he  a r e a  

o f  t he  g rea t  rh yo l i t i c  e r up t i on  t hen  co l l ap sed  to  f o rm  t he  

J emez  c a l de ra .  Some  s l i gh t  r i s e  o f  t he  e s ca rpmen t  appea r s  

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

r hyo l i t e  t u f f ,  a s  t h i s  f o rma t i on  i s  b r oad l y  downwa rped  

over  the  weste rn  end  o f  the  esca rpment  near  the  Jemez 

u p l i f t .  T h e  R i o  G r a n d e ,  f o r c e d  e a s tw a r d  a g a i n  t o  n e a r  

i t s  channe l  o f  l a te  San ta  Fe  t ime ,  cu t  down  dur ing  l a te  

P le i s tocene  and  Recent  t ime,  and  deve loped  the  p resent  

g o r g e  o f  Wh i t e  Ro c k  Canyo n .  The  L a  B a j a da  e s c a r pmen t  

i s  the  most  p rominent  s t ruc tu ra l  fea tu re  tha t  c rosses  the  

R io  G rande  dep res s i on  a l ong  i t s  l eng th .  I t s  deve lopment  

had a profound effect upon the earl ier formed geomorphic 

f ea tu res  i n  t he  a rea .  

B r y a n  ( 1 9 3 8 ) ,  i n  a c c o u n t s  o f  t h e  e r o s i o n a l  s u r f a c e s  o f  

t he  Espano l a  and  San to  Domingo  a rea ,  desc r i bed  . . a  h i gh  

su r fa ce  wh i ch  he  te rmed  the  Or t i z  su r face  f r om i t s  deve l -

opment  around the Or t i z  Mounta ins .  Th is  sur face  i s  wide ly  

deve loped  a round  Santa  Fe  and  nor thward in  the  Espano la  

b a s i n .  I n  t h e  S a n t a  F e  a r e a  a n d  i n  t h e  Ce r r o s  d e l  R i o  o f  

t h e  L a  B a j a d a  c o n s t r i c t i o n  t h e  O r t i z  s u r f a c e  h a s  c u t  

a c ros s  t i l t e d  San ta  Fe  beds  and  ha s  been  cove red  by  l a t e r  

s and  and  g r a ve l  ( Ancha  f o rma t i on )  a s  we l l  a s  l a va  f l ows  

o f  t h e  Ce r r o s  d e l  R i o  c en t e r s .  We s t  o f  t h e  R i o  G r ande  

a long  the  Pa ja r i to  P l a t eau  the  Or t i z  ho r i zon  l i e s  benea th  

the  Puye  g rave l ,  wh i ch  i s  i n  p laces  seve ra l  hund red  fee t  

thick. 

Santo Domingo Basin 

T h e  S an t o  D om i n g o  b a s i n  i s  a  s m a l l  f e a t u r e  w h i c h  c an  

be cons idered separate ly  as  i s  done here,  or  cou ld  be d i s -

cu s sed  a s  an  embaymen t  o f  t he  A l buque r que  ba s i n .  I t s  

s e pa r a t i o n  f r om  t h e  E s pan o l a  b a s i n  o n  t h e  no r t h ea s t  i s  

sha rp l y  de f i ned  by  t he  La  Ba jada  e sca rpmen t .  I t s  sepa ra -

t ion f rom the A lbuquerque bas in on the southwest  i s  more 

ph y s i o g r aph i c  t h an  s t r u c t u r a l .  Howeve r ,  a t  t h e  s ou t h e r n  

e n d  a  s m a l l  p r o n g  o f  M e s o z o i c  r o c k s  c l e a r l y  s e p a r a t e s  

the. Albuquerque basin from the Hagan embayment. To 

t h e  we s t  o f  t h e  R i o  G r ande ,  b a s a l t  f l ow s  i n  t h e  v i c i n i t y  

o f  San  Fe l i pe  and  on  San ta  Ana  Mesa  a re  b r oken  by  a  

 

s y s t em  o f  p a r a l l e l  sma l l  f a u l t s  wh i c h  e x t e nd  s ou t hwa r d  

f rom  the  Jemez  up l i f t .  These  may  be  t aken  a s  the  s t r uc -

tura l  d iv ide between the Santo  Domingo and A lbuquerque 

bas i n s .  The  s ca rp s  o f  t hese  f au l t s  a re  we l l  p re se rved  i n  

b a s a l t  f i e l d s ,  b u t  a r e  o b l i t e r a t e d  i n  t h e  w e a k  S a n t a  F e  

o r  t e r r a ce  g r a ve l s .  I t  s eems  l i k e l y ,  howeve r  t ha t  s im i l a r  

la te fau l ts  are widespread but  wi th l i t t le  or  no sur fac ex-

p r e s s i on  i n  s e ve r a l  o f  t he  b a s i n s .  

The  su r f a ce  upon  wh i ch  t he  ba sa l t  f l ows  we re  e rup ted  

h a s  b een  c o r r e l a t e d  b y  B r y an  w i t h  t h e  O r t i z  s u r f a c e .  I t  

i s  a l s o  t r a c eab l e  t o  t he  su r f a ce  a t  t he  ba se  o f  t he  La  

Ba jada  es ca rpmen t ,  wh i ch  B ryan  has  ca l l ed  the  La  Ba jada  

s u r f a c e .  H o w e v e r ,  t h e  L a  B a j a d a  s u r f a c e  i s  t h e  O r t i z  

s u r f a c e ,  w h i c h  w a s  d r o p p e d  a l o n g  L a  B a j a d a  f a u l t  a n d  

t h e n  b u r i e d  t o  s o m e  e x t e n t  b y  m a t e r i a l  w a s h e d  i n  f r o m  

above the fau l t  and by mater ia l  brought  in  by R io Ga l i s teo.  

No r t h e a s t  o f  t h e  L a  B a j a d a  e s c a r p m e n t  t h e  O r t i z  s u r f a c e  

ha s  been  g r ea t l y  e r oded  bu t  on l y  s l i gh t l y  wa rped  s i n ce  

i t s  d e v e l o p me n t .  S ou t h we s t  o f  L a  B a j a d a ,  h o w e v e r ,  t h e  

R i o  G r a n d e  d e p r e s s i o n  h a s  b e e n  s h a r p l y  l o w e r e d  a l o n g  

L a  B a j a d a  f a u l t  a s  w e l l  a s  a l o n g  a  s y n c l i n e  w h i c h  i s  

mo r e  o r  l e s s  p a r a l l e l  t o  t he  R i o  G r ande .  The s e  r e l a t i o n -

sh ips  a re  shown  ra the r  obscure l y  i n  the  d i s sec ted  su r fa ce  

ea s t  o f  t he  r i v e r  bu t  s t r i k i ng l y  i n  t he  ba sa l t - c apped  s u r -  
face  o f  Santa  Ana  Mesa  where  lavas  wh ich  o r ig ina l l y  f l owed  

we s twa r d  f r om  t h e i r  c one s  a r e  n ow  t i l t e d  e a s twa r d  t o wa r d  

t h e  a x i s  o f  d o w n w a r p .  I t  i s  p o s s i b l e  t h a t  t h e s e  d o w n -

wa rp ing  movemen t s  wh i ch  we re  i n i t i a t ed  i n  po s t -Or t i z  

t ime  may  be  s t i l l  c on t i nu i ng  a l ong  t h e  R i o  G r ande .  A l -

t hough  t h e  R i o  G rande  may  have  depos i t ed  ma te r i a l  f o r  

a  t ime  a l o ng  t h e  p o s t -O r t i z  s a g  i n  t h e  S an t o  Dom i ngo  

bas i n ,  i n  Recen t  t ime  i t  has  b reached  the  sag  t o  a  dep th  

o f  abou t  300  f ee t .  I n  the  p roce ss  l ow  s t r eam te r r aces  •  

h a v e  b e e n  f o r m e d  a n d  t h e s e  h a v e  b e e n  t e r m e d  P e n a  

B l a n c a  o r  Co ch i t i  b y  B r y an  and  h i s  c o -wo r k e r s .  

T h e  s u r f a c e  r o c k s  o f  t h e  S a n t o  D o m i n g o  b a s i n  a r e  

en t i r e l y  Cenozo i c  and  a r e  ch i e f l y  t he  P l i o cene  San ta  Fe  

f o r m a t i o n .  A s  i n  t h e  E s p a n o l a  b a s i n  t h e  b e d s  w e s t  o f  

t h e  R i o  G r a n de  a r e  r i c h  i n  a l l u v i a l  a n d  p y r o c l a s t i c  v o l -

c a n i c  m a t e r i a l s .  I n  t h e  H ag a n  e m b a y m en t  t h e  S a n t a  F e  

beds  a re  t i l t ed  5  t o  25  deg rees  ea s t -no r thea s te r l y .  A l ong  

the Jemez upl i f t  the beds are t i l ted 5 to 15 degrees south-

s o u t h we s t e r l y ,  a n d  i n  t h e  c e n t e r  o f  t h e  b a s i n  t h e y  a r e  

s l i g h t l y  d e f o r m e d  b e n e a t h  t h e  Qu a t e r n a r y  e r o s i o n  s u r -

faces. 

Albuquerque Basin 

The Albuquerque basin is the largest of the ser ies that 

make  up  the  R io  Grande  depress ion .  I t  e x tends  f o r  90  
m i l e s  f r om  La  Ba jada  e s ca rpmen t  and  t he  J emez  up l i f t  
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on  the  nor th  to  the  San  Acac ia  const r i c t i on  on  the  sou th .  

T h e  b a s i n  i s  b o u n d e d  b y  t h e  S an d i a -M an z a no  u p l i f t  o n  

t h e  e a s t  a n d  t h e  P u e r c o  p l a t f o r m ,  L u c e r o  u p l i f t ,  a n d  

Lad ron  up l i f t  on  t he  wes t .  - In  consequence ,  i t  has  a  

l ength  o f  abou t  90  m i l es  and  a  w id th  o f  30  m i l e s .  As  w i th  

t h e  E s p a n o l a  b a s i n ,  t h e  w e s t e r n  b o u n d i n g  s t r u c t u r e s  o f  

t he  A l buque r que  ba s i n  a r e  gene r a l l y  l ow  a s  c ompa red  t o  

t h e  e a s t e r n  up l i f t s .  A t  t h e  n o r t h w e s t e r n  c o r n e r  o f  t h e  

b a s i n  a  sma l l  p a r t  o f  t h e  Na c im i en t o  up l i f t  f o rms  t h e  

bounda ry  be tween  the  Jemez  up l i f t  and  Pue r co  p l a t f o rm .  

T h e  P u e r c o  p l a t f o r m  i s  a  l o w  a n d  m u c h  f a u l t e d  s e c t i o n  

some  40  m i l es  i n  l ength  and  4  to  15  m i l e s  i n  w id th .  The  

nume rous  f au l t s  a r e  o f  no r t h -no r t hea s t e r l y  t r end  and  

t e r m i n a t e  i n  e c h e l o n  o n  a  r e m a r k a b l y  e v e n  l i n e  a g a i n s t  

t h e  u n d e f o r m e d  m a r g i n  o f  t h e  C o l o r a d o  P l a t e a u .  T h e  

p r i n c i pa l  f au l t s  on  wh i ch  t h e  ba s i n  wa s  d ep r e s sed  a d j a -

cen t  to  the  Pue r co  p la t fo rm a re  a long  the  eas te rn  s ide  o f  

t h e  b e l t .  T h e  f a u l t s  t o  t h e  w e s t  a r e  m os t l y  d o w n t h r ow n  

t o  the  wes t  even  though  the  beds  i n vo l ved  d i p  gene ra l l y  

eas t .  

A l o ng  t h e  s t r u c t u r a l l y  h i g he s t  p a r t  o f  t h e  Pue r c o  p l a t -

f o rm the  p re -Cambr i an  su r fa ce  gene ra l l y  l i e s  a t  about  sea  

l e v e l ;  whe r e a s  i n  t h e  Lu c e r o  up l i f t  t o  t h e  s ou t h ,  i t  i s  a s  

m u c h  a s  5 , 5 0 0  f e e t  a b o v e  s e a  l e v e l .  I n  t h e  Na c i m i e n t o  

upl i f t  to  the north i t  is  roughly 7,000 feet  above sea leve l .  

Howeve r ,  a t  many  p l a ce s  i n  t he  ba s i n  t h e  p r e -Camb r i an  

su r f a ce  may  be  10 ,000  to  15 , 000  f ee t  be l ow sea  l e ve l .  

The  Luce ro  up l i f t  bounds  the  sou thwes te rn  s i de  o f  the  

A lbuquerque  bas in  be tween  U .  S .  H ighway 66  on  the  nor th  

t o  t he  Lad ron  up l i f t  on  t he  s ou th  f o r  a  d i s t an ce  o f  a bou t  

3 5  m i l e s .  I t  i s  a  s t r o n g l y  a s y m m e t r i c a l  d o m i c a l  u p l i f t ,  

the long western l imb of  which descends gradual ly  to the 

C o l o r a d o  P l a t e a u .  T h e  c r e s t  i s  s h a r p l y  f l e x e d  i n t o  a  

sho r t  and  s t eep  eas te rn  l imb  wh i ch  i s  t e rm ina ted  by  a  

w e s t w a r d - d i p p i n g  t h r u s t  o f  e a r l y  T e r t i a r y  a g e  a n d  b y  

h i gh -ang l e  f a u l t s  o f  l a t e  Te r t i a r y  age .  

The  Lad ron  up l i f t  a t  the  sou thwes te rn  marg in  o f  t he  

A l b u q u e r q u e  b a s i n  c o n s i s t s  l a r g e l y  o f  a  p r e - C a m b r i a n  

prong which ju ts  consp icuously  eastward into an area of  

Te r t i a r y ,  s ed imen t s .  A l t hough  i t  i s  on l y  a bou t  10  m i l e s  

f r om no r th  t o  sou th  and  6  m i l e s  eas t  t o  wes t ,  i t s  s t r u c -

tu ra l  e l eva t i on  i s  comparab l e  to  tha t  o f  the  g rea t  Sand i a  

a nd  Man zano  up l i f t s  wh i c h  b ound  t h e  e a s t  s i d e  o f  t h e .  

bas i n .  I n  f a c t  t he  s t r u c t u r a l  r e l i e f  o f  t h i s  f e a t u r e  i s  i n -

d eed  s i n gu l a r  i n  c ompa r i s on  w i t h  o t h e r  f e a t u r e s  a l o ng  

t he  wes t  s i d e  o f  t he  R i o  G r ande  dep re s s i on .  

The  ea s t  s i d e  o f  t he  A l buque rque  ba s i n  i s  bounded  by  

a  s e r i e s  o f  moun t a i n s  s ome  80  m i l e s  i n  l e ng th  wh i ch_  

e s sen t i a l l y  c ons t i t u t e  one  g r ea t  up l i f t .  F rom no r th  t o   

south  the  up l i f t  inc ludes  the  Sand ia ,  Manzan i ta ,  Manzano ,  

a n d  L o s  P i n o s  M o u n t a i n s .  G e n e r a l l y  s p e a k i n g ,  i t  i s  a  

s i n g l e  e a s t w a r d - t i l t e d  f a u l t  b l o c k ,  b u t  i t  i s  d i v i d e d  o r  

b r o k e n  i n t o  i t s  s e v e r a l  m ou n t a i n o u s  d i v i s i o n s  b y  c r o s s  

fau l ts  and other  s t ructura l  dev iat ions f rom the dominant ly  

s imp le  s t ruc tu re .  

The  S and i a  up l i f t ,  a bou t  18  m i l e s  i n  l e ng t h ,  i s  c a pped  

by  the  es sen t i a l l y  unbroken  r im o f  Pennsy l van ian  Magda-

l e na  l ime s t one  s t r a t a  wh i c h  d i p  1 0  t o  1 5  d eg r e e s  e a s t -

ward .  On  the  no r th  the  up l i f t  t e rm ina tes  i n  a  maze  o f  

c o m p l i c a t e d  h i g h - a n g l e  f a u l t s  o f  s e v e r a l  t r e n d s .  T h e  

eas te rn  d i p -s l ope  o f  the  mounta in s  i s  b roken  by  seve ra l  

l ong i t ud i na l  h i gh -ang l e  f au l t s  o f  sma l l  t h r ow .  The  sou th -

e r n  e n d  o f  t h e  m o u n t a i n s  i s  m a r k e d  b y  t h e  d i a g o n a l  

T i j e r a s  f a u l t  a l o n g  T i j e r a s  C a n y o n .  A t  t h e  e a s t e r n  b a s e  

o f  t h e  moun t a i n s  a  sma l l  wedge - s hape d  b l o c k  k now n  a s  

the  T i je ra s  coa l  bas in  has  been  cons i de rab l y  f o l ded  and 

d ropped  a l ong  the  T i j e ra s  f au l t .  The  p r e -Cambr i an  roc ks  

l i e  a s  much  a s  2 , 000  f ee t  be l ow  sea  l e ve l  i n  t he  T i j e r a s  

b a s i n ;  w h e r e a s  o n  t h e  S a n d i a  r i m  o n l y  4  m i l e s  t o  t h e  

we s t ,  t h e y  a r e  n ea r l y  1 0 , 0 00  f e e t  a bo ve  s e a  l e v e l .  T he  

throw on the great faul t at the western base of the Sandia 

Moun ta i ns  r anges  f rom 4 ,000  to  10 ,000  f ee t .  

S o u t h  o f  T i j e r a s  C a n y o n  t h e r e  i s  a  l o w  s e c t i o n  i n  t h e  

up l i f t  known as  the  Manzan i ta  Mounta ins .  In  these  moun-

t a i n s  t he  t op  o f  t he  p re -Cambr i an  i s  gene ra l l y  on l y  6 ,000  

t o  6 , 5 00  f e e t  a bo ve  s e a  l e v e l ,  a nd  t h e  up l i f t  a nd  t i l t i n g  

i s  r e l a t i v e l y  s l i g h t .  T h e  u p l i f t  i s  o n l y  8  t o  1 0  m i l e s  i n  

l e n g t h ;  a n d  i s  b o u n d e d  o n  t h e  s o u t h  b y  c r o s s  f a u l t s  

wh ich  separa te  i t  f rom the  more  e leva ted Manzano  Moun-

ta in s .  

The  Manzano  Moun ta i n s  a re  nea r l y  30  m i l e s  i n  l eng th ,  

and  have  been  up l i f t ed  a t  l eas t  4 ,000  to  10 ,000  fee t .  

The Manzano Mounta ins  are marked by a  prominent  mode-

ra te  to  h igh -ang le  fau l t ,  up th rus t  on  the  west ,  and  l y ing  

genera l l y  a  shor t  d i s tance  to  the  eas t  o f  the  c res t  o f  the  

r ange .  The  Manzano  Moun t a i n s  a r e  t e rm i na t ed  phy s i o -

g raph i ca l l y ,  r a the r  t han  s t ru c tu ra l l y ,  by  a  l ow  pass  a l ong  

Abo  Canyon  a t  t he  s ou th  e nd .  

The  Lo s  P i n o s  Moun t a i n s  a r e  a  s ou th e rn  s t r u c t u r a l  

ex tens i on  o f  the  Manzano  Moun ta i ns  and  the  h igh -ang le  

t h r u s t i ng  o f  t he  l a t t e r  c on t i nue s  a l ong  t he  l eng th  o f  t he  

Lo s  P i n o s  u p l i f t .  The  bu r i ed  f au l t  a l ong  wh i ch  t he  r ange  

was  up l i f t ed ex tends  southward  f rom the  Manzano  f ronta l  

f a u l t  a n d  p r ob a b l y  l i e s  v e r y  n e a r  t h e  we s t  b a s e  o f  t h e  

L o s  P i n o s  e s c a r p m e n t .  T h e  u p l i f t  t e r m i n a t e s  g r a d u a l l y  

t o  t he  sou th  i n  l ow  d i p s  wh i ch  descend  i n to  t he  no r the rn  

end  o f  the  Jo rnada  de l  Mue r to  depres s i on .  
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Joyita Hills Structures 

The  J o y i t a  H i l l s  a r e  a  no r t h - t r end i ng  up l i f t  wh i ch  l i e s  

a t  the  southern  end o f  the  A lbuquerque  bas in  a long  the  

m a r g i n  o f  t h e  S o c o r r o  c on s t r i c t i o n .  T he  s t r u c t u r e  i s  a  

l o w  f o l d  o r  a n t i c l i n a l  b e n d  w h i c h  i n t e r v e n e s  b e t w e e n  

t he  J o rnada  de l  Mue r t o  and  R i o  G rande  dep r e s s i on s .  

Th i s  l ow  f o l d  i s  i n t r i c a te l y  b roken  by  a  ne two rk  o f  sma l l  

h i g h - a n g l e  f a u l t s .  T h e  t h r u s t  f a u l t s  o f  t h e  L o s  P i n o s  

up l i f t  d i e  o u t  o r  p a s s  i n t o  y ounge r  n o rm a l  f a u l t s  i n  t he  

n o r t h  e n d  o f  t h e  J o y i t a  H i l l s .  A l t h o u g h  t h e  S an t a  F e  

f o rma t i on  i s  d own th rown  aga i n s t  t he  J oy i t a  s t r u c t u r e  i n  

m o s t  p l a c e s ,  t h e  u p p e r  b ed s  o v e r l a p  u po n  t h e  o l d e r  

s t r u c t u r e s  i n  o t h e r s .  A t  s e v e r a l  l o c a l i t i e s  a l o n g  t h e  

w e s t e r n  e d g e  o f  t h e  h i l l s  t h e  s t r u c t u r e  r i s e s  a b r u p t l y  

and  p re -Cambr i an  ro cks  a re  exposed  a l ong  t he  bound i ng  

f au l t  o f  t h e  R i o  G r ande  dep re s s i on .  

T h e  s e d i m en t s ' e x p o s e d  w i t h i n  t h e  A l b u qu e r q u e  b a s i n  

a r e  p r e d o m i n a n t l y  s a n d ,  s i l t ,  g r a v e l ,  a n d  c l a y  o f  t h e  

S a n t a  F e  f o rm a t i o n .  L o c a l l y  a l o n g  t h e  n o r t h w e s t  b o r d e r  

o f  t h e  b a s i n  n e a r  t h e  P u e r c o  p l a t f o r m  a l l u v i a l  v o l c a n i c  

r o c k s  o f  M i o c ene  age  a r e  f ound  a t  t he  s u r f a ce  wh i l e  t he  

e a s t  s i d e  o f  t h e  b a s e  o f  t h e  S a n d i a - L o s  P i n o s  u p l i f t  

there  are  outcrops  o f  rocks  that  range in  age f rom Penn-

s y l v a n i a n  t o  e a r l y  T e r t i a r y .  A  f e w  b a s a l t  f l o w s  a r e  

i n t e r c a l a t e d  i n  t h e  S a n t a  F e  a t  v a r i o u s  h o r i z o n s ,  a n d  

seve ra l  pos t -San ta  Fe  ex t rus i ve  bod i es  occu r  a s  i so l a ted  

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

t h e  b a s i n .  T he  S a n t a  F e  f o r m a t i o n  i s  v a r i o u s l y  t i l t e d  

t h r oughou t  t h e  b a s i n ,  b u t  i s  mo r e  d e f o r med  a l o ng  t h e  

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

b l o c k s  o f  S a n t a  F e  b e d s  i n  w h i c h  t h e  b e d s  a r e  t i l t e d  

n ea r l y  t o  t h e  v e r t i c a l  a nd  s t r i k e  f r om  pa r a l l e l  t o  n o rma l  

t o  t h e  b o r d e r s  a r e  p r e s en t .  A l o ng  t h e  we s t e r n  s i d e  n ea r  

t he  Luce ro  up l i f t ,  t he  ax i s  o f  a  l a rge  f o l d  t r ends  no r th -

w e s t e r l y .  Th e  f o l d  h a s  b e en  t e r m e d  t h e  Ga b a l d o n  a n t i -

c l i ne  by  Wr i gh t  ( 1946 ,  p .  4 -5 ) ,  and  has  nea r l y  5 , 000  f ee t  

o f  San t a  Fe  s t r a t a  e xposed  i n  i t s  wes t e rn  l imb  (Wr i gh t ,  

1946). 

I n  some  pa r t s  o f  the  A l buque rque  bas i n  seve ra l  t hou -

sand  fee t  o f  m idd le  and  ea r l y  Te r t i a r y  s t r a ta  may  l i e  be -

nea th  the  San ta  Fe ,  and  the  dep th  to  l a te  C re ta ceous  

pe t ro l i f e rous  s t ra ta  may  be  as  much  as  10 ,000  to  15 ,000  

f e e t .  E l s e w h e r e  i n  t h e  b a s i n  S a n t a  F e  s t r a t a  m a y  l i e  

d i r e c t l y  on  r o c k s  a s  o l d  a s  p r e -Cambr i an .  

Toward  the  end  o f  San ta  Fe  t ime  a  w idespread  e ros ion  

s u r f a c e  a ppea r s  t o  h a ve  d e ve l o ped  a c r o s s  t h e  A l b uque r -

q u e  b a s i n  a n d  i n t o  t h e  a d j o i n i n g  u p l i f t s .  R e m n a n t s  o f  

t h i s  su r f a ce  occu r  w i de l y  on  bo th  s i des  o f  t h e  R i o  G rande  

and  even  on  the  eas t  s i de  o f  the  Sand ia  up l i f t  whe re  i t  can 

be t raced more or  less  cont inuous ly  a round the nor th  e nd .  

T h i s  s u r f a c e  m a y  b e  c o r r e l a t e d  f o r  t h e  m o s t  p a r t  w i th  

the  Or t i z  su r fa ce  a s  desc r i bed  i n  the  Espano la  and  San to  

Dom ingo  ba s i n s .  The se  and  o t he r  s u r f a c e s ,  wh i ch  a re  

p robab l y  r ough l y  t ime  equ i va len ts ,  a re  a t  marked l y  

d i f f e r en t  a l t i t ude s  ow ing  t o  o r i g i n a l  d i f f e r en ce s  i n  r a t e  

o f  e ros ion ,  to  d i f fe rences  in  grad ients ,  and to  subsequent  

t i l t i n g  and  f a u l t i ng .  S t i l l  o t he r  and  gene r a l l y  l owe r  s u r -

f a c e s  a r e  u n do u b t e d l y  y o un g e r ,  b u t  t h e  c o r r e l a t i o n  o f  

t he se  l owe r  s u r f a ce s  ou t s i de  o f  t he  ba s i n  o r  e ven  w i t h i n  

t he  ba s i n  i s  v e r y  unce r t a i n .  

The  i n ne r  v a l l e y  o f  t h e  R i o  G r ande  i s  c o mmon l y  c on -

s i d e r e d  t o  b e  a  Q u a t e r n a r y  f e a t u r e ,  a n d  t h e  d i s s e c t e d  

s l ope s  a r e  u s ua l l y  be l i e ved  t o  be  unde r l a i n  b y  San t a  Fe  

b ed s .  Howe ve r ,  t h e  p i c t u r e  may  no t  b e  q u i t e  s o  s imp l e ,  

a s  o c c a s i o n a l  v e r t e b r a t e  r e m a i n s  a r e  f o u n d  i n  P l e i s t o -

c e n e  o r  e v e n  R e c e n t  b e d s  i n  t h e  l o w e r  s l o p e s  o f  t h e  

i nne r  va l l e y .  I t  appea r s  t h a t  t he  R i o  G r ande  may  ha ve  

r e pea t ed l y  c u t  a nd  f i l l e d  i t s  c h anne l  d u r i n g  Qua t e r n a r y  

t ime  in  a  manne r  no t  who l l y  un l i ke  t ha t  dep i c t ed  by  Lee  

(1907 ,  p .  20 ) .  Beds  o f  ra the r  con t ra s t i ng  age  may  l i e  i n  

obscu re  j ux tapos i t i on  a long  the  cen t ra l  pa r t  o f  t he  bas i n .  

A s  a  r e s u l t  o f  t h i s  p r o c e s s  i t  i s  o f t e n  d i f f i c u l t  t o  d i s -

t i ngu i s h  b e tween  ba sa l t  f l ows  i n t e r c a l a t e d  w i t h  San t a  

F e  b ed s  and  Qua t e r n a r y  b a s a l t  f l ows  i n  t h e  c ou r s e  o f  

t he  i nne r  va l l e y  wh i ch  have  been  subsequent l y  cove red  

by  Qua te rna ry  depos i t s  and  then  re -exposed . '  

Socorro Constriction 

The  Soco r ro  cons t r i c t i on  a s  de f i ned  he re  e x tends  abou t  

40  m i l e s  f r om the  San  Acac ia  channe l  on  the  no r th  t o  the  

San Marc ia!  bas in  on the  south .  South  o f  the  A lbuquerque 

ba s i n  t he r e  i s ,  i n  add i t i on  t o  a  p r onounc ed  na r r ow ing  o f  

the  R io  Grande  depress ion ,  a  marked  change  in  the  s t ruc -

t u r a l  a l i n emen t  o f  t h e  b o r d e r i n g  up l i f t s .  F u r t h e rmo r e ,  

v o l c a n i c  r o c k s  a r e  p r o m i n en t  e s p e c i a l l y  a l o n g  t h e  w e s t  

s i de  o f  the  dep res s i on .  The  Socor ro  channe l  i s  t he  ma in  

l i n k age  o f  t h e  A l b uque r que  b a s i n  w i t h  t h e  S an  Ma r c i a l  

b a s i n  t h r o u g h  t h i s  c o n s t r i c t i o n .  T h e  c h a n n e l  l i e s  b e -

tween  t h e  J o y i t a  u p l i f t  o n  t h e  e a s t  a nd  t h e  So co r r o  up -

l i f t  on  t he  we s t .  The  R i o  G r ande  dep re s s i on  a l ong  t h i s  

c h a nn e l  i s  o n l y  5  t o  1 0  m i l e s  w i d e .  P r e - C a m b r i a n  r o c k s  

a r e  a t  t he  su r f a ce  l o c a l l y  i n  t he  bo rde r i n g  up l i f t s .  

The  Soco r ro  up l i f t  i s  a  l ow  sou thward  s t ru c tu ra l  e x -

t e n s i o n  o f  a  p a r t  o f  t h e  L a d r on  up l i f t ,  a nd  bound s  t h e  

L a  J e n c i a - S n a k e  H i l l s  b a s i n s  o n  t h e  e a s t .  T h e  s n a k e  

H i l l s  g raben  l i e s '  be tween  the  l ow Soco r ro  up l i f t  t o  the  

eas t  and  h igh  Magda lena  up l i f t  to  the  wes t .  Depos i t s  o f  

San t a  Fe  t ype  o c cu r  i n  t he  La  J enc i a -Sna ke  H i l l s  b a s i n s  

and Denny (1940,  pp.  84-97)  has  shown that  the Socor ro 
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up l i f t  p robab ly  was  in i t i a ted  i n  M iocene  t ime .  In  con-

sequence ,  the  La  Jenc ia  and  Socor ro  bas ins  were  p rob-

ab l y  sepa ra ted  du r i ng  pa r t  o f  San ta  Fe  t ime .  However  

pos t -San ta  Fe  fau l t i ng  a l ong  the  eas te rn  base  o f  t he  

Socor ro  up l i f t  appea rs  t o  have  comp le ted  the  i so l a t i on  

o f  t he  eas t  and  wes t  g rabens .  

A  ve ry  cu r ious  reversa l  o f  t i l t  i n  the  Socor ro  and Mag-

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

Soco r r o  up l i f t ,  no r t h  o f  Soco r r o  Canyon  and  abou t  t he  

l a t i t ude  o f  Soco r ro ,  t h e  t i l t  o f  t h e  b l o c k  i s  mode ra te l y  

t o  t h e  w e s t .  H o w e v e r ,  s o u t h  o f  t h i s  p o i n t  t h e  S o c o r r o  

up l i f t  wh i ch  cons i s t s  l a rge l y  o f  m i dd l e  Te r t i a r y  vo l can i c  

r o c k s ,  i s  r a t h e r  un i f o rm l y  t i l t e d  ea s t .  15  t o  30  deg r ee s .  

The  same reversa l  i s  no ted in  the  Magda lena  up l i f t  where  

pre-Cambr ian rocks  a t  the  nor th  end form a bo ld  eastern 

e s c a r p m e n t  a n d  t h e  o v e r l y i n g  P a l e o z o i c  a n d  v o l c a n i c  

r o c k s  o f t e n  a r e  t i l t e d  mod e r a t e l y  we s t .  I n  t h e  s ou t h e r n  

p a r t  o f  t h e  u p l i f t  a  t h i c k  s e r i e s  o f  m i dd l e  T e r t i a r y  r o c k s  

i s  t i l t e d  ea s twa rd ,  and  the  l a t i t ude  o f  t he  p i vo t  i s  a lmos t  

t he  same  as  i n  t he  Soco r r o  up l i f t .  Ob l i que  o r  t r an s ve r se  

f au l t s  appea r  t o  be  r e s pons i b l e  f o r  t he  c hange  o f  s t r u c -

tu re .  The  s i gn i f i c ance  o f  the  p i vo t  i n  the  no r th - t rend ing  

u p l i f t s  i s  d i f f i c u l t  t o  e v a l u a t e .  H o w e v e r ,  t h e  r e g i o n a l  

n a t u r e  a nd  t r e nd  o f  t h i s  c r o s s  s t r u c t u r e  i s  e v i d en c ed  b y  

t he  s ame  so r t  o f  p i v o t a l  c r o s s  s t r u c t u r e  a t  t he  Moc k i n g -

b i rd  Gap fau l t -wedge between the Oscura  and San Andres  

up l i f ts  a long the eas t  s ide  of  the  Jornada de l  Muer to  de-

p r e s s i on .  The  no r t hwe s t e r l y  a l i n emen t  o f  t he se  p i v o t a l  

" tw i s t s "  co i n c i des  w i t h  a  be l t  o f  no r thwes t e r l y 7 t r end ing  

fo lds ,  f au l t s ,  and  ou tc rops  wh ich  extend ac ross  the  S ta te  

f r om  t h e  Zun i  u p l i f t  o n  t h e  no r t hwe s t  t o  t h e  Guada l upe  

up l i f t  o n  t h e  s ou t h ea s t .  A c t i v i t y  a l o ng  t h i s  Z un i -Guada -

lupe  t rend  appears  to  have  occur red ch ie f l y  a f te r  m idd le  

Te r t i a ry  t ime ,  bu t  s t ra t i g raph i c  and  s t ruc tu ra l  cons ide ra -

t i ons  g i ve  s ome  sugges t i on  o f  a  La ram ide  o r  ea r l i e r  i n -

cept ion a long th is  feature which may be a major  reg iona l  

tectonic ax is .  

O f  f u r t h e r  t e c t o n i c  s i g n i f i c a n c e  i n  t h i s  a r e a  i s  t h e  

f a i r l y  no rma l  p re -Te r t i a r y  sec t i on  tha t  l i e s  benea th  the  

m i d d l e  T e r t i a r y  v o l c a n i c  s e r i e s  a l o n g  t h e  e a s t  s i d e  o f  

t he  dep ress i on .  To  the  eas t  o f  the  dep ress i on  i n  a  g rea t  

a rea  tha t  ex tends  f rom the  Ladron  and  Lucero  up l i f t s  o r  

abou t  t he  R i o  Sa l ado  on  t h e  no r t h ,  s ou t hwa rd  t o  abou t  

t h e  l a t i t u d e  o f  t h e  s ou t h e r n  end  o f  t h e  Cabe l l o  Moun -

t a i n s ;  a l l  t h e  M e s o z o i c  r o c k s  a n d  o f t e n  m u c h  o f  t h e  

Permian and Pennsy lvan ian rocks  are  miss ing ,  and great  

t h i c kne s se s  o f  t he  m idd l e  Te r t i a r y  vo l c a n i c  and  s ed i -

men ta ry  ma te r i a l s  r es t  upon  rocks  as  o l d  as  the  p re -

Camb r i a n .  A  g r e a t  u p l i f t  a c c ompan i e d  b y  w i d e  s t r i p p i n g  

o f  t h e  p r e - T e r t i a r y  b e d s  mu s t  h a v e  o c c u r r e d  i n  e a r l y  

Te r t i a r y  t ime .  The  s t r i pp ing  appea r s  t o  have  occu r red  

throughout much of western Socorro and eastern Catron 

Coun t i e s ,  and  t he  r e l a t i on s  a r e  sugges t i v e  o f  a  b r oad  

wa rp  o r  p l a t e au - l i k e  epe i r o gen i c  up l i f t .  

Ex t ens i ve  l a t e  Te r t i a r y  t o  Qua te rna r y  e r os i on  su r f a ce s  

a r e  d e v e l o p e d  o n  b o t h  s i d e s  o f  t h e  R i o  G r a n d e  i n  t h e  

a r ea  o f  t h e  Soco r r o  c on s t r i c t i on .  Denny  ( 1941 ,  pp .  228 -

229)  has  mapped  and  desc r i bed  these  and  conc l uded  tha t  

t h e  mos t  w i d e sp r e ad  o f  t h e s e ,  t h e  T i o  B a r t o l o  a nd  Va l l e  

de  Pa r i da ,  we re  younge r  and  l owe r  than  the  O r t i z  su r f a ce  

o f  mo re  no r the r l y  a rea s  such  as  the  Ce ja  de l  R i o  Pue r co .  

He  f ound  on l y  m ino r  r emnan t s  o f  a  su r f a ce  equ i va l en t  t o  

the Ort iz .  The present  author  can not  agree wi th Denny 's  

conc lu s ions ,  and  be l i e ves  tha t  the  w idespread  uppermos t  

( T i o  B a r t o l o )  s u r f a c e  a n d  p a r t  o f  t h e  V a l l e  d e  P a r i d a  

s u r f a c e  m a y  b e  e q u i v a l e n t  t o  t h e  O r t i z  s u r f a c e .  F a u l t -

i n g ,  t i l t i n g ,  a n d  d i s s e c t i o n  m a k e  t h e  g eo m o r p h i c  p r ob -

l ems  comp lex .  

San Marcial Basin 

Sou th  o f  t he  Soco r ro  cons t r i c t i on  the  R i o  G rande  de -

p r e s s i on  aga i n  w i dens  i n t o  an  i r r egu l a r  ba s i n  abou t  30  

m i l e s  l ong  and  10  t o  15  m i l e s  w i de .  I t  i s  t e rm ina t ed  on  

t he  s ou th  by  t he  Panke y  c hanne l  wh i ch  connec t s  i t  w i t h  

t he  Eng l e  ba s i n  t o  t he  s ou thwes t .  The  ma i n  a x i s  o f  t he  

S a n  M a r c i a !  b a s i n  t r e n d s  e s s e n t i a l l y  s o u t h - s o u t h w e s t  

and  co in c i des  w i th  the  R i o  Grande .  I t  i s  bounded on  the  

ea s t  b y  a  l ow  edge  o f  t h e  J o rnada  de l  Mue r t o  wh i ch  l i e s  

to  the  eas t .  Th i s  border  i s  he re  te rmed the  San  Pasqua l  

p l a t f o rm,  and  may  be  a  so r t  o f  sub -a l l uv i a l  bench  su r -

m o u n t e d  b y  l o c a l  b a s a l t  f l o w s .  T h e  s u b - a l l u v i a l  b e n c h  

o f  S an t a  F e  s ed imen t s  p r obab l y  d oe s  n o t  c onne c t  w i t h  

d e e p  P l i o c e ne  b a s i n s  i n  t h e  J o r n a d a  de l  M u e r t o .  Th e  

we s t e r n  b o r d e r  i s  mo r e  c o mp l i c a t e d  and  ma r k ed  b y  t h e  

i n  e c he l o n  Soco r r o ,  Magda l e na ,  a nd  S an  Ma t eo  up l i f t s .  

The interven ing t roughs or  downthrown parts  of  the fau l t  

b l o c k s  me r ge  w i t h  t h e  S an  Ma r c i a l  b a s i n  a nd  appea r  t o  

be embayments  f rom the la t te r .  

A l t hough  l i t t l e  i s  known  o f  t he  s t r a t i g raphy  and  s t ruc -

t u r e  o f  t h e  s o u t h e r n  M a g da l e na  M o u n t a i n s  o r  t h e  S an  

Ma teo  Moun ta i n s ,  t hey  appea r  t o  be  l a rge l y  f au l t -b l o ck  

up l i f t s  i nvo lv ing  a t  the  su r face  p redominant l y  ac id i c  to  

i n t e r m e d i a t e  T e r t i a r y  v o l c a n i c  b e d s  a n d  a l l u v i a l  b e d s  

t h a t  a r e  i n t r u ded  l o c a l l y  b y  p o r ph y r y  s t o c k s .  A l o ng  t h e  

San  Pa s cua l  p l a t f o rm  ea s t  o f  t he  ba s i n  sma l l  p a t che s  

o f  l a t e  Pa l e o z o i c  o r  Meso zo i c  r o c k s  r i s e  above  t he  San t a  

Fe  o r  Qua te rna ry  sed iment s .  

T h e  e x t e n s i v e ,  a l t h o u g h  m u c h  d i s s e c t e d ,  e r o s i o n  

s u r f a c e  w h i c h  e x i s t s  o n  b o t h  s i d e s  o f  t h e  R i o  

G rande  i n  t he  San  Ma r c i a l  b a s i n  i s  l a r ge l y  c u t  u pon  
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s l i g h t l y  d e f o r m e d  S a n t a  F e  b e d s .  T i g h t  ( 1 9 0 5 ) ,  L e e  

( 1907 ) ,  and  B r yan  ( 1938 )  be l i e ved  t ha t  t he  R i o  G rande  

d u r i n g  l a t e  P l i o c e n e  o r  e a r l y  Q u a t e r n a r y  t i m e  f l o w e d  

a c r o s s  t h e  S a n  P a s q u a l  p l a t f o r m ,  t h r o u g h  t h e  J o r n a d a  

de l  Mue r t o ,  a nd  t hence  sou thwa rd  t o  E l  P a so  a l ong  i t s  

p r e s en t  c ou r s e .  A c c o r d i n g  t o  t h e s e  w r i t e r s  t h e  d i v e r s i o n  

o f  t he  R i o  Grande  to  i t s  p resen t  cour se  wes t  o f  t he  F ra .  

C r i s t o b a l  a n d  C a b a l  l o  M o u n t a i n s  a n d  t h e n  t o  E l  P a s o  

was caused by erupt ions  o f  basa l t  a long the r i ver  a t  San 

M a r c i a l .  T h i s  p o s t u l a t e d  h i s t o r y  o f  t h e  R i o  G r a n d e  i s  

no t  s uppo r t ed  by  d i r e c t  e v i dence .  The  b a sa l t  f l ows  a r e  

    n o t  l o c a t e d  i n  p o s i t i o n s  on  t h e  o l d  s u r f a c e  s o  t h a t  d am-

m i n g . a n d  d i v e r s i o n  c o u l d  h a v e  b e e n  e f f e c t e d .  F u r t h e r -

more ,  t he  Jo rnada  de l  Mue r t o  c on ta i n s  on l y  a  sma l l  t h i c k -

n e s s  o f  S a n t a  F e  s e d i m e n t s  a s  c o m p a r ed  t o  t h a t  p r e s e n t  

i n  t h e  R i o  G r a n d e  b a s i n s .  T h e  l a t e  T e r t i a r y  a n d  Q u a t e r -

n a r y  e v i d e n c e  o f  c o n t i n u e d  d e p r e s s i o n  o f  t h e  b a s i n s  

a l o ng  t h e  R i o  G r ande  d e p r e s s i o n  f a v o r s  t h e  p e rmanen t  

e x i s t ence  o f  t h rough - f l ow ing  d ra i nage .  

Engle Bas in 

T h e  E n g l e  b a s i n  i s  s i m i l a r  i n  i t s  p h y s i o g r a p h i c  a n d  

s t r u c t u r a l  s e t t i n g  t o  t h e  S a n  M a r c i a l  b a s i n .  Ho w e v e r ,  i t  

i s  b u t  1 5  m i l e s  l o n g ,  a n d  2 0  m i l e s  w i d e .  I t  i s  b o u n d e d  

on  the  nor th  ch ie f l y  by  the  San  Mateo  up l i f t .  I t  has  a  

no r t hwes te r l y  embayment  i n to  the  Mon t i ce l l o  t r ough  and  

a  n o r t h e r n  l i n k a g e  w i t h  t h e  S a n  M a r c i a l  b a s i n  t h r o u gh  

t h e  P a n k e y  c h a n n e l .  On  t h e  w e s t  t h e  b a s i n  i s  b o u n d e d  

by  t he  Cuch i l l o  Neg ro  up l i f t  wh i ch  i s  a  no r t hwes twa rd -

t r end i ng  f au l t  b l o c k  t ha t  i s  t i l t e d  no r t hea s t .  On  t he  ea s t  

t h e  b a s i n  i s  p r o m i n e n t l y  b o u n d e d  b y  t h e  s t r o n g  F r a  

C r i s t o ba l  u p l i f t ,  a  n o r t h - t r e nd i n g  e a s t - t i l t e d  f a u l t  b l o c k .  

A t  t he ,  sou theas t  c o rne r  t he  Cu t t e r  p l a t f o rm  occup i e s  a  

p o s i t i o n  w i t h  r e f e r en c e  t o  t h e  Eng l e  b a s i n  t h a t  i s  s im i l a r  

t o  t h e  r e l a t i o n sh i p s  o f  t h e  S an  P a s cua l  p l a t f o rm  and  t h e  

S an  Ma r c i a !  b a s i n .  On  t h e  s ou t h  t h e  n o r t hwe s t - t r e nd i n g  

Mud  Sp r ings  p rong  and  the  Caba l l o  up l i f t  cons t r i c t  and  

t e rm ina t e  t he  Eng l e  ba s i n .  

P re -Cambr ian  rocks  a re  b rough t  t o  the  su r fa ce  i n  the  

s u r r ound i ng  Cu ch i l l o  Neg r o ,  Mud  Sp r i n g s ,  a nd  F r o  C r i s -

t oba l  up l i f t s ,  and  ove r tu rned  fo ld  be l t s  i n  e che lon  to  the  

f a u l t  b l o c k s  a r e  p r e s e n t  i n  t h e  M u d  S p r i n g s  a n d  F r a  

C r i s t o b a l  u p l i f t s .  

Palomas Basin 

The  Pa l omas  bas i n  i s  a  r a the r  r egu l a r  no r th - t r end i ng  

dep r e s s i on  30  t o  35  m i l e s  l ong  and  abou t  12  m i l e s  w i de .  

I t  i s  te rmina ted  a t  the  nor th  by  Mud Spr ings  p rong  and 

connec ted  w i th  the  Eng l e  bas in  to  the  nor th  th rough  the  

Cu ch i l l o  c h anne l  we s t  o f  t h e  Mud  Sp r i n g s  up l i f t .  On  t h e  

s ou t h  t h e  f e a t u r e  o pen s  i n t o  t h e  w i d e  i r r e gu l a r  b a s i n s  

a n d  s u b - a l l u v i a l  b e n c h e s  w h i c h  s u r r o u n d  t h e  b e d r o c k  

i s l and s  o f  t he  o l de r  ph y s i o g r aph i c  and  s t r u c t u r a l  a r ea  o f  

t h e  A r i z o n a - N e w  M e x i c o  B a s i n  a n d  R a n g e  P r o v i n c e .  A t  

t h e  s ou t h  end  t h e  R i o  G r ande  sw i ng s  s h a r p l y  e a s t  a nd  

f o l l ow s  t h e  we s t - n o r t h we s t e r l y  a x i s  o f  t h e  H a t c h  b a s i n .  

On  t h e  e a s t  t h e  P a l o m a s  ba s i n  i s  s h a r p l y  d e l i n e a t e d  b y  

t h e  b o l d  C a b a l l o  u p l i f t  a n d  o n  t h e  w e s t  b y  t h e  l o w  

Animas upl i f t .  

The  dom ina t i ng  s t r u c t u r a l  e l emen t  o f  t h e  Pa l omas  

b a s i n  i s  t h e  C aba l l o  u p l i f t  wh i c h  i s  a  f au l t  b l o c k  t h a t  

i s  gen t l y  t i l t ed  to  the  eas t .  San ta  Fe  beds  and  ped imen t  

g r a v e l s  a r e  do w n f au l t e d  a g a i n s t  p r e - C am b r i a n  g r a n i t e ,  

gne i s s ,  and  s ch i s t  a l ong  a  we l l  ma r ked  f au l t  a t  t he  we s t -

e r n  ba s e .  The  uppe r  pa r t  o f  t he  f au l t  s c a rp  con s i s t s  o f  

a  t y p i c a l  s o u t h e r n  N e w  M ex i c o  s e c t i o n  o f  l o w e r  P a l e o -

z o i c  r o c k s  o v e r l a i n  b y  t h e  P e n n s y l v a n i a n  M a g d a l e n a  

g roup  a l ong  the  c re s t  o f  t he  up l i f t .  Seve ra l  s epa ra te  and  

i n  e c he l o n  o v e r t u r n ed  f o l d  b e l t s  c r o s s  t h e  t i l t e d  b l o c k .  

The southern end of  the up l i f t ,  north of  the Hatch bas in,  

c on s i s t s  o f  nume rous  sma l l  h i gh -ang l e  f a u l t s  and  sho r t  

f o l ds  whose  dominan t  t rends  a re  no r thwes t .  

T h e  M u d  S p r i n g s  u p l i f t  a t  t h e  n o r t h  e n d  o f  P a l o m a s  

ba s i n  ha s  a  n o r t hwes t e r l y  t r end ,  and  c on s i s t s  o f  a  t i l t e d  

f au l t  b l o c k  whose  s t r a t a  a r e  i n c l i n ed  20  t o  30  deg ree s  

no r t hea s t .  The  sou thea s t e r n  end  o f  t h i s  b l o c k  i s  c ha r -

a c t e r i z ed  by  an  ove r t u rned  f o l d  o f  t he  t ype  f ound  i n  t he  

Caba l  l o  up l i f t ,  bu t  the  s t r ong  nor th - t rend ing  f r on ta l  f au l t s  

o f  t he  Caba l l o  up l i f t  sha rp l y  t e rm ina te  the  nor thwes te r l y  

s t r u c t u r e  o f  t h e  Mud  Sp r i n g s  up l i f t .  Th e  up l i f t i n g  f r on t a l  

f au l t  o f  t h e  Mud  Sp r i ngs  b l o ck  i s  bu r i ed  by  l a t e  San ta  Fe  

beds  o r  ped imen t  g r ave l ,  bu t  i t  may  con t i nue  no r thwes t  

b e n e a t h  t h e  n e a r - s u r f a c e  b e d s  o f  t h e  C u c h i l l o  c h a n n e l  

i n t o  t h e  f r o n t a l  f a u l t  w h i c h  b o u n d s  t h e  C u c h i l l o  N e g r o  

up l i f t  on  the  sou thwes t .  

T he  An ima s  up l i f t  a l o ng  t h e  we s t  s i d e  o f  t h e  P a l omas  

b a s i n  c o n s i s t s  m o s t l y  o f  m i d d l e  T e r t i a r y  v o l c a n i c  a n d  

i n t r u s i v e  r o c k s ,  b u t  l o c a l l y  s o m e  P a l e o z o i c  r o c k s  a r e  

e x p o s e d .  T h e  u p l i f t  i s  r e l a t i v e l y  l ow  a nd  p r o b a b l y  o l d e r  

t h a n  t h e  C a ba l l o  f a u l t  b l o c k .  I t s  s t r u c t u r e  i s  i n c o m p l e t e -

l y  k n o w n  b u t  a p p e a r s  t o  b e  c o m p l i c a t e d  b y  n u m e r o u s  

c r o s s  f a u l t s .  P r o b a b l y  i t  i s  a l s o  g e n e r a l l y  t i l t e d  e a s t -

wa rd .  Reg i ona l l y  i t  may  be  con s i de r ed  a  s ou the r l y  b r a n ch  

o f  t he  Cuch i l l o  Neg ro  up l i f t .  

The  sma l l  Ha t ch  bas i n  a t  t he  s ou th  end  o f  t he  Caba l l o  

up l i f t  ha s  l i t t l e  o r  no  sepa ra t i on  f r om the  Pa l omas  bas i n ,  

and  i t  may  be  cons i de r ed  an  ea s t  embaymen t  f r om  t h e  

P a l omas  s t r u c t u r e .  F r om  t h e  po i n t  o f  v i e w  o f  r e g i o na l  

t e c t on i c s  t he  s ou the rn  end  o f  t he  Caba l l o  up l i f t  a s  we l l  
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as  Ha tch  bas in  may  be  cons i de red  a  par t  o f  the  o l de r  

A r i z o n a - N e w  M e x i c o  B a s i n  a n d  R a n g e  P r o v i n c e  w h i c h  

i s  dom ina ted  by  no r thwes te r l y  t r ends  nea r  i t s  j unc t i on  

w i th  the  Co l o r ado  P l a t eau  and  R i o  Grande  s t ruc tu res  t o  

t he  no r t h .  The r e  appea r s  t o  be  a  w i de ,  i r r egu l a r ,  and  

deep-seated zone of regional  magnitude a long which the 

no r t he r l y  s t r u c t u r e s  o f  t h e  R i o  G rande  i n t e r -pene t r a t e  

w i th  the  no r thwes te r l y  s t ru c tu res  o f  t he  sou the rn  p rov -

i nce .  Th i s  g rea t  t ec ton i c  d i v i s i on  o r  l i ne  p robab l y  te r -

m ina t e s  t he  R i o  G rande  dep r e s s i on ,  a t  l e a s t  l o c a l l y ,  a t  

t he  s ou th  end  o f  t he  Pa l omas  and  Ha t ch  ba s i n s .  

T h e  P a l o m a s  b a s i n  i s  u n d e r l a i n  c h i e f l y  b y  S a n t a  F e  

beds .  I t  i s  a s ymme t r i c a l  w i t h  i t s  a x i s  o f  downwa rp  nea r  

t h e  C a b e F l o  u p l i f t  a n d  e s s e n t i a l l y  a l o n g  t h e  p r e s e n t  

c o u r s e  o f  t h e  R i o  G r a n d e .  N e a r  t h e  C a ba l l o  u p l i f t  t h e  

San ta  Fe  beds  a re  o f t en  cons ide rab l y  de fo rmed,  and  the  

beds  d i p  mode ra t e l y  i n t o  o r  away  f r om  t he  up l i f t .  The  

western  l imb o f  the  fo ld  in  wh ich  the  Santa  Fe  beds  are 

d ep r e s s ed  i n  t h e  b a s i n  i s  l o ng  and  on l y  s l i g h t l y  mo r e  

i n c l i n ed  t han  t he  g r ea t  Pa l omas  e r o s i on  su r f a ce  t ha t  

t runca tes  i t .  

Jornada de l  Muerto  Depress ion  

The  J o rnada  dep re s s i on  i s  a  g r ea t  downwa rp  l y i ng  t o  

t h e  e a s t  o f  t h e  R i o  G r a n d e  d e p r e s s i o n .  I t  l i e s  b e t w e en  

the  up l i f t s  and  p l a t fo rms  to  the  eas t  o f  the  R i o  Grande  

dep re s s i on  and  t he  San  And re s  up l i f t .  I t  i s  f r om  100  t o  

120  m i l e s  l ong ,  and  j o i n s  t he  R i o  G rande  dep r e s s i on  on  

t he  s ou th  whe re  t he  s epa r a t i on  o f  t he  two  f ea t u r e s  i s  

obscure  and prob lemat i ca l .  A t  the  nor th  end  where  i t  i s  

b ounded  on  t h e  e a s t  a nd  we s t  b y  t h e  O s cu r a  up l i f t  a nd  

t h e  S a n  P a s c u a l  p l a t f o r m ,  i t  a p p e a r s  t o  b e  a  f a u l t e d  

s y n c l i n a l  d e p r e s s i o n  a n d  t h i s  c o n d i t i o n  m a y  o b t a i n  t o  

t he  l a t i t ude  o f  t he  no r t h  end  o f  t he  F r a  C r i s t oba l  u p l i f t .  

In the southern part ,  on the other  hand,  in  the la t i tude of  

t he  San  And res  and  Caba l l o  up l i f t s ,  t h e  Jo rnada  dep re s - 
s i on  i s  gene r a l l y  a  b r oad  s yn c l i n e  be tween  t he  two  f l a nk -

i n g  up l i f t s  ( Ke ye s ,  1 9 05 ;  p .  6 7 ) .  The  bu r i e d  s t r u c t u r e  o f  

t h e  d e p r e s s i o n  m a y  b e  a  s y n c l i n o r i u m  c o m p l i c a t e d  b y  

s ome  f au l t s  a nd  c r o s s  f o l d s .  

T he  J o r n ada  d ep r e s s i o n  l a c k s  t h e  c on s i d e r ab l e  t h i c k -

ness  o f  San ta  Fe  beds  wh i ch  i s  cha rac te r i s t i c  o f  the  R i o  

G r ande  d ep r e s s i o n .  The  f l o o r  o f  t h e  d e p r e s s i o n  a pp ea r s  

t o  be  unde r l a i n  i n  many  p l a ce s  b y  a  c on s i de r ab l e  s e c t i on  

o f  t h e  e a r l y  T e r t i a r y  B a c a  a nd  McRae  non  vo l c an i c  s u i t e  

o f  s e d imen t s ,  a nd  t h e s e  may  b e  o v e r l a i n  i n  s ome  p l a c e s  

b y  m i d d l e  T e r t i a r y  v o l c a n i c  r o c k s .  I n  mo s t  p l a c e s  t h e r e  

i s  p r obab l y  a  t h i c k  s e c t i o n  o f  C r e t a ceous  and  Pa l eo zo i c  

s t r a t a  b enea t h  t h e  T e r t i a r y  s e d imen t s .  A l o ng  t h e  c en t e r  

o f  the  dep res s i on  a l l  o f  t hese  rocks  a re  covered  by  a  

r e l a t i v e l y  t h i n  l a y e r  o f  l a t e  T e r t i a r y  a n d  Q u a t e r n a r y  

r o c k s ;  a nd  a l t h ough  t h e r e  a r e  p r obab l y  b ed s  e qu i v a l e n t  

t o  t he  San t a  Fe ,  t h ey  a r e  no t  l i k e l y  t o  e x ceed  1 , 000  f ee t  

in thickness. 

F rom the  above  s t ra t i g raph i c  da ta  and  the  ve ry  w ide  

ped imen t  s u r f a ce s  i n  t he  J o rnada  de l  Mue r t o ,  i t  a ppea r s  

that  the  depress ion  was  fo r  the  most  pa r t  fo rmed in  p re -

Santa  Fe  t ime and that  the  st rong downfau l t ing  that  was  

impo sed  on  t h e  R i o  G r ande  d ep r e s s i o n  du r i n g  l a t e  T e r -

t i a r y  t i m e  w a s  n o t  a c t i v e  i n  t h e  J o r n a d a  d e p r e s s i o n .  

M u c h  o f  t h e  w i d t h  o f  t h e  p r e s e n t  d e p r e s s i o n  i s  d u e  t o  

t h e  v e r y  w i d e  p e d i m e n t s  c u t  a c r o s s  t i l t e d  p r e - T e r t i a r y  

rocks  (Keyes ,  1903 ,  pp .  207-210) .  Th i s  f ea tu re  i n  i t se l f  

d i s t i n g u i s h e s  t h e  J o r n a d a  d e p r e s s i o n  f r o m  t h e  R i o  

G r a n d e  d e p r e s s i o n ,  a n d  i s  f u r t h e r  e v i d e n c e  o f  t h e  

greater  age of  the  former .  

Summary 

I n  t h e  a n a l y s i s  o f  t h e  t e c t o n i c s  o f  t h e  R i o  G r a n d e  

d e p r e s s i o n  s t r a t i g r a p h y ,  s t r u c t u r e ,  a n d  p h y s i o g r a p h y  

become  so  i n t e r r e l a t ed  a s  t o  be  nea r l y  i n s epa rab l e .  The  

s t ra t ig raph i c  sequence  and  l i tho  logy  re f lec t  the  con tem-

po raneous  s t ru c tu r e  and  phys i og raphy .  I n  the  geomorph -

o logy  o f  the  reg ion  the  recogn i t i on  and  unders tand ing  o f  

d e f o rma t i o na l  f e a t u r e s  t h a t  a r e  b o t h  y ou nge r  a nd  o l d e r  

than  the  phys iog raph ic  fea tures  a re  o f  u tmos t  impor tance .  

A l so  many  o f  t he  l a r ges t  and  mos t  s i gn i f i c an t  s t r u c tu ra l  

e l emen t s  a r e  i n f e r r ed  f r om  t he  geomorpho l ogy .  Above  a l l  

e l s e ,  t h e  g eo l o g i c  h i s t o r y  i s  impo r t a n t ,  a nd  t h e  s e cu r i n g  

o f  a  c o r r e c t  s e q u e n c e  o f  s t r u c t u r a l  a n d  g e o m o r p h i c  

e v en t s ,  a s  we l l  a s  t h e  s t r a t i g r a phy  s equ en ce s ,  r e qu i r e s  

ca re f u l  and  o f t en  pa i n s t a k i ng  de ta i l ed  work .  The  sa l i en t  

r eg i ona l  aspec t s  o f  t he  s t r a t i g raphy ,  s t ruc tu re ,  and  geo -

morpho logy  a re  summar i zed  be l ow .  

I n  l a t e  C r e t a c e o u s  t i m e  t h e  l a s t  g r e a t  s e a w a y s  t o  i n -

vade  t he  con t i n en t a l  i n t e r i o r  g r adua l l y  gave  way  t o  e x -

p a n d i n g  f l o o dp l a i n s .  T o wa rd  t h e  e n d  o f  C r e t a c e ou s  t i m e  

the  g rea t  f l oodp la i ns  began  to  be  d i s tu rbed  by  l i nea r  up -

w a r p s ,  w h i c h  o f t e n  d e v e l o pe d  a  p r o n o u n c e d  a s y m m e t r y  

that  cu lminated in  over turned fo lds  and great  over thrus ts .  

The se  ea r l y ,  L a r am ide  t e c t on i c  f e a t u r e s  we re  deve l o ped  

a l o ng  t h e  en t i r e  l e ng t h  o f  t h e  New  Mex i c o  Ro c k y  Mou n -

t a i n s ,  a n d  a l t h o u g h  m o s t  o f  t h e  t h r u s t s  d i p  w e s t w a r d ,  

s ome  d i p  ea s twa rd .  The  up l i f t s  r e su l t an t  f r om  t he se  

c omp r e s s i o na l  s t r u c t u r e s  a ppea r  t o  h a ve  b een  p a r a l l e l e d  

b y  f l a n k i n g  d o w n w a r p s  w h i c h  b e c a m e  f i l l e d  w i t h  t h e  

p r oduc t s  o f  e ro s i on  f rom t he  up l i f t s .  The  La ram ide  s ed i -

men t s ,  r e p r e s en t ed  b y  s u c h  f o rma t i o n s  a s  t h e  Ra t on ,  E l  

R i t a ,  G a l  i s t e o ,  S a n  J o s e ,  B a c a ,  a n d  M c R a e ,  f o r m e d  i n  

bas in s  o f  much  g rea te r  expanse  than  the  l a te r  t rough - 
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f i l l i n g  d e p o s i t s  o f  t h e  R i o  G r a n d e  d e p r e s s i o n .  A l t h o u g h  

t h e  e a r l y  L a r am i de  s u i t e  o f  s e d imen t s  wa s  l a r g e l y  n on  

vo l c an i c  i n  l i t h o l ogy ,  i n  c e r t a i n  a r ea s ,  e s pe c i a l l y  t owa rd  

the  sou th  and  in  the  San  Juan  Mounta in  sec to r  to  t he  

no r thwes t ,  ea r l i e r  and  con temporaneous  vo l can i c  sou rces  

a re  ev i den t .  

I n  abou t  m i dd l e  Te r t i a r y  t ime  vo l c an i c  a c t i v i t y  t ha t  

e x t r uded  r hyo l i t i c  t o  andes i t i c  r o c k s  deve l oped  on  an  

e n o r m o u s  s c a l e .  T h e s e  e r up t i o n s ,  t o g e t h e r  w i t h  t h e i r  

g reat  outwash o f  a l luv ia l  mater ia l ,  accumula ted to  th ick-

n e s s e s  o f  s e v e r a l  t h o u s a n d  f e e t .  T h e  v o l c a n i c  s u i t e s  

o c cu r  mos t l y  i n  t he  wes t e rn  ha l f  o f  t he  Rocky  Moun t a i n  

b e l t  a n d  i n  t h e  a d j a c e n t  C o l o r a d o  P l a t e au ;  b u t  l o c a l l y ;  

a s  i n  t h e  R a t o n ,  C e r r i l l o s - S o u t h  M o un t a i n ,  a n d  S i e r r a  

B l an ca  a r ea s ,  t he  e rup t i on s  de ve l oped  a l ong  t he  G rea t  

P l a i n s  b o r d e r .  N e v e r t h e l e s s ,  t h e  u p l i f t s  b o r d e r i n g  t h e  

e a s t  s i d e  o f  t h e  d ep r e s s i o n  a r e  n o t ab l y  l a c k i n g  i n  t h i s  

s u i t e  o f  r o c k s .  L i t t l e  o r  n o  s h a r p  f o l d i n g  o r  o v e r t h r u s t -

i ng  accompan ied  the  vo l can i c  ep i sode .  H i gh -ang l e  f au l t -

i ng ,  however ,  appears  to  have  accompan ied  and  fo l l owed 

t h e  g r e a t  i g n e o u s  a c t i v i t y .  I n  s e v e r a l  p l a c e s  t h e r e  

a p p e a r s  t o  h a v e  b e e n  t w o  o r  t h r e e  d i s t i n c t  v o l c a n i c  

s t a g e s  s e p a r a t e d  b y  i n t e r v a l s  o f  t e c t o n i c  d i s t u r b a n c e  

a n d  e r o s i o n .  A l t h o u g h  l o c a l  b a s i n s  o f  a c c u m u l a t i o n  

appear  to  have  deve loped  dur ing  th i s  epoch  o f  Ter t i a ry  

depos i t i on  and  de fo rma t i on ,  t he  a rea s  o f  a c cumu l a t i on  

a ppea r  t o  h a v e  b een  r a t h e r  w i d e ,  a nd  t h e  t r o ugh - l i k e  

aspects  o f  the la ter  R io  Grande depress ion  were  not  yet  

deve loped.  In  w ide areas ,  the  midd le  Ter t ia ry  f lows and 

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

s l ight  unconformi ty  or  d i scordance upon the ear l i e r  non 

vo l can i c  sed iments .  The  in tense  f rac tu re  be l t  and  p romi -

nen t  t i l t ed  b l o ck s  wh i ch  a re  s o  cha rac te r i s t i c  o f  t he  R i o  

G rande  dep res s i on  and  ad jo i n i ng  up l i f t s  a re  l a t e r  f ea tu re s ,  

T h e  d e v e l o p me n t  o f  t h e  R i o  G r a n d e  s t r u c t u r a l  b e l t  

p r o b a b l y  b e g a n  i n  l a t e  M i o c e n e  t i m e  an d  c u l m i n a t ed  i n  

w h a t  m a y  b e  t e r m e d  t h e  C a s c a d i a n  o r o g e n y  t o w a r d  

t h e  end  o f  P l i o c ene  t ime .  W i t h  t he  deve l opmen t  o f  t h e  

l i n ked  in  eche lon  bas ins  the  San ta  Fe  sed iments ,  wh i ch  a re  

the  c h a r a c t e r i z i n g  f e a t u r e  o f  t h e  R i o  G r a n d e  

d e p r e s s i o n ,  began  t o  f o rm .  The  San t a  Fe  ha s  been  

a s s i gned  t o  a ge s  t h a t  r a n g e  f r o m  l a t e  M i o c e n e  t o  

P l e i s t o c e n e .  I n  i t s  t yp i c a l  d eve l o pmen t  i t  i s  an  a l l u v i a l -

f an  depos i t  o f  a  c h a r a c t e r i s t i c  p i n k i s h  o r  l i g h t - t a n  c o l o r .  

A l t h ough  i t  i s  l o ca l l y  g ray i sh  i t  gene ra l l y  s t ands  i n  f a i r l y  

ma r ked  con t r a s t  t o  t h e  s ombe r  b r own ,  pu r p l i s h - b r ow n ,  

o r  g r a y i s h -w h i t e  o f  t h e  m i d d l e  T e r t i a r y  s e d i m e n t s  u p o n  

w h i c h  i t  o f t e n  r e s t s .  T he  S a n t a  F e  i s  t y p i c a l l y  a  

r e l a t i v e l y  n o n  vo l c a n i c  s e d imen t ,  b u t  i n  many  p l a c e s ,  

e s pe c i a l l y  a l ong  t he  wes t  s i de  o f  t he  dep res s i on ,  i t s  

c oa r s e  f r agmen t s  

m a y  b e  a l m o s t  e x c l u s i v e l y  v o l c a n i c ,  b u t  e v e n  i n  t h e s e  

p l a c e s  t h e  c h a r a c t e r i s t i c  p i n k i s h  c o l o r  i s  e v i d e n t  i n  t h e  

c l a y  a n d  s a n d  b e d s .  T h e  S a n t a  F e  i n  l a r g e  p a r t  r e f l e c t s  

t he  r o c k s  wh i ch  we re  a t  t h e  su r f a ce  i n  t he  ad j o i n i ng  up -

l i f t s ,  a n d  t h e  s u p e r p o s i t i o n  o f  i t s  l o c a l  m e m b e r s  o f t e n  

r ough l y  r e f l e c t s ,  i n  r e ve r s e  o rde r ,  t he  s t r a t i g r a ph i c  

s u p e r p o s i t i o n  o f  t h e  a d j o i n i n g  a r e a s .  I n  m a n y  p l a c e s  

w h e r e  t h e  a d j o i n i n g  u p l i f t  c o n s i s t e d  o f  c a r b o n a t e  r o c k s  

su ch  a s  t he  Magda l ena ,  San  And re s ,  o r  l owe r  Pa l eo zo i c  

fo rmat ions ,  the  ad jacen t  San ta  Fe  i s  l a rge l y  a  ca l c i rud i te  

f ang l ome ra t e .  E l s ewhe re  p l a ya  and  l a ke  depos i t s  f o rm  

a  l a r g e  p a r t  o f  t h e  S a n t a  F e .  P y r o c l a s t i c  b r e c c i a  a n d  

t u f f  m a y  b e  a b u n d a n t  i n  t h e  S a n t a  F e ,  a n d  t h i s  i s  

e s p e c i a l l y  t r u e  a r o u n d  t h e  J e m e z  u p l i f t .  B a s a l t i c  f l ow s  

a r e  a lmos t  a  cha r a c t e r i s t i c  o f  t he  San t a  Fe ,  and  a r e  

i n t e r ca l a t ed  spa r i ng l y  t h roughou t  t he  sec t i on .  

In the upper part  of  the Santa Fe beds of  wel l  rounded 

g ra ve l  a re  common ,  and  the se  have  been  t a ken  t o  i nd i -

c a t e  t he  p r e s ence  o f  a  t h r ough - f l ow i ng  r i v e r .  A l t hough  

t he se  beds  i n d i c a t e  a  c on s i de r ab l e  d i s t a n ce  o f  t r an s -

po r t a t i on ,  t hey  do  no t  p r ove ,  howeve r ,  t ha t  a  r i ve r  such  

a s  t h e  R i o  G r a n d e  f l o w e d  t o  t h e  o c e a n .  E v e n  t h e  l a t e  

Santa Fe grave l  cannot  be cont inuous ly  t raced a long the 

dep ress i on .  

The  b i r th  o f  the  p resent  R io  Grande  s t i l l  r ema ins  a  

p rob l em.  I t  appea r s  t o  be  a t  l ea s t  a s  o l d  a s  t he  l a t e  

s tages of  deve lopment of  the Ort iz  ped iment sur faces.  

Whe the r  t he  R i o  G rande  ex i s t ed  du r i ng  a l l  o r  pa r t  o f  

   P l i ocene  t ime  o r  du r ing  the  bu lk  o f  Santa  Fe  depos i t i on  

cannot  be  demons t ra ted .  A  fa c to r  o f ten  ove r looked  in  

c o n n e c t i o n  w i t h  t h e  p o s s i b l e  e x i s t e n c e  o f  t h e  a n c i e n t  

R i o  G r a n d e  i s  t h e  c o n c l u s i o n  b y  A t w o o d  a n d  M a t h e r  

(1932,  p.  21)  that  the San Juan Mounta ins,  the pr inc ipa l  

source  fo r  mos t  o f  the  p resen t  r i ve r ,  was  a  penep la in  a t  

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

l ong t ime tha t  the  R io  Grande  once  f lowed th rough  the  

J o r n a d a  d e l  M u e r t o  d e p r e s s i o n .  T h e  w r i t e r  d o e s  n o t  

a g r e e  w i t h  t h i s  h ypo t h e s i s ,  b u t  r e c ogn i z e s  t h a t  many  

pa r t s  o f  t he  R i o  G rande  d r a i nage  s y s t em  have  been  

c o n s i d e r a b l y  c h a n g e d  d u r i n g  Q u a t e r n a r y  t i m e .  B r y a n  

and  McCann (1938 ,  pp .  12-14)  have  pos tu la ted tha t  dur -

ing  Or t i z  t ime the upper  R io  Puerco f lowed in to  the  R io  

Grande  near  Los  Lunas  many m i les  nor th  o f  i t s  p resen t  

j unc t i on .  I t  s eems  a l s o  tha t  se ve ra l  o t he r  t r i bu ta r i e s  o f  

t he  R i o  G rande  have  been  cap tu red  i n  Qua t e rna r y  t ime .  

I n  t h e  T i j e r a s  b a s i n ,  t o  t h e  e a s t  o f  t h e  S and i a  Moun -

ta ins ,  a  number  o f  e r ra t i c  ves i cu la r  basa l t  cobb les  have  

been  f ound  wh i ch  cou ld  have  come  on l y  f r om the  no r th  

i n  the  v i c i n i t y  o f  San ta  Fe  Canyon  o r  the  Ce r ros  de l  R i o .  

Thus ,  i t  a ppea r s  t ha t  t he  Ga l i s t eo  o r  some  o the r  t r i bu - 
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ta ry  mus t  have  f l owed  eas t  o f  t he  Sand ia  Mounta in s  i n to  

e i t he r  E s t anc i a  v a l l e y  o r  i n t o  T i j e r a s  Canyon ,  and  t hence  

to  the  R i o  G rande .  

The  O r t i z  su r f a ce  a l ong  t he  R i o  Grande  i s  r ough l y  a s -

s igned  to  a  P le i s tocene  age ,  bu t  pa r ts  o f  i t  may  be  la te  

P l i o c ene  i n  age .  I t  h a s  a l s o  b een  no t ed  t h a t  t h e  O r t i z  

su r fa ce  may be  co r re l a ted  th rough  a  se r i e s  o f  ou t l y ing  

r e m n a n t s  w i t h  t h e  g e n e r a l  l e v e l  o f  t h e  H i g h  P l a i n s ,  

wh i c h  i s  a n  e x t e n s i v e  c u t - s u r f a c e  o ve r l a i n  b y  t h e  P l i o -

c e n e  O g a l l a l a  f o r m a t i o n .  Th u s ,  t h e  O r t i z  s u r f a c e ,  wh i c h  

i s  p r o b a b l y  t h e  m o s t  e x pan s i v e  i n  t h e  R i o  G r a n d e  a r e a  

a t  p re sen t ,  and  i t s  many  co r r e l a t i ve s  may  be  o f  w ide l y  

v a r y i n g  a g e s .  T h e r e  a r e  p l a c e s  wh e r e  t h e  O r t i z  s u r f a c e  

i s  b e i n g  e x t ended  b y  p ed i men t a t i o n  i n t o  t h e  moun t a i n  

f r on ts  a t  the  p resen t  t ime .  

V i e w e d  b r o a d l y ,  t h e  O r t i z  s u r f a c e ,  i t s  o v e r l y i n g  d e -

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

t h e  S a n t a  F e  g r o u p .  S a n t a .  F e  t i m e  i s  a  t i m e  c h a r a c t e r -

i z e d  b y  f i l l i n g  o f  t h e  b a s i n s  f l a n k e d  b y  t h e  u p l i f t s .  T h e  

f i l l i n g  p r o c e s s  i s  g o i n g  o n  t o d a y .  T h e  c u t t i n g  o f  t h e  

ped iment s  and  the  i nne r  canyons  du r i ng  P le i s t ocene  and  

Recen t  t imes  i s  a  p rocess  wh i ch  has  been  repea ted  many  

t imes .  Uncon fo rm i t i e s ,  o l d  e ros i on  su r f a ce s ,  and  ca l i che  

(mar l )  beds  a re  found in  many  p la ces  w i th i n  the  San ta  

Fe  e s pec i a l l y  a l ong  t he  ma rg i n s  o f  t he  dep re s s i on .  The re  

a r e  a l s o  b ed s  younge r  t han -  S an t a  F e  o b s cu r e l y  l a i d  -  

aga ins t  and in  the  Santa  Fe  beds  a long the  inner  canyon,  

i n d i c a t i n g  t h a t  t h e  R i o  G r a n d e  h a s  c u t  a n d  f i l l e d  a t  

ea r l i e r  t imes .  F i na l l y ,  a l ong  the  cen te r  o f  t he  dep re s s i on  

t he r e  a r e  p l a c e s  whe re  l i t t l e  o r  no  b r ea k  i n  depos i t i on  

o c c u r r e d  u n t i l  t h e  R e c e n t  c a n y o n  c u t t i n g  c y c l e .  T h e  

ba jadas  f rom the  mounta inward  ped iment s  a re  in  con t inu -

ous  unbroken  sequence  w i th  the  under l y ing  San ta  Fe  de-

pos i t s  a l ong  many  pa r t s  o f  t he  dep re s s i on .  

The  dom inan t  s t ruc t u re s  o f  t he  R i o  G rande  dep res s i on  

a r e  o f  t h e  s o - c a l l e d  B a s i n  a n d  R a n g e  t y p e .  H o w e v e r ,  

t he se  f ea t u r e s  a r e  s o  f a r  r emoved  f r om  t he .  Ba s i n  and  

R a n g e  s t r u c t u r e s  o f  t h e  G r e a t  B a s i n  a n d  s o  d i f f e r e n t  

f r om  t h e  A r i z o na  Ba s i n  a nd  Range  s t r u c t u r e s  t h a t  i t  i s  

be t t e r  t o  c ons i de r  t he  R i o  Grande  s t r uc tu r a l  be l t  a s  a  

sepa ra te  and  d i s t i nc t  t ype  in c luded  w i th  the  Rocky  Moun-

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

a nd  t h e r e  i s  much  e v i d en c e  o f  h o r i z o n t a l  s h i f t i n g  wh i c h  

m a y  a g g r e g a t e  m a n y  m i l e s .  T h e  v e r t i c a l  d i s p l a c e m e n t s  

may  be  on l y  i n c i den t a l  t o  t he  ho r i zon ta l  sh i f t i ng  a c ro ss  

the  en t i r e  r i f t  be l t .  The  l a t e  Te r t i a r y  tec ton i c  pa t te rn  i s  

s pe c i a l i z ed  and  d i s t i n c t  enough  t o  wa r r an t  t he  a pp l i c a -

t i on  o f  t he  t e rm  R i o  Grande  R i f t  Be l t  o f  t he  Rocky  Moun -

ta ins .  The  pat te rn  i s  domina ted  by  fau l t s  o f  no r the r ly  to  

no r t heas te r l y  t r ends .  Fau l t s  o f  wes te r l y  o r  no r thwes te r l y  

t rend are uncommon and usua l ly  not  large.  Most  of  the 

f au l t s  we re  i n i t i a t ed  i n  l a t e  Te r t i a r y  t ime ,  bu t  a  f ew  

su ch  a s  t he  T i j e r a s  f au l t ,  may  have  had  beg inn i ngs  i n  

p re -Cambr ian  t ime .  Numerous  o thers ,  as  desc r ibed  above ,  

h a d  b e g i n n i n g s  i n  e a r l y  o r  m i d d l e  T e r t i a r y  t i m e .  T h e  

f racture pat tern is  markedly  in  eche lon,  and  the so-ca l led 

bound i ng  f au l t s  o f  t he  ma j o r  up l i f t s  a r e  o f t en  cu r ved  o r  

saw- too thed  in  p l an .  

T h e  f o r c e s  w h i c h  h a v e  g i v e n  r i s e  t o  t h e  p r e s e n t  s y s -

tem of  f ractures are d i f f i cu l t  to  conce ive f rom the pat tern  

a l one .  The  geo l og i c  h i s t o r y  i nd i c a t e s  r epea t ed  de f o rma -

t i on  f r om  La ram ide  t o  Recen t .  Many  ea r thquakes  i n  t he  

dep ress i on  sugges t  tha t  the  de fo rmat i on  i s  p resen t l y  i n  

p r og r e s s .  I t  may  be  ob se r ved  t ha t  i n  t he  t o t a l  d e f o rma -

t i on ,  f r a c t u r i ng  p r eva i l e d  o ve r  f o l d i n g .  The  con t r o l l i n g  

externa l  or  deep-seated forces have undoubted ly  changed 

t h r oughou t  t h e  Ceno zo i c ,  a nd  w i t h  e a ch  s h i f t  o f  ma j o r  

f o r c e s  t h e r e  wa s  s e t  u p  a  c omp l i c a t e d  s e t  o f  s e c onda r y  

and  t e r t i a r y  f o r c e s  among  h i gh l y  d i v e r s e  b l o c k s ;  p r i sms ,  

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

b e l t  h a s  p r ob ab l y  a lway s  b een  s ub j e c t e d  t o  c omp r e s s i o n  

o f  o ne  s o r t  o r  a no t h e r ,  t h e r e  we r e  a t  t ime s  l o c a l  a r e a s  

o f  t ens ion .  

I t  does  not  appear ,  however,  that  the  grabens  or  bas ins 

we re  f o rmed  by  an  eas t -wes t  r e l ease  o f  compress i on  tha t  

w o u l d  a l l ow  t h e  s i m p l e  d ep r e s s i o n  o f  b l o c k s  b y  g r a v i t y  

a l o n e .  R a t h e r  i t  a p p e a r s  t h a t  t h e  b a s i n s  w e r e  f o r c e d  

down  unde r  c omp r e s s i o n  j u s t  a s  t h e  up l i f t s  we r e  f o r c ed  

up .  A  deep - sea t ed  shea r  zone  ac ted  upon  by  t angen t i a l l y  

d i r e c t e d  f o r c e s  o f  a  c o u p l e  w o u l d  c a u s e  l a t e r a l  s h i f t ,  
a n d  t h i s  i n  t u r n  w o u l d  s e t  u p  i n  t h e  o u t e r  c r u s t  t h e  o b -

s e r ved  i n  e che l on  s t r u c t u r e s .  

D u r i n g  t h e  c r e a t i o n  o f  t h e  s u r f a c e  w e l t s  a n d  f u r r o w s  o f  

t h e  R i o  G r a n d e  R i f t  b e l t  i t  h a s  b e e n  p o s t u l a t e d  

(Do r ton ,  1928a ,  p .  99 )  t ha t  an t i c l i nes  we re  f o rmed  ea r l y  

and  t ha t  t he  p r e sen t  f au l t  b l o c k s  a r e  me re l y  f au l t ed  a n t i '  

d i n e s .  E x cep t i on  t o  t h i s  i d e a  ha s  been  exp r e s sed  f r e -

quent l y ,  and  the  o the r  s choo l  o f  though t  p re fe rs  t he  i dea  

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

on l y  i n c i den ta l  and  i n  t he  na tu re  o f  d rag—The re  i s  much  

 t o  s uppo r t  t h e  concep t  o f  " b r oken  an t i c l i n e s " ,  e s pec i a l l y  

a t  t h e  e n d s  o f  s u c h  u p l i f t s  a s  t h e  S a n d i a ,  C a b e l l o ,  

L ad ron ,  and  Os cu r a .  Some  o f  t he  up l i f t s  may  have  been  

a s y m m e t r i c a l  a n t i c l i n e s  i n  t h e  e a r l y  s t a g e s  a n d  o t h e r s -

may  have  been  fau l t  b l ocks .  

The  f au l t s  wh i ch  bound  t he  up l i f t s  a r e  mos t l y  c ove r ed  

b y  p ed imen t  a nd  a l l u v i a l  f an  depos i t s ,  bu t  whe re  ob -

se r ved ,  gene r a l l y  appea r  s t eep  t o  v e r t i c a l .  T he  s t e ep  

f au l t s  gene ra l l y  d i p  t owa rd  t he  dep res s i on ,  bu t  whe the r  
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these faults are dominantly and over-all, high-angle thrusts or 
ramps or high-angle gravity faults is not known. Under the 
hypothesis of rifting both types are compatible. 

In conclusion it should be emphasized that the early Cenozoic 
structural elements and sedimentary prisms  

exerted an influence upon the resolution of the later secondary and 
tertiary forces and the consequent structures. The structural pattern 
is complicated and cannot be interpreted by a single simple set of 
regional forces. Deep-seated rifting in late Tertiary time probably is 
the underlying cause of the in echelon basins and uplifts which 
constitute the Rio Grande depression. 
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