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FIELD TRIP GUIDE TO THE VALLES CALDERA 
AND I T S  GEOTHERMAL SYSTEMS 

by 

Fraser  E. Gof f  and Stephen L. B o l i v a r  

ABSTRACT 

T h i s  f i e l d  t r i p  gu ide has been compi led f rom e x t e n s i v e  
f i e l d  t r i p s  l e d  by t h e  authors and co l leagues a t  Los Alamos 
N a t i o n a l  Laboratory d u r i n g  t h e  pas t  s i x  years.  The o r i g i n a l  
v e r s i o n  o f  t h i s  guide was designed t o  augment a workshop on 
t h e  V a l l e s  Caldera f o r  t h e  Cont inenta l  S c i e n t i f i c  D r i l l i n g  
Program (CSDP). Th is  workshop was h e l d  a t  Los Alamos, New 
Mexico, 5-7 October, 1982. We have added more s tops t o  t h i s  
gu ide t o  d i s p l a y  t h e  v o l c a n i c  and geothermal f e a t u r e s  a t  t h e  
V a l l e s  Caldera. The t r i p  covers about 90 m i l e s  (one way) 
and takes  two days t o  complete; however, those who wish t o  
compress t h e  t r i p  i n t o  one day a r e  a d v i s e d  t o  use  t h e  
des ignated s tops l i s t e d  i n  t h e  I n t r o d u c t i o n .  V a l l e s  Caldera 
and v i c i n i t y  comprise bo th  one o f  t h e  most e x c i t i n g  
geothermal areas i n  t h e  U n i t e d  S t a t e s  and one o f  t h e  b e s t  
preserved Quaternary ca ldera  complexes i n  t h e  wor ld.  
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INTRODUCTION 

Th is  l o g  begins a t  the pa rk ing  l o t  of t he  H i l l t o p  House motel  i n  Los 
Alamos, New Mexico. The general r o u t e  w i l l  take you along t h e  P a j a r i t o  
Plateau, i n t o  the  V a l l e s  Caldera, and down t o  Jemez Springs. The V a l l e s  
Caldera, Jemez Mountains, r e l a t i o n s h i p  o f  t he  R io  Grande r i f t  t o  t h e  ca ldera,  
vo l can ic  s t ra t i g raphy ,  geophysics, s t r u c t u r e ,  and hydrothermal systems o f  t h e  
area w i l l  be descr ibed a t  the  respec t i ve  stops. I f  you are  i n t e r e s t e d  i n  a 
compressed one-day f i e l d  t r i p ,  s top on ly  a t  those l o c a t i o n s  designated by *. 
The t r i p  covers about 90 m i l e s  (one way) , however mi leages vary depending on 
v e h i c l e  used, there fore  please recheck you r  mi leage a t  obvious re fe rence 
p o i  n ts .  

NOTE: STOPS 10 AND 11 ARE ON PRIVATE PROPERTY AND REQUIRE PERMISSION'OF 
OWNERS TO ENTER. DO NOT TRESPASS. 

*STOP 1 GUAJE PUMICE AND LATE TERTIARY STRATIGRAPHY 

*STOP 2 WHITE ROCK CANYON OVERLOOK 

STOP 3 BANDELIER TUFF, ANCHO CANYON 

STOP 4 TA-33 CANYON OVERLOOK 

STOP 5 FLOW UNITS I N  WELDED UPPER BANDELIER TUFF 

STOP 6 PAJARITO PLATEAU OVERLOOK AND PAJARITO FAULT 

*STOP 7 VALLE GRANDE OVERLOOK 

STOP 8 SOUTH M O U N T A I N  RHYOLITE AND HYDROTHERMALLY ALTERED 
PALIZA CANYON BASALT 

*STOP 9 MOAT RHYOLITE STRATIGRAPHY 

*STOP 10 REDONDO CREEK GRABEN; BACA #12 WELL PAD 

*STOP 11 SULPHUR SPRINGS 

STOP 12 SAN ANTONIO HOT SPRING 

*STOP 13 WEST CALDERA OVERLOOK 

*STOP 14 FENTON HILL HOT DRY ROCK S I T E  

STOP 15 BATTLESHIP ROCK 

*STOP 16 SODA DAM AND JEMEZ FAULT ZONE 

STOP 17 JEMEZ SPRINGS, DINNER AT LOS OJOS 
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Overview 

The Val les  Caldera occurs in  the Jemez (Hay-mez) Mountains Volcanic F ie ld  
in  north-central  New Mexico, where C .  S. Ross, R .  L .  Smith, and R .  A.  Bailey 
( i n i t i a l l y )  developed the coneept of resurgent  ca lderas  (Smith and Bailey 
1968). Surrounding pl a teaus a re  capped by ash-fl  ow shee ts  of Bandel i e r  T u f f  , 
which erupted duri ng cal dera formati on. 

Volcanism in the Jemez Mountains i s  bracketed between >13 Myr and cO.1 Myr 
(Bai ley e t  a l .  1969; Gardner 1983). With erupt ions of l a rge  volumes of 
Bandelier T u f f ,  the  roof of the magma chamber caved in  1 .4  Myr ago forming the  
Toledo Caldera and again a t  1.1 Myr forming the Valles Caldera. This younger 
ca lde ra ,  which i s  about 19 km i n  diameter, obscures the  Toledo Caldera. After  
the 1 a t e r  col l  apse several  1 a te -s tage  rhyol i t e  domes extruded a1 ong r ing  
f a u l t s  around Redondo Peak, a l a rge  resurgent  dome. Several intermontane 
basins  surround this dome; the best known being the  Valle Grande. 

T h e  Jemez Mountains l i e  a t  the in t e r sec t ion  of the  volcanical ly  ac t ive  
Jemez Lineament and the  t ec ton ica l ly  ac t ive  Rio Grande r i f t  (F igs .  1-3) .  T h e  
Jemez Li neament i s  def i ned as  the a1 i gnment of Late-Cenozoi c vol cani c f i el  d s  
(Laughlin e t  a1 . 1972; Mayo 1958). Volcanism along the Jemez Lineament has 
been continuous s ince  Pliocene time. A1 though intermediate  and s i l i c i c  rocks 
dominate the Jemez Mountains and nearby M t .  Taylor volcanic f i e l d s ,  most of 
the volcanism along the lineament has produced b a s a l t i c  rocks. There a r e  no 
cons i s t en t  time or compositional t rends along the Jemez Lineament (Laugh1 i n  e t  
a l .  1976).  The l a r g e s t  volume of volcanics  erupted i n  the  Jemez Mountains. 

Volcanic h is tory  of the Jemez Mountains and surrounding v i c i n i t y  i s  very 
complex. Bailey e t  a1 . (1969) have divided the volcanic evolution o f  the 
Jemez Mountains i n t o  3 major groups (F igs .  4 and 5 ) .  The Keres Group i s  
domi nated by andesi t i c  1 avas of the Pal i za Canyon Formati on. Basal t i c  through 
r h y o l i t i c  rocks a re  a lso present. Ages range from >13 t o  <7  Myr and or ig ina l  
volume probably exceeded 1000 km’ (Gardner 1983). Present exposures o f  these 
rocks l i e  mostly south  of Valles Caldera, although Union Oil Co. d r i l l e d  400 m 
of these rocks ins ide  the cal dera.  The Pol vadera Group contai  ns predomi nantly 
l a t i t i c  rocks  o f  t h e  Tschicoma Format ion. These rocks  range from about  6.5 t o  
2 Myr and or ig ina l  volume probably exceeded 500 km3.  T h e  Tewa Group includes 
Toledo and Valles Calderas,  t h e i r  assoc ia ted  r h y o l i t e s ,  and the  Upper and 
Lower Bandelier Tuff.  The Toledo Caldera formed 1.4 Myr ago whereas Val les  
Caldera formed 1.1 Myr ago. The youngest volcanic rocks in  the  Jemez 
Mountains a re  rhyo l i t e s  in the southern p a r t  of Val les  Caldera ( l e s s  than 
100,000 years  01 d ) .  

The present  hydrothermal systems of the Val 1 es Caldera a r e  i n t e r e s t i n g  
because of their geologic and s t ruc tu ra l  s e t t i n g s  and un ique  chemical and 
i so top ic  composition (Goff and Grigsby 1982). A high-temperature neutral  
chl o r i  de geothermal system c i  rcul a t e s  beneath the resurgent dome of the 
caldera  and de r iva t ives  of these f l u i d s  leak o u t  t o  the southwest along the 
Jemez Faul t  Zone. Above the deep geothermal system a r e  zones o f  steam-heated 
h o t  spr i  ngs  , most notably , the aci d-sul f a t e  sp r i  ngs of Sul p h u r  S p r i n g s .  
Di lu te  thermal meteoric h o t  springs discharge from several  po in ts  i n  the  
western moat of the caldera .  

3 



, 

A complete geophysica l  p i c t u r e  o f  t h e  ca lde ra  and t h e  c a l d e r a ' s  r e l a t i o n  
t o  t h e  r i f t  has never been pub l ished,  a l though many s t u d i e s  have been done on 
t o p i c a l  problems. Average heat  f l o w  a long t h e  western r i f t  averages about 2.7 
HFU (Heat Flow U n i t s ) ,  whereas i t  l o c a l l y  excee!s 10 HFU w i t h i n  t h e  c a l d e r a  
due t o  convec t ion  ( R e i t e r  e t  a l .  1976). A l though t h e  P a j a r i t o  F a u l t  Zone ( a  
r i f t  f a u l t )  i s  s e i s m i c a l l y  a c t i v e ,  V a l l e s  C a l d e r a  i t s e l f  appears  t o  b e  
v i r t u a l l y  aseismic (D. Cash, Los Alamos, unpub. data,  1982). Union O i l  Co. 
p e r f o r m e d  a g r a v i t y  s u r v e y  o f  t h e  c a l d e r a  and t h e i r  r e s u l t s  s u g g e s t  an  
asymmetric subsurface s t r u c t u r e .  Th is  may be due t o  t h e  ove r lap  o f  t h e  V a l l e s  
and t h e  e a r l i e r  Toledo Caldera, o r  t o  t h e  i n t e r s e c t i o n  o f  t h e  Jemez Lineament 
w i t h  t h e  p r e - e x i s t i n g  R i o  Grande R i f t  s t r u c t u r e .  

I n t r o d u c t o r y  f i g u r e s  are  i nc luded  t o  h e l p  o r i e n t  t h e  v i s i t o r .  F i g u r e  1 
shows t h e  reg iona l  f ea tu res ,  F ig .  2 i nc ludes  major  r i f t - r e l a t e d  s t r u c t u r e s ,  
F ig .  3 ( w i t h  o v e r l a y ) ,  shows major  geographic f e a t u r e s  on LANDSAT imagery, and 
F ig.  4 d i s p l a y s  a l l  s top  l o c a t i o n s .  F igu re  5 shows t h e  s t r a t i g r a p h i c  nomencla- 
t u r e  and genera l  ch rono log ic  r e l a t i o n s  o f  v o l c a n i c  and assoc ia ted  v o l c a n i c l a s t i c  
rocks  o f  t h e  Jemez Mountains. 
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W. L a u g h l i n  f o r  F i g .  3 and M a r c i a  Jones  f o r  t y p i n g ,  Mary Ann O l s o n  f o r  
p repar ing  t h e  cover, Anthony Garc ia  f o r  d r a f t i n g ,  and Robert R iecker  f o r  
c o n s t r u c t i v e  comments. 
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SANTA FE COUNTY 
SANDOVAL COUNTY 

Fig. 1 .  
Index map. Upper pictures  show the locat ion of the r i f t  ( s t i pp led  a r e a ) .  
p ic ture  shows the surrounding region a n d  approximate locat ions for  f i e l d  t r i p  s tops .  

Lower 

F i g .  2 .  
The Jemez Lineament and associated fea tures .  
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F i g .  3 .  
LANDSAT photograph (bands 4 ,  5 ,  7 )  for  t he  Valles Caldera and surrounding 
a rea .  The overlay ( i n  pocket on in s ide  back cover)  (modified by Laughlin 
1981) shows major geographic f ea tu res .  
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Genera l ized geo log ic  map and 
and Smi th 1978), showing f i e  

F ig .  4 .  
s t r a t i g r a p h y  o f  t h e  Jemez Mountains ( f rom B a i l e y  
d t r i p  s tops i n  b o l d  numbers. 
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FORMATDN and MEMBER 

1 

I Otowi Member 1.4-1.6myr ' (includes Ciuaje R m k e  Bed) 

EL RECHUELOS RtlYOLlTE 2.0 myr 

TSCHICOMA FORMATION 6.7 - 3.7 myr 

GROUP 

Santa Ana Mesa, 

Cerros del Rio, 

and El Alto 

2.8 - 1.1 
mYr PUYE , 

FORMATION 

TEWA 

GROUP 

POLVADERk 

GROUP 

KERES 

GROUP 

-0.1 (3 )  myr 

1.1 - 0.4 myr 

3 I 
I Banco Bonito Member I El Calete Member 
I Battleship Rock Member 

I Vale Grande Member 

VALLES 1 

I 
1 , Redondo Creek Member 
I Deer Canyon Member 

I Tshirege Member 1.1 myr I 
I (includes Tsankawi Pumice Bed) 

CERRO RUB10 

QUARTZ LATITE 

BANDELER 

TUFF Basalts of CERRO TOLEDO RHYOLITE 

BEARHEAD RHY OLlTE 7.1 - 8.2 myr COCHlTl 

FORMATION 

PALIZA CANYON FORMATION > 13-6.4 myr 

CANOVAS CANYON RHYOLITE > 13-8.8 myr I 
F i g .  5. 

S t r a t ig raph ic  nomenclature and general chronologic r e l a t i o n s  of volcanic and 
associated vo lcan ic l a s t i c  rocks, of the  Jemez Mountains. Ages show range of 
K-Ar dates  ava i lab le  and do n o t  ' necessa r i ly  ind ica te  maximum and minimum ages 
o f  formations (modified from Bailey and Smith 1978). 
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ROAD LOG 

M i  1 eage 
between Cumulative 
observa t ions  Mi leage START FIELD T R I P  

0.0 0.0 Begin f i e l d  t r i p  i n  west pa rk ing  l o t ,  H i l l t o p  House, 
Los Alamos, New Mex ico .  T u r n  l e f t ,  h e a d i n g  e a s t  
on to  T r i n i t y  Dr ive ,  l oop  Highway 4. 

1.0 I n  t h e  d i s t a n c e  ( e a s t )  a r e  t h e  Sangre  de C r i s t o  
Mountains fo rming  t h e  eas t  w a l l  o f  t h e  R i o  Grande 
r i f t .  The snow-capped peaks a t  1 1 : O O  a r e  Truchas 
Peaks, e l e v a t i o n  4000 m. 

1.0 

1.0 
2.0 Philomena's New Mexican Restaurant  and abandoned 

guardhouse. 
1.3 

Sangre de Cristo Mountains 

Fig. 6. 
Senator C l i n t o n  P. Anderson Memorial Overlook. The c l i f f s  a re  composed of  
we1 ded upper Bandel i e r  Tu f f .  
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1.1 

0.9 

10 

3.3 Senator C1 i nton P. Anderson Memori a1 Over1 ook (F ig .  
6 ) .  The c l i f f s  a r e  composed o f  t h e  u p p e r  member 
(Ts h i  rege) o f  Bandel i e r  T u f f .  P ink scu l  p t u r e d  
s e d i m e n t s  o f  t h e  r i f t  can be seen i n  t h e  m i d d l e  
d i s t a n c e  between t h e  mesas. 

4.4 J u n c t i o n  Truck Highway 4, go s t r a i g h t  ahead ( e a s t ) .  

5.3 Park  i n  l a r g e  t u r n - o u t ,  r i g h t  s i d e  o f  h ighway a t  
head o f  Los Alamos Canyon. 

*STOP 1: GUAJE PUMICE AND LATE TERTIARY STRATIGRAPHY 

Guaje Pumice Bed o f  t h e  Otowi Member o f  t h e  
B a n d e l i e r  T u f f  (F ig .  7 )  o v e r l i e s  2.4 Myr b a s a l t  i n  
r o a d c u t  on l e f t .  N o t e  s o i l  d e v e l o p e d  on t o p  o f  
b a s a l t .  I n  t h e  s lopes and c l i f f s  above t h e  b a s a l t ,  
about 100 m o f  Bande l ie r  T u f f  i s  exposed. The Guaje 
Pumice Bed i s  about 7 m t h i c k  here, b u t  t h e  bed i s  
commonly as much as 10 m t h i c k  on t h e  e a s t  s i d e  o f  
t h e  mountains. Under ly ing  t h e  s lopes and exposed i n  
g u l l i e s  t o  t h e  base o f  t h e  c l i f f s  a r e  about 50 m o f  
nonwelded Otowi  ash  f l o w s .  A t  t h e  base o f  t h e  
c l i f f s  a r e  1 m o f  t h e  Tsankawi  Pumice Bed o f  t h e  
Tshi rege Member, and above a r e  50 m o f  p a r t l y  welded 
Tshi rege ash f lows. I n  t h e  upper 30 m o f  columnar- 
j o i n t e d  t u f f ,  a t  l e a s t  e i g h t  d i s t i n c t  f l o w  u n i t s  
separated by sandy p a r t i n g s  and pumice 
concent ra t ions  a r e  d i s c e r n i b l e .  

The b a s a l t  u n d e r l y i n g  t h e  Bande l ie r  a t  t h i s  l o c a l i t y  
e rup ted  f rom a vent  exposed i n  t h e  gorge immediate ly  
south of  t h e  road. The f l o w  grades downward i n t o  
p i l l o w e d  p a l a g o n i t e  b r e c c i a ,  which d i s p l a y s ,  i n  t h e  
road below and i n  t h e  c l i f f s  on t h e  south s i d e  o f  
t h e  canyon, remarkable f o r e s e t  bedding -- an i n d i c a -  
t i o n  t h a t  t h e  f l o w  s p r e a d  e a s t w a r d  f r o m  t h e  v e n t  
i n t o  a l a k e  t h a t  probably  formed by damming of  t h e  
R i o  Grande elsewhere i n  t h e  v i c i n i t y .  About 200 m 
down t h e  highway and t o  t h e  eas t ,  w a t e r - l a i d  
b a s a l t i c  ash and l a c u s t r i n e  c l a y s  u n d e r l i e  t h e  palag-  
o n i t e  b r e c c i a ;  t h e  ash  and c l a y s  p r o v i d e  f u r t h e r  
evidence o f  e r u p t i o n  i n t o  a former lake.  F u r t h e r  
down t h e  road, a tongue o f  b a s a l t  a t  t h e  t o e  of t h e  
f l o w  has i n j e c t e d  b a s a l t  i n t o  sand and grave l  beds, 
caus ing i n t e n s e  de format ion  o f  t h e  sand and gravel .  
On t h e  n o r t h  s i d e  o f  t h i s  tongue, t h e  b a s a l t  was i n  
steep c o n t a c t  w i t h  r ipp le-marked sediments t h a t  have 
s i n c e  been s t r i p p e d  f r o m  t h e  c o n t a c t ,  e x p o s i n g  a 
c a s t  o f  t h e  r ipp lemarks  i n  t h e  b a s a l t  surface. 

To t h e  eas t  and 100-300 m down t h e  highway, lacus-  
t r i n e  c l a y s  o v e r l i e  coarse bou lder  beds o f  t h e  Puye 





Formation. T h e  Puye i s  composed mainly of volcani- 
c l a s t i c  debr i s  derived from the cent ra l  and northern 
Jemez Mountains by rapid erosion of Tschicoma quar tz  
1 a t i  tes and by reworking of associated pyrocl a s t i  C 
deposi ts .  Proximal f a c i e s  of the formation c o n s i s t  
1 argely of 1 i t h i  c pyrocl a s t i  c and 1 ahar ic  depos i t s  , 
whereas d i s t a l  f a c i e s  a r e  f l u v i a l .  The base of the 
formation contains  beds cons is t ing  predominantly Of  
well - rounded b o u l d e r s  of  Precambr ian  g r a n i t e  and 
metamorphic rocks from d i s t a n t  sources. T h i s  u n i t ,  
the Totavi Lent i l  of the Puye Formation (Griggs 
1964), i s  a channel depos i t  of the ances t ra l  Rio 
Grande, w h i c h  was forced eastward by rapid growth of 
the huge vo lcan ic l a s t i c  fan t h a t  forms the Puye 
Formation. 

T u r n  vehicles around and go west. 
0.8 

0.9 

0.2 

0.1 

6.1 Junct ion Loop Highway 4 ,  turn l e f t  on truck route  

7 .O 

(Highway 4 )  toward White Rock. 

Indian caves i n  upper Bandelier Tuff on r i g h t .  

7 .2  Tsankawi Indian ruins on l e f t .  

7.3 Junct ion w i t h  truck route  t o  Los Alamos, go s t r a i g h t  
ahead. 

2.7 
10 .o White Rock (one of many legends imply town was named 

a f t e r  a rock t h a t  was painted white so t h a t  an army 
u n i t  could f i n d  the loca t ion ) .  T u r n  l e f t  on to  Rover 
B1 vd. 

0.1 

0.9 
10.1 T u r n  l e f t  onto Meadow Lane. 

11 .o T u r n  l e f t  onto Overlook Road; continue p a s t  soccer 
and baseball  f i el ds.  

0.7 
11.7 Park i n  parking l o t .  

*STOP 2.  WHITE ROCK CANYON OVERLOOK 

Walk t o  end of overlook. To the nor theas t ,  through 
the gap, i s  Black Mesa (Fig.  8 ) .  The i s o l a t e d  mesa 
due e a s t  i s  La Mesita, a spectacular  maar. Behind 
you, next t o  the w a t e r f a l l ,  is a pil low-palagonite 
complex ( F i g .  9). To the southwest i s  Bandelier 
T u f f ,  l ands l ide  deb r i s ,  and many slump blocks of 
b a s a l t  (Fig.  10) .  To the southeas t  i s  a plateau and 
low sh ie ld  volcanoes, which  a r e  p a r t  of the e a r l i e r  
Cerros del Rio b a s a l t  f i e l d  (Baldridge 1979). 

1.6 
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1.6 

0.9 

0.1 

0.9 

1 . 3  

1.7 

0.7 

13.3 

14.2 

14.3 

15.2 

16.5 

18.2 

Return t o  Highway 4, t u r n  l e f t  and c o n t i n u e  
cumula t ive  mileage. 

J u n c t i o n  P a j a r i t o  Road, cont inue s t r a i g h t  on Highway 
4. 

B a s a l t  o u t c r o p  o f  C e r r o s  d e l  R i o  f i e l d ;  t h e  l o w  
h i l l s  t o  t h e  eas t  a r e  vents  f o r  s i m i l a r  basa l ts .  

Tsankawi pumice bed over  b a s a l t  ( r i g h t  s i d e  o f  
road) . 
Small a r r o y o  i n  b a s a l t .  Bande l ie r  T u f f  on h - i l l s i d e s .  

Descend i n t o  Ancho Canyon. Bande l ie r  T u f f  outcrops.  

Fig. 8. 
Looking eas t  f rom White Rock Canyon Overlook. 
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Fig.  9. 
Looking nor thwest  towards t h e  Jemez Mountains. 
pa lagonized t o  t h e  r i g h t  o f  t h e  stream. 

The b a s a l t i c  rocks  a re  h e a v i l y  

F ig .  10. 
Looking southwest. Slump b locks  o f  b a s a l t  and patches o f  remnant ( w h i t e )  
Bandel i e r  can be seen. 

14 



18.9 Road t o  Ancho t e c h  area on r i g h t .  

19.2 Park i n  smal l  t u r n o u t  on r i g h t  s i d e  of Highway 4. 

STOP 3: BANDELIER TUFF, ANCHO CANYON 
(DO NOT STOP H t R t  I k  YOU ARE ON A ONE-DAY TRIP.) 

0.1 

20.3 

1 1.7 

Roadcut on r i g h t  (F ig .  11) exposes a smal l  mound o f  
b u f f ,  nonwelded ash- f low t u f f  (Otowi Member) 
o v e r l a i n  by a l - m - t h i c k  gray pumice f a l l  (Tsankawi 
Pumice Bed) and w h i t e  nonwelded ash- f low t u f f  
( T s h i r e g e  Member). Near t h e  c r e s t  o f  t h e  Otowi  
mound, i n d u r a t e d  z e o l i t i z e d  ground-water t a b l e s  i n  
t h e  Tshi  rege ash-f low t u f f  curve  downward fo rming  
cones o f  depress ion t h a t  mimic former p i e z o m e t r i c  
surfaces drawn down by t h e  more permeable Tsankawi 
Pumice Bed. N o t e  t h a t  t h e  cones o f  d e p r e s s i o n  
steepen i n  success ive ly  lower  l e v e l s .  Successive 
l o w e r i n g  o f  t h e  water  t a b l e  i n  t h i s  area i s  r e l a t e d  
t o  t h e  c u t t i n g  o f  Ancho Canyon and t o  concomi tant  
p rogress ive  headward m i g r a t i o n  of a w a t e r f a l l  upheld 
by a b a s a l t  f l o w  exposed about 1 km down-canyon. 

Many I n d i a n  r u i n s  occur i n  t h e  c l i f f s  o f  t h i s  area. 

Cont inue south on Highway 4. 

Tech Area 33, t u r n  l e f t  through gate, then hard l e f t  
and go n o r t h  on paved r o a d  (NOTE: T H I S  A R E A  I S  
CLOSED TO V I S I T O R S  ON WEEKENDS, HOWEVER WHITE ROCK 
CANYON OVERLOOK OFFERS S I M I L A R  SPECTACULAR SCENERY). 

22.0 Turn l e f t  on inconspicuous d i r t  road j u s t  b e f o r e  end 
o f  pavement. 

22.1 Park i n  wide area i n  f r o n t  o f  over look.  

STOP 4: TA-33 CANYON OVERLOOK 
(DO NOT STO P H E R t  I F  YOU ARE ON A ONE-DAY TRIP.) 

White Rock Canyon, more than 600 m deep, has been 
c u t  by t h e  R i o  Grande near t h e  d i s t a l  ends o f  sheets 
o f  B a n d e l i e r  T u f f .  A s m a l l  o u t l i e r  o f  B a n d e l i e r  
T u f f  can be seen o v e r l y i n g  b a s a l t  about 4 km 
upstream on t h e  e a s t  w a l l  o f  t h e  canyon. The t u f f  
f i l l s  i n  b a s a l t  topography f rom t h e  Cerros d e l  Rio. 

Flows f rom t h e  Cerros d e l  R i o  a r e  most ly  b a s a l t  and 
basal  t i c  a n d e s i t e  b u t  i n c l u d e  some 1 a t i  t e s  
( B a l d r i d g e  1979). In terbedded maar d e p o s i t s  seen on 
canyon w a l l s  a t t e s t  t h a t  an a n c e s t r a l  R i o  Grande was 
assoc ia ted  w i t h  some o f  t h e  erup t ions .  P ink  
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Fig.  11. 
Upper and Lower B a n d e l i e r  T u f f  n e a r  Ancho Canyon. 
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sediments o f  t h e  Santa Fe Format ion c rop  o u t  beneath 
t a l u s  on t h e  lower  canyon wa l ls .  

Large lands1 i d e  b locks  o f  b a s a l t  and unconso l ida ted  
Santa Fe Format ion have broken o f f  each s i d e  o f  t h e  
canyon. 

To our l e f t  (wes t )  a r e  t h e  l a r g e  domes o f  Tschicoma 
Format ion d a c i t e s  and l a t i t e s  t h a t  over look t h e  
P a j a r i t o  P la teau and Los Alamos (F ig .  12). V a l l e s  
Caldera i s  j u s t  beyond t o  t h e  west. 

W h i t e  Rock Canyon i s  a f a v o r i t e  o f  r a f t e r s  and 
canoers b u t  i t  demands s k i l l  because o f  two major  
rap ids .  

Turn around and r e t u r n  toward gate a t  TA-33. 

F ig .  12. 
View l o o k i n g  nor thwest  across P a j a r i t o  P la teau and i t s  cap o f  upper B a n d e l i e r  
T u f f  toward v o l c a n i c  domes o f  S i e r r a  Los Val les.  
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0.6 

23.9 

24.2 

25.2 

27.0 

29.9 

Go t h r o u g h  g a t e ,  T A - 3 3 ,  and t u r n  l e f t  ( w e s t )  on 
Highway 4. 

View o f  S t .  Peters  Dome a t  10 o l c l o c k  (~18.5 Myr) ,  
p re-ca ldera  v o l c a n i c  rocks o f  t h e  Keres Group. The 
dome i s  an apparent o u t l i e r  o f  P a l i z a  Canyon 
Format ion surrounded by Bande l ie r  Tuff .  

Road t o  Bande l ie r  N a t i o n a l  Monument on l e f t .  We a r e  
d r i v i n g  up a g e n t l e  d i p  s lope on t h e  eroded s u r f a c e  
o f  Bande l ie r  T u f f .  

La Mesa f o r e s t  f i r e  damage (1977). 

Park i n  l a r g e  t u r n o u t  l e f t  s i d e  o f  road; smal l  f a u l t  
scarp i n  t u f f  i s  p a r t  o f  P a j a r i t o  f a u l t  zone. Walk 
up t h e  road about 70 m t o  s top  5. 

STOP 5: FLOW UNITS I N  WELDED UPPER BANDELIER TUFF 
(DO NOT STOP HERE I F  YOU ARE ON A ONE -DAY T R I P  . ) 
The i n t e r n a l  s t r a t i g r a p h y  o f  t h e  Bande l ie r  T u f f  i s  
complex because each member i s  composed o f  severa l  
f l o w  u n i t s  e r u p t e d  i n  a s h o r t  space o f  t i m e  t h a t  
s o l i d i f i e d  as a compound c o o l i n g  u n i t  o r  composi te 
ash- f low sheet. I n  a d d i t i o n ,  t h e  magma chamber t h a t  
e rup ted  Bandel i e r  T u f f  i s  composi t ional  l y  zoned 
because e a r l y  f l o w  u n i t s  a r e  more s i l i c i c  and c r y s -  
t a l  p o o r  ( ~ 1 5 %  p h e n o c r y s t s )  whereas t h e  l a s t  f l o w  
u n i t s  a r e  more m a f i c  and c r y s t a l  r i c h  (~130% 
phenocrysts) .  Whereas s a n i d i n e  and f a y a l i t e  
c h a r a c t e r i z e  e a r l y  f l o w  u n i t s ,  anor thoc lase  and 
hypersthene c h a r a c t e r i z e d  t h e  1 a s t  f l o w  u n i t  (Doe1 1 
e t  a l .  1968). A t  t h i s  stop, we can observe about 
2-3 m o f  t h e  welded anor thoc lase  b e a r i n g  f l o w  u n i t  
separated f rom a lower  f l o w  u n i t  by a few 
cent imeters  o f  base surge m a t e r i a l  (F ig .  13). The 
t e x t u r e  of t h e  "anor thoc lase  u n i t "  changes r a d i c a l l y  
f rom t o p  t o  bottom. Note i n  p a r t i c u l a r  t h e  change 
i n  t e x t u r e  of pumice fragments. 

Cont inue west on Highway 4. 

31.0 

31.6 

J u n c t i o n  Highway 4 and Loop Highway 4; go s t r a i g h t  
up P a j a r i t o  f a u l t  scarp. 

P a r k  i n  s m a l l  t u r n o u t  beyond r i g h t - a n g l e  bend i n  
road. BE CAREFUL OF CARS! 
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F i g .  13. 
Flow u n i t s  i n  Upper Bande l ie r  Tuff separated by t h i n  base surge depos i t  (by 
notebook) .  
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STOP 6: PAJARITO PLATEAU OVERLOOK AND PAJARITO FAULT 
( D O  NOT STOP HERE 1.F YOU ARE ON A ONE-DAY TRIP). 

Below t h e  escarpment, a t  t h e  sharp t u r n  i n  t h e  road, 
spreads t h e  g e n t l y  eastward-s lop ing s u r f a c e  o f  t h e  
P a j a r i t o  P l a t e a u ,  fo rmed o f  a s h - f l o w  d e p o s i t s  o f  
Bande l ie r  T u f f  (F ig .  14). I n  t h e  near  d i s t a n c e  i s  
White Rock Canyon, gorge o f  t h e  R i o  Grande, and j u s t  
beyond are  t h e  Cerros de l  Rio,  composed o f  P l iocene 
and P l e i s t o c e n e  b a s a l t i c  rocks a g a i n s t  which l a p  t h e  
d i s t a l  ends o f  t h e  Bande l ie r  T u f f  ash f lows. On t h e  
s k y l i n e  a r e  t h e  Sangre de C r i s t o  Mountains, which 
border  t h e  eas t  s i d e  o f  t h e  R i o  Grande r i f t .  

Ash-flow t u f f s  o f  t h e  P a j a r i t o  P la teau b l a n k e t  t h e  
southwest segment o f  t h e  EspaEola Basin, one o f  t h e  
s e d i m e n t a r y  b a s i n s  o f  t h e  R i o  Grande r i f t .  From 
g r a v i t y  (Budding 1978), se ismic l i n e s  (Los Alamos 
Nat iona l  Laboratory,  unpubl ished data,  1979) and a 
time-domain e l e c t r i c  survey ( W i l l i s t o n ,  McNeal & 

Fig. 14. 
P a j a r i t o  P la teau over look;  t h e  P a j a r i t o  F a u l t  forms a nor th -south  scarp here. 
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32.9 

Associates 1979), we know t h a t  t h e  Espaiiola Basin i s  
asymmetric i n  c o n f i g u r a t i o n ;  be ing  deepest on t h e  
west n e x t  t o  t h e  P a j a r i t o  F a u l t  and becoming 
sha l lower  t o  t h e  east.  Depth t o  Precambrian base- 
ment j u s t  beyond where w e ' r e  s tand ing  i s  es t imated  
t o  be a b o u t  3.5 km. A 3-7 n-m r e s i s t i v i t y  l o w  
between 2-and 3-km depth ad jacent  t o  and e a s t  o f  t h e  
f a u l t  suggests t h a t  w a r m  and/or s a l  i n e  f l u i d s  e x i s t  
i n  Paleozoi  c-Mesozoi c rocks,  probably  Madera Lime- 
s tone above basement. Many se ismic r e f l e c t o r s  o f  
cont inuous h o r i z o n t a l  e x t e n t  above t h e  basement 
i n t e r f a c e  a l s o  suggest up t o  1.5 km of Pa leozo ic -  
Mesozoic rocks. T e r t i a r y  f i l l  i s  es t imated  t o  be 
r o u g h l y  1400 m t h i c k  o v e r l a i n  b y  600+ m o f  Puye 
Format ion and B a n d e l i e r  T u f f .  

The escarpment  a t  t h e  t u r n  i n  t h e  r o a d  i s  t h e  
P a j a r i t o  f a u l t ,  which extends 50 km a long t h e  e a s t  
s i d e  o f  t h e  Jemez Mountains and i s  one o f  t h e  main 
d i s p l a c e m e n t s  on t h e  west  s i d e  o f  t h e  R i o  Grande 
r i f t .  The P a j a r i t o  f a u l t  has been i n t e r m i t t e n t l y  
a c t i v e  throughout  P1 e i  stocene t i m e  and has d i  s p l  aced 
3-  t o  4-Myr l a t i t e s  o f  t h e  Tschicoma Format ion as 
much as 300 m and has d i s p l a c e d  t h e  B a n d e l i e r  T u f f  
100-150 m. I n  t h e  roadcuts  on t h e  l e f t  a r e  severa l  
gouge zones between which l a r g e  b l o c k s  o f  densely  
welded Bandel i e r  T u f f  have been s t e e p l y  t i  1 t e d  
eastward . 
Examinat ion of t h e  more g e n t l y  d i p p i n g  B a n d e l i e r  i n  
outcrops 100-500 m west a long t h e  road w i l l  revea l  
two o r  t h r e e  t h i n ,  sandy p a r t i n g s  between densely  
welded f l o w  u n i t s  as w e l l  as a number o f  v e r t i c a l  
fumaro l i c  p ipes  c o n t a i n i n g  c o n c e n t r a t i o n s  o f  
gas-ent ra ined q u a r t z  and s a n i d i n e  phenocrysts.  The 
occurrence of these p a r t i n g s  and p i p e s  w i t h i n  such a 
d e n s e l y  w e l d e d  u n i t  i n d i c a t e s  t h a t  b o t h  f e a t u r e s  
formed w i t h i n  a very s h o r t  t i m e  span d u r i n g  which 
t h e  f lows remained s u f f i c i e n t l y  h o t  t o  weld 
together .  Each member o f  t h e  Bande l ie r  T u f f  
c o n s i s t s  o f  numerous f l o w  u n i t s  t h a t  c o n s t i t u t e  a 
compound c o o l i n g  u n i t  ( S m i t h  1 9 6 0 ) ;  however ,  t h e  
m u l t i p l e - f l o w  c h a r a c t e r  o f  t h e  Tshi rege Member i s  
more conspicuous than t h a t  o f  t h e  Otowi. 

The t u f f  here i s  more densely welded because o f  i t s  
prox imal  r e l a t i o n  t o  V a l l e s  Caldera. Pumice 
f ragments a r e  f 1 a t tened and chatoyant  b l  ue sani  d i  ne 
phenocrysts a r e  q u i t e  obvious. 

Cont inue west on Highway 4. 

Outcrops o f  Tschicoma l a t i t e  f l o w s  on r i g h t .  
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34.0 Sandoval County l i n e ,  Bande l ie r  Nat iona l  Monument 

34.5 F r i j o l e s  Canyon on l e f t .  

36.0 Slow, sharp curve. 

36.8 Road t o  S t .  P e t e r ' s  Dome on l e f t .  

37.6 Pass over  eas t  l i p  o f  V a l l e s  Caldera; Redondo Peak 
i n  d is tance.  

1.3 
38.9 P a r k  i n  t u r n o u t  by y e l l o w  s i g n  on r i g h t  s i d e  o f  

Highway 4. 

*STOP 7 :  VALLE GRANDE OVERLOOK 

The h i g h  f l a t - t o p p e d  mountain t o  t h e  west i s  Redondo 
Peak, summit o f  t h e  resurgent  dome (F ig.  15). The 
h i g h  knob j u s t  t o  t h e  n o r t h  ( R e d o n d i t o )  and t h e  
lower  r i d g e  ex tend ing  n o r t h e a s t  (Redondo Ex tens ion)  
a l s o  a r e  s t r u c t u r a l  elements o f  t h e  resurgent  dome. 
A l l  a r e  u n d e r l a i n  by densely welded Bande l ie r  T u f f ,  
which d i p s  g e n e r a l l y  southeast  toward t h e  observer. 
Postca l  dera r i n g  domes o f  V a l  1 e Grande Member t h a t  
a r e  p e r i p h e r a l  t o  t h e  resurgent  dome i n c l u d e  0.49 
Myr South Mountain, j u s t  south o f  Redondo Peak; 0.50 
Myr Cerro La Jara  ( t h e  smal l  t r e e d  knob immediate ly  
t o  i t s  e a s t ) ;  and t h e  h e a v i l y  logged mountains i n  
t h e  midd le  d i s t a n c e  t o  t h e  nor th ;  these mountains, 
f r o m  l e f t  t o  r i g h t ,  i n c l u d e  0.88 Myr C e r r o  S a n t a  
Rosa, 0.89 Myr Cerro d e l  Abr igo,  and 1.04 t o  1.14 
Myr Cerro d e l  Medio. 

The r i m  o f  t h e  V a l l e s  Caldera begins a t  t h e  f a r  l e f t  
(southwest) ,  con t inues  behind t h e  observer,  and 
extends t o  t h e  grass-covered peaks o f  Cerro Grande 
and P a j a r i t o  Peak on t h e  f a r  r i g h t .  The red-brown, 
t a l u s - s t r e w n  peak o f  Cerro Rubio i s  on t h e  e a s t  r i m ,  
a t  i t s  j u n c t i o n  w i t h  t h e  s o u t h  r i m  o f  t h e  T o l e d o  
Caldera. Tschicoma Peak ( e l e v a t i o n  3557 m), which 
forms t h e  n o r t h  r i m  o f  t h e  Toledo Caldera, i s  j u s t  
v i s i b l e  on t h e  f a r  n o r t h e a s t  s k y l i n e .  The V a l l e s  
Caldera r i m  cont inues  nor thwest  o u t  o f  v iew behind 
t h e  h e a v i l y  logged r h y o l i t e  r i n g  domes o f  Cerro d e l  
Medio, Cerros d e l  Abr igo,  and Cerro Santa Rosa. The 
r i m  i s  again v i s i b l e  on t h e  f a r  n o r t h e r n  s k y l i n e ,  as 
i s  t h e  grass-covered face  o f  Cerro de l a  G a r i t a  18 
km d i s t a n t .  

R a b b i t  M o u n t a i n  on t h e  s o u t h  r i m  o f  t h e  V a l l e s  
Caldera i s  a l a r g e  r h y o l i t e  c e n t e r  t e m p o r a l l y  and 
c h e m i c a l l y  r e l a t e d  t o  t h e  C e r r o  T o l e d o  R h y o l i t e ,  
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I 

Panoramic view l o o k i n g  west 
Peak, t h e  n o r t h e r n  moat rhyo 

Fig. 15. 
t o  northwest across V a l l e  Grande toward Redondo 

i t e s ,  and t h e  southern p a r t  o f  Toledo Caldera. 

I 
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which e r u p t e d  mainly w i t h i n  t h e  Toledo Ca lde ra  
between 1.4 and 1.1 Myr ago. 

Geothermal devel opment and the cooperative agreement 
between Union  O i l  Company of Cal i forn ia  and the U.S. 
'Department of  Energy have made d r i l l  h o l e  and 
geophysical data ava i l ab le  t o  give us a c l e a r e r  
p i c tu re  of subsurface caldera  s t ruc tu re .  The most 
s i g n i f i c a n t  information i s  the  grav i ty  report o f  
Segar (1974) .  His gravi ty  model shows a l a rge  
negative grav i ty  anomaly centered over the  cal  dera 
a s  expected b u t  a l s o  shows a northeast- t rending zone 
of 1 ows overlying the  Val 1 e Grande-To1 edo Caldera 
a rea .  His data  a l s o  reveal a series of s t eep  
northeast- t rending gradien ts  a t  several  l oca t ions  
a c r o s s  the c a l  d e r a  i n t e r p r e t e d  a s  p r e c a l  d e r a  
s t r u c t u r e s  ( faul t s )  associated w i t h  the  R i  o Grande 
r i f t .  A northeast- t rending horst under1 i e s  Redondo 
Peak b u t  no  such s t r u c t u r e  i s  a p p a r e n t  benea th  
Redondo Border on the west s ide  of t he  medial graben 
c u t t i n g  the resurgent  dome. A l a rge  northeast-  
t r e n d i n g  oval low o v e r l a p s  t h e  boundary between 
Valles Caldera and w h a t  remains of Toledo Caldera. 
These d a t a  show t h a t  p r e - e x i s t i n g  f a u l t s  and 
s t r u c t u r e  of t h e  r i f t  s t r o n g l y  i n f l u e n c e  t he  
subsurface s t r u c t u r e  of the two ca lderas  (Goff 1983). 

As a r e s u l t  of t he  Valles Caldera Workshop (October 
5-7, 19821, sponsored by the  Continental S c i e n t i f i c  
Dril l ing Program, preliminary geophysical evidence 
i n  s u p p o r t  of "source magma" a t  depth i s  extensive: 

(1) Seismic ana lys i s  based on chemical explosions 
detonated near Farmington ,  New Mexico, shows b o t h  S 
wave and amplitude a t t enua t ion ,  as  well a s  P wave 
del ays and tel ese i  smi c frequency changes suggesting 
anomal ies beneath the  cal dera (01 sen e t  a1 . 1983). 

(2) The l a c k  o f  e a r t h q u a k e s  under the  c a l d e r a  
compared t o  an otherwi se higher regional sei smi c i  t y  
i s  evidence f o r  a change i n  mater ia l  behavior i n  the  
rocks  below t h e  c a l d e r a  ( D .  Cash, Los Alamos 
National Laboratory, personal communication, 1982). 

( 3 )  An e l e c t r i c a l  conductor e x i s t s  a t  10-12 km below 
the  c a l d e r a  and i s  coupled  w i t h  a r e g i o n a l  
e l e c t r i c a l  anomaly (Hermance 1979). 

( 4 )  The t e m p e r a t u r e  g r a d i e n t  a n a l y s e s  s u g g e s t  a 
magmatic heat  source ( Swanberg 1983). 

(5) Perhaps the most compel 1 i ng evidence concerns 
the e x i s t e n c e  of  r e c e n t  volcanism and major  
hydrothermal systems. 
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Cont i  nue southwest a1 ong Highway 4. 
2.1 

41 .O Road t o  o l d  g o l d  m in ing  d i s t r i c t  o f  B land on l e f t .  
0.8 

0.8 
41.8 

42.6 On r i g h t  a re  v e r t i c a l l y  sheeted d e v i t r i f i e d  cores  o f  

43.6 Turn r i g h t  and park i n  Las Conches campground, which 

Road t o  Pera l  t a  Canyon on 1 e f t .  

r h y o l  i t e  f lows,  South Mountain r h y o l  i te .  

makes a d e l i g h t f u l  l unch  stop. ’ 

1 .o 

STOP 8: SOUTH MOUNTAIN RHYOLITE AND HYDROTHERMALLY ALTERED 
PALIZA CANYON BASALT 
(DO NOT STOP HtRt I F  YOU ARE ON A ONE-DAY TRIP.) 

I f  you examine t h e  r h y o l i t e  ou tc rops  across Jemez 
Creek, t h e  rock  d i s p l a y s  t i n y  1- t o  2-mm spheres o f  
d e v i  t r i  f i ed r o c k  ( s p h e r o i  d a l  t e x t u r e )  caused by  
d e u t e r i c  a1 t e r a t i o n s  o c c u r r i n g  i n  t h e  rock  a f t e r  
e r u p t i o n  and d u r i n g  c o o l i n g .  Note t h e  p a l e  p i n k  o r  
g r e y  q u a r t z  p h e n o c r y s t s .  O t h e r  p h e n o c r y s t s  a r e  
p l a g i o c l a s e ,  s a n i d i n e ,  h o r n b l e n d e ,  b i o t i t e ,  and 
c l  i nopyroxene. C r y s t a l  - r i c h  r h y o l  i t e s  such as t h i  s 
one (age = 0.49 Myr) a re  n o t  uncommon t o  t h e  moat 
zone o f  V a l l e s  Caldera.  They have erup ted  a long t h e  
r i n g - f r a c t u r e  zone a f t e r  ca lde ra  fo rmat ion .  

The r h y o l i t e  f lowed over  and a g a i n s t  c a l d e r a  w a l l  
rocks  t h a t  have l a n d s l i d  i n t o  the  ca lde ra  depress ion 
( F i g .  1 6 ) .  A t  t h i s  p o i n t ,  c a l d e r a  w a l l  r o c k s  
c o n s i s t  o f  h y d r o t h e r m a l l y  a1 t e r e d  b a s a l  t o f  t h e  
P a l i z a  Canyon Formation (88-10 Myr?) .  Examination 
o f  hand specimens shows t h e  o r i g i n a l  b a s a l t  i s  now 
dense and g reen ish  b lack .  The r e d d i  sh-brown b lobs  
a re  a1 t e r e d  01 i v i  ne phenocrysts.  Cal c i  t e ,  qua r t z ,  
F e - o x i d e s ,  and some z e o l i t e s  f i l l  vugs and 
f r a c t u r e s .  Th in  sec t i ons  show g reensch is t  f a c i e s  
g rade  o f  metamorphism w i t h  c h l o r i t e ,  a1 b i  t e ,  
s e r i c i  t e ,  and some e p i d o t e  rep1 ac ing  o r i g i n a l  p l  a g i  0- 
c l  ase , o l  i v i  ne, c l  i nopyroxene, and g l  ass. The age 
o f  t h i s  a l t e r a t i o n  i s  n o t  p r e c i s e l y  known. It c o u l d  
be assoc ia ted  w i t h  o t h e r  a l t e r a t i o n  zones t h a t  occur  
t h r o u g h o u t  t h e  l o w e r  P a l i z a  Canyon F o r m a t i o n  o r  
p o s s i b l y  w i t h  processes j u s t  preceding fo rma t ion  o f  
V a l l e s  Caldera. Green a l t e r a t i o n s  such as t h i s  
occur a t  a few p laces  a long t h e  west and n o r t h  
c a l  dera w a l l  s i n  o t h e r  p reca l  dera v o l  can ics  , b u t  
they have never been i n v e s t i g a t e d .  
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Fig. 16. 
Lands1 i d e  b l o c k  o f  hydro thermal ly  a1 t e r e d  P a l  i z a  Canyon b a s a l t  a long south  
c a l d e r a  w a l l  . 

Cont inue west on Highway 4. 

a i r f a l l  E l  C a j e t e  Pumice. 

0.9 
44.5 We b e g i n  d r i v i n g  t h r o u g h  a s e r i e s  o f  o u t c r o p s  o f  

46.2 Bandel i e r  T u f f  on d i s t a n t  hor izon. 

48.3 Park on l e f t  s i d e  o f  Highway 4, j u s t  beyond creek 

1.7 

2.1 

cross ing.  

*STOP 9: MOAT RHYOLITE STRATIGRAPHY 

Exposed i n  downward succession i n  roadcut  (Fig.  1 7 )  
a r e  t h r e e  members o f  t h e  V a l l e s  R h y o l i t e :  1 )  v i t r o -  
p h y r i c  b l o c k s  o f  t h e  b a s a l  p a r t  o f  Banco B o n i t o  
g l a s s  f l o w ,  2 )  w e l l - b e d d e d  pumice and a s h  o f  E l  
Caje te  Pumice, and 3 )  South Mountain R h y o l i t e  f low.  
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Fig.  17. 
The bedded a i r f a l l  and a s h - f l o w  d e p o s i t s  o f  E l  C a j e t e  R h y o l i t e  o v e r l i e  
e r o s i o n a l  topography on South Mountain R h y o l i t e  and u n d e r l i e  o b s i d i a n  
c o l l u v i u m  from Banco Bon i to  Rhyo l i t e .  

Most o f  t h e  beds i n  t h i s  s e c t i o n  o f  t h e  E l  Ca je te  
Pumice a re  a i r - f a l l  depos i t s ,  i n  t h e  lower  p a r t  a r e  
two ash f l ows ,  each 2-3 rn t h i c k ,  w i t h  p i n k i s h  c o l o r  
due t o  h igh- tempera ture  o x i d a t i o n .  U n l i k e  t h e  
l a t e r a l  l y  p e r s i s t e n t  a i  r - f a l l  beds, t hey  a r e  1 i m i t e d  
i n  e x t e n t  and f i l l  a sha l low swale, t h i c k e n i n g  i n  
t h e  cen te r  and t h i n n i n g  a t  t h e i r  margins. 

Charcoal found a t  t h e  base o f  t h e  uppermost f i n e ,  
w h i t e  ash bed i n  t h i s  E l  Ca je te  s e c t i o n  gave an age 
o f  more than  42,000 years  (Meyer Rubin, USGS, pe r -  
sonal communication, 1967). On t h e  b a s i s  o f  t h i s  
de te rm ina t ion  and comparat ive morphology, t h e  E l  
Ca je te  Pumice and assoc ia ted  o v e r l y i n g  Banco B o n i t o  
g lass  f low a r e  thought  t o  be about 0.10 Myr. The 
u n d e r l y i n g  South Mountain R h y o l i t e  f l o w  has a K - A r  
age o f  0.49 Myr. 

D r i v e  west on Highway 4. 
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0.1 

0.6 

2.5 

1.1 

48.4 Road t o  Jemez F a l l s  on l e f t .  

49.0 Banco B o n i t o  o b s i d i a n  f low,  ~ 0 . 1 0  Myr. 

51.5 Jemez Canyon over look  on l e f t .  

52.6 Turn r i g h t  on d i r t  road t o  Union O i l  Co. geothermal 
f i e l d  and Redondo Creek. 

0.4 
53.0 Locked gate t o  Union geothermal operat ion.  D r i v e  

through gate t o  f i e l d  t r i p  s top  about 4 m i l e s  ahead. 
NOTE: ACCESS BY SPECIAL P E R M I S S I O N  ONLY. DO NOT 
TRESPASS. CONTACT UNION 01 L COMPANY. SANTA ROSA. 
CALIFORNIA. 

*STOP 10: REDONDO CREEK GRABEN; BACA #12 WELL PAD 

Redondo Creek f o l l o w s  t h e  medial  graben i n s i d e  t h e  
resurgent  dome o f  V a l l e s  Caldera. Redondo Peak i s  
on t h e  e a s t  s i d e  o f  t h e  canyon w h i l e  Redondo Border 
i s  on t h e  west s ide.  A t h i n  c l i f f  o f  Redondo Creek 
r h y o l i t e  e rup ted  a f t e r  f o r m a t i o n  o f  V a l l e s  Caldera 
appears above us t o  our  west. Several n o r t h e a s t -  
t r e n d i n g  f a u l t s  h e l p  d e f i n e  t h e  medial  graben and 
a r e  t a r g e t s  a t  depth f o r  hydrothermal f l u i d s .  
However, many of t h e  s tepped- features a long t h e  
canyon w a l l s  a r e  l a n d s l i d e  b locks.  

Union O i l  Company has d r i l l e d  about 20 geothermal 
w e l l s  i n  t h e  Redondo Creek area s i n c e  1970. Baca 
#12 (F ig.  18) was d r i l l e d  t o  Precambrian basement, 
reached a t  3140 m, b u t  i s  n o t  cons idered a p roduc ing  
w e l l .  Paleozoic  red-beds and carbonates,  T e r t i a r y  
sandstone, and Miocene andes i tes  occur  above 
basement. Roughly 2000 m o f  s i l i c i f i e d  B a n d e l i e r  
T u f f  o v e r l i e s  t h e  o l d e r  rocks,  much more than 
es t imated f rom s u r f a c e  geo log ic  mapping. 

Successful  producing wel l ’s  occur  f u r t h e r  up t h e  
canyon t o  t h e  n o r t h e a s t .  The deep h y d r o t h e r m a l  
system c i r c u l a t e s  i n  f r a c t u r e d  i g n i m b r i t e  and some 
u n d e r l y i n g  rock u n i t s  a t  depths o f  0.6 t o  2.0 km. 
Temperatures range f rom 260 t o  330°C and TDS average 
a b o u t  7000 mgla i n  t h e  n e u t r a l  c h l o r i d e  f l u i d s .  
Secondary m i n e r a l i z a t i o n  t o  e p i d o t e  grade has been 
repor ted.  Union has exper ienced much d i f f i c u l t y  i n  
f i n d i n g  l a r g e  q u a n t i t i e s  o f  water s u i t a b l e  f o r  
e l e c t r i c a l  generat ion.  A1 though a l t e r e d  ca ldera-  
f i l l  r o c k s  and a l t e r e d  r h y o l i t e  o c c u r  a l o n g  t h e  
Redondo Creek Canyon, very few s u r f a c e  hydrothermal 

, 
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0.4 

0.3 

Fig. 18. 
Wellhead f o r  Baca Well #12; Redondo Border i s  i n  background. 

f e a t u r e s  o c c u r  i n  t h e  canyon,  j u s t  a few s m a l l  
fumaroles and gas seeps. 

Careful  s t r a t i g r a p h i c  work on c u t t i n g s  f rom severa l  
o f  t h e  B a c a ' w e l l s  (Hulen and N ie lson 1982) i n d i c a t e  
t h e  f a u l t  b l o c k s  a t  d e p t h  i n  t h e  r e s e r v o i r  a r e  
r e l a t i v e l y  f l a t - l y i n g  w i t h  o f f s e t s  most ly  down t o  
t h e  east. T h i s  suppor ts  t h e  g r a v i t y  da ta  o f  Segar 
(1974) mentioned above. On t h e  o t h e r  hand, these 
da ta  pose problems f o r  t h e  accepted model o f  
resurgence proposed by Smith and B a i l e y  (1968) t h a t  
s u g g e s t s  l a r g e  r o t a t i o n  o f  f a u l t  b l o c k s  above a 
tumescent magma body beneath. No l a r g e  d ikes ,  
s i l l s ,  l a c c o l i t h s ,  o r  s tocks  o f  r h y o l i t e  have been 
recognized i n  any o f  t h e  Baca we l ls .  

53.4 

Return t o  main gate and r e t r a c e  route.  

Highway 4, t u r n  r i g h t  (mi leage f rom main gate) .  
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0.6 

1.5 

0.5 

53.7 

53.8 

54.1 

54.8 

55.7 

Turn r i g h t  on Sulphur Spr ings Road. 

Thompson Ridge Road; keep s t r a i  ght  ahead t o  r i g h t .  

View o f  Redondo Border. 

Free1 ove Canyon S t o r e  (abandoned). 

Union O i l  Co. locked gate. D r i v e  th rough gate t o  
f i e l d  t r i p  s top  about 1 /2 m i l e  ahead. 
NOTE: ACCESS BY SPECIAL PERMISSION ONLY. DO NOT 
TRESPASS . CONTACT UNION OIL CO., SANTA ROSA, 
CALIFORNIA. 

*STOP 11: SULPHUR SPRINGS 

S u l p h u r  S p r i n g s  was a s m a l l  r e s o r t  where p e o p l e  
bathed i n  waters  from t h e  s p r i n g s  and mudpots. The 
r e s o r t  b u r n e d  down s e v e r a l  y e a r s  ago; t h e  o t h e r  
b u i l d i n g s  have f a l l e n  t o  r u i n  (F ig .  19). The h o t  
s p r i n g s  occur  a t  t h e  i n t e r s e c t i o n  o f  t h e  n o r t h e a s t -  
t r e n d i n g  S u l p h u r  S p r i n g s  F a u l t  and s e v e r a l  c r o s s  
f a u l t s  (Goff and Gardner 1980). A v a r i e t y  o f  
thermal f e a t u r e s  a r e  v i s i b l e  here;  fumaroles,  h o t  
spr ings ,  mud pots ,  and gaseous c o l d  s p r i n g s  (F ig .  
2 0 ) .  T e m p e r a t u r e s  a t  S u l p h u r  S p r i n g s  r a n g e  f r o m  
background t o  b o i l i n g ,  pH may be l e s s  than 1, and 
SO, may be as h i g h  as 8,000 W / R .  Gases c o n s i s t  o f  
m o s t l y  98% CO, and 1.25% H,S. Several  t ypes  o f  da ta  
(empi r i  c a l  gas geothermometry , stab1 e i sotopes o f  
steam and meteor ic  water ,  I 3 C  i so topes  o f  CO, and 
CaCO, i n  w e l l  c u t t i n g s )  suggest t h a t  t h e  h o t  gases 
a t  Sulphur Spr ings a r e  i n  e q u i l i b r i u m  a t  depth w i t h  
r e s e r v o i r s  o f  200 t o  300°C. Is t h e r e  a v a p o r -  
dominated geothermal system beneath Sulphur Spr ings? 
I f  so, i t  i s  p robab ly  very smal l .  

Return t o  gate and r e t r a c e  route.  

57.7 Highway 4 ;  t u r n  r i g h t  ( s o u t h ,  m i l e a g e  f r o m  l a s t  
ga te) .  

57.9 Small f a u l t  ( r e d  gouge zone) i n  r h y o l i t e ;  f ragments 
o f  Permian sandstone can be found i n  t h e  gouge. 

58.5 J u n c t i o n  Highway 126 and Highway 4 a t  La Cueva. 
Turn r i g h t  (wes t )  on Highway 126. B a t t l e s h i p  Rock 
T u f f ,  a smal l  volume ash- f low t u f f ,  i s  on r i g h t .  

60.0 San Antonio Campground on l e f t .  

60.5 We ascend t h e  west  w a l l  o f  V a l l e s  C a l d e r a  h e r e ;  
orange red-beds o f  Permian Abo Format ion on l e f t .  
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Fig.  20. 
Main fumaro le area o f  Sulphur Spr ings j u s t  west o f  Men's Bathhouse ( t o  l e f t  o f  
photo) .  Steam i s u e s  from hydrothermal l y  a1 t e r e d  1 andsl i d e  d e p o s i t  . Long 
needles o f  s u l f u r  sub1 ime around t h e  mouths o f  fumaroles. 

1.3 
61.8 Ab iqu iu  Format ion ( 4 5  Myr)  on r i g h t .  

0.2 

0.2 
62.0 P a l i z a  Canyon Andesi te  on 

62.2 Turn r i g h t  on to  road 376 
km). For  t h e  n e x t  7 km, 
ou tc rops  o f  p reca ldera  
Upper Bandel i e r  Tuf f  . 

3.9 

r i g h t  . 
(San Anton io  Hot Spr ing  c 8  
you w i l l  pass a v a r i e t y  o f  
v o l c a n i c s  u n d e r l y i n g  t h e  

0.9 
66.1 

67.0 

Outcrops o f  Permian red-beds, Abo Formation. 

T u r n  r i g h t  t o w a r d s  San A n t o n i o  Creek and p a r k  i n  
t u r n o u t  on l e f t  s i d e  o f  br idge.  Cross b r i d g e  and 
f o l l o w  r o a d  t o  o u t f l o w  o f  San A n t o n i o  H o t  S p r i n g  
cascading downhi 11 . Walk u p h i l l  t o  source o f  water. 
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4.9 

0.2 

0.3 

0.1 

STOP 12: SAN ANTONIO HOT S P R I N G  
NOTE: DO NOT S W I M  I N  S P R I N G ;  $25 F I N E  BY F O R E S T  
SERVICE WILL RESULT! CONTACT JEMEZ SPRINGS RANGER 
STAT I ON . 
(DO NOT STOP HERE I F  YOU ARE ON A ONE-DAY TRIP.) 

San Antonio Hot Spr ing  (F ig .  21) i s  one o f  severa l  
d i l u t e  h o t  s p r i n g s  t h a t  i s s u e  f rom t h e  western 
r i n g - f r a c t u r e  zone o f  V a l l e s  Caldera. I s o t o p i c a l l y ,  
t h e  w a t e r s  a r e  m e t e o r i c  ( F i g .  22, symbol t m )  and 
they c o n t a i n  ext remely low c o n c e n t r a t i o n s  o f  L i  and 
B which a r e  o f t e n  enr iched i n  h igh- temperature 
geothermal f 1 u ids .  T r i t i u m  concent ra t ions  a r e  
rough ly  5 T.U. (F. Vuataz and F. Gof f ,  Los Alamos, 
unpub. da ta)  suggest ing t h a t  t h e  s p r i n g  waters have 
a res idence t i m e  underground o f  more than 20 years.  
Water i s s u e s  f r o m  f r a c t u r e d  San A n t o n i o  M o u n t a i n  
R h y o l i t e  (0.5 Myr) ,  a moat r h y o l i t e  o f  t h e  western 
ca ldera.  The r h y o l i t e  resembles South Mountain 
R h y o l i t e  (seen i n  our  e a r l i e r  s tops) .  

I f  you gaze west across San Antonio Canyon toward 
t h e  c a l d e r a  w a l l ,  you can see t h e  Lower B a n d e l i e r  
T u f f  o v e r l y i n g  red  s t r a t i f i e d  sandstones and shales 
o f  t h e  Permian Abo F o r m a t i o n .  T h i s  u n i t  i s  t h e  
uppermost Paleozoic  f o r m a t i o n  i n  t h e  immediate 
v i c i n i t y  o f  t h e  caldera.  As much as 400 m o f  Abo 
has been penet ra ted  by some geothermal w e l l s  t o  t h e  
southeast.  Because i t  i s  w e l l  cemented and 
l i t h i f i e d  by eons o f  d iagenesis ,  t h e  Abo i s  f a i r l y  
impermeable, thus,  s h a l l  ow ground waters a r e  perched 
above t h e  Abo a l l  over t h e  reg ion.  

Return t o  car ,  r e t r a c e  r o u t e  back t o  Highway -126. 

71.9 Highway 126, t u r n  r i g h t .  

72.1 Bande l ie r  T u f f  on r i g h t .  

72.4 Turn l e f t  on s i d e  road i n  bend o f  Highway 126. 

72.5 Park v e h i c l e  and walk eas t  toward, b u t  n o t  over ,  t h e  
c l i f f .  

*STOP 13: WEST CALDERA OVERLOOK 

Caldera over look  e l e v a t i o n  2615 m. The h i g h  domical 
mountain due e a s t  i s  Redondo Peak, e l e v a t i o n  3460 m, 
summit o f  t h e  resurgent  s t r u c t u r a l  dome occupying 
t h e  c e n t e r  o f  t h e  V a l l e s  C a l d e r a  ( F i g .  2 3 ) .  The 
nearer  and lower  i r r e g u l a r l y  c r e s t e d  r i d g e  t o  t h e  
l e f t  o f  Redondo Peak i s  Redondo Border,  which forms 
t h e  western h a l f  o f  t h e  resurgent  dome. The v a l l e y  
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F i g .  21. 
View west from San Antonio h o t  spr ing (bottom o f  photo)  toward ca ldera  w a l l  
composed o f  Lower Bande l ie r  Tuff. 
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Fig.  22. 18 P l o t s  o f  l 8 0  v e r s u s  D and 0 v e r s u s  C1 s h o w i n g  t h e  u n i q u e  i s o t o p i c  and 
chemical c h a r a c t e r  o f  d i f f e r e n t  thermal waters  i n  t h e  V a l l e s  Caldera area. 
Symbols: Fumarole, Ac id  Spr ing,  and Mud Pot  f rom Sulphur  Spr ings showing 
evapora t ion  t r e n d ;  cm i s  carbonated m e t e o r i c  water  f rom gas seep near  Sulphur 
Spr ings; Baca #4 i s  water f rom deep geothermal system; Soda Dam and Jemez 
Spr ings  are  deep geothermal d e r i v a t i v e s ;  t m  i s  thermal meteor ic  water  f rom h o t  
s p r i n g s  i n  r i n g - f r a c t u r e  zone; m i s  c o l d  m e t e o r i c  water ;  GT-2 i s  thermal water  
i n  l imestone a t  Fenton H i l l ;  hm, HDR i n i t i a l ,  and HDR steady s t a t e  a r e  make-up 
f l u i d s ,  i n i t i a l  pore water,  and steady s t a t e  produced f l u i d  f rom Fenton H i l l  
HDR w e l l ;  f i g u r e  m o d i f i e d  from G o f f  and Gr igsby (1982).  
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Fig. 23. 
View l o o k i n g  eas t  toward Redondo Peak and Redondo Border on l e f t .  The l i n e a r  
v a l l e y  s e p a r a t i n g  these two peaks i s  t h e  medial  graben o f  t h e  resurgent  dome. 

between t h e  two i s  a n o r t h e a s t - t r e n d i n g  medial  
graben s e p a r a t i n g  t h e  two halves o f  t h e  dome. 
Except f o r  l o c a l ,  t h i n  patches o f  e l e v a t e d  c a l d e r a  
f i l l  (sediments and b r e c c i a s ) ,  t h e  dome i s  u n d e r l a i n  
b y  d e n s e l y  w e l d e d  B a n d e l i e r  T u f f ,  w h i c h  has been 
u p l i f t e d  1000 m above t h e  c a l d e r a  r i m  and p o s s i b l y  
as much as 1500 m above i t s  p o s t c o l l a p s e  p o s i t i o n  
w i t h i n  t h e  c a l d e r a .  The t u f f  on Redondo Peak i s  
t i l t e d  g e n e r a l l y  s o u t h  t o  s o u t h e a s t ;  t h e  t u f f  on 
Redondo Border,  general  l y  west t o  northwest.  
The u p l i f t  o f  Redondo Peak occurred w i t h i n  100,000 
years  a f t e r  c a l d e r a  c o l l a p s e  as a r e s u l t  o f  magma 
u p r i s e  (however, read paragraphs on subsur face 
s t r u c t u r e  u n d e r  s t o p s  7 and 10) .  T h i s  renewed 
u p w e l l i n g  may have been r e l a t e d  t o  i s o s t a t i c  
readjustments w i t h i n  t h e  subcauldron magma column. 
These readjustments were p o s s i b l y  caused by t h e  l o s s  
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o f  mass accompanying e r u p t i o n  o f  t h e  300 km3 o f  
magma r e p r e s e n t e d  b y  t h e  T s h i r e g e  Member o f  t h e  
B a n d e l i e r  T u f f  ( B a i l e y  1976). 

To t h e  n o r t h e a s t  i n  t h e  m i d d l e  d i s t a n c e  a r e  San 
Antonio Mountain and Cerro Seco, two pos t resurgent  
r h y o l i t e  domes i n  t h e  nor thwest  c a l d e r a  moat, 0.54 
and 0.73 Myr, r e s p e c t i v e l y .  They a r e  two o f  t w e l v e  
r i n g  domes t h a t  form t h e  V a l l e  Grande Member o f  t h e  
V a l l e s  R h y o l i t e .  On t h e  d i s t a n t  s k y l i n e  t o  t h e  
nor theas t  i s  Cerro de l a  G a r i t a  (on t h e  n o r t h e r n  r i m  
o f  t h e  c a l d e r a ) ,  fo rmed o f  q u a r t z  l a t i t e  o f  t h e  
Tschicoma Formation. 

On t h e  s k y l i n e  t o  t h e  southeast  i s  t h e  ragged c r e s t  
o f  Los Griegos (on t h e  south r i m  o f  t h e  c a l d e r a ) ,  
formed m a i n l y  o f  a n d e s i t e s  o f  t h e  P a l i z a  Canyon 
Formation. I n  t h e  foreground t o  t h e  east -southeast  
i s  t h e  west moat o f  t h e  caldera.  The southern p a r t  
o f  t h i s  moat i s  o c c u p i e d  b y  t h e  O. l (? ) -Myr  g l a s s  
f low of t h e  Banco B o n i t o  Member o f  t h e  V a l l e s  
R h y o l i t e ,  and t h e  c e n t r a l  and n o r t h e r n  p a r t s  a r e  
u n d e r l a i n  by o l d e r  r h y o l i t e  f l o w  b r e c c i a s  o f  t h e  
Redondo Creek Member. 

72.6 Turn l e f t  on Highway 126. 

73.1 T u r n  l e f t  on r o a d  t o  F e n t o n  H i l l  HDR s i t e  and 
immediately stop. 

*STOP 14: FENTON HILL HOT DRY ROCK S I T E  

Fenton H i l l  i s  t h e  l o c a t i o n  o f  t h e  f i r s t  HDR demon- 
s t r a t i o n  p r o j e c t  d e s i g n e d  and c o n s t r u c t e d  by LOS 
Alamos N a t i o n a l  Laboratory.  I n  t h e  HDR concept, two 
wells are drilled into hot impermeable formations 
and connected by manmade f r a c t u r e s .  Cold s u r f a c e  
water i s  pumped down one w e l l  where i t  i s  heated by 
t h e  h o t  rocks ad jacent  t o  t h e  f r a c t u r e  and removed 
up t h e  o t h e r  w e l l .  A heat  exchanger o r  t u r b i n e  i s  
used t o  e x t r a c t  t h e  heat  o r  energy f rom t h i s  
c i r c u l a t i o n  system, a f t e r  which t h e  water  i s  pumped 
back down t h e  f i r s t  w e l l  f o r  a n o t h e r  c y c l e .  The 
f i r s t  ( o r  research)  system (F ig.  24) was d r i l l e d  t o  
depths o f  about 3 km where t h e  ambient temperature 
i s  195OC. T h i s  system demonstrates t e c h n i c a l  
f e a s i b i l i t y .  The second eng ineer ing  system i s  
designed t o  show commercial f e a s i b i l i t y .  Two w e l l -  
b o r e s  have a l r e a d y  been d r i l l e d  t o  4.5 km and a 
maximum temperature o f  325OC. When these bores a r e  
connected w i t h  3 t o  5 f r a c t u r e s ,  i t  i s  a n t i c i p a t e d  
t h a t  t h e  deeper l o o p  w i l l  generate up t o  20 mega- 
w a t t s  thermal energy. 
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Fig.  24. 
A i r p l a n e  view o f  Fenton H i l l  HDR s i t e  l o o k i n g  e a s t  i n t o  t h e  southwestern moat 
zone o f  V a l l e s  Caldera. 

The l o c a t i o n  o f  t h e  F e n t o n  H i l l  s i t e  on t h e  w e s t  
f l a n k  o f  V a l l e s  Caldera i s  v i r t u a l l y  i d e a l  because 
t h e  depth t o  Precambrian basement i s  o n l y  c800 m, 
t h e  t h e r m a l  g r a d i e n t  and h e a t  f l o w  a r e  v e r y  h i g h  
(>6O0C/km and 3.75 HFU r e s p e c t i v e l y ) ,  and compl i -  
ca ted  s t r u c t u r e  due t o  c a l d e r a  c o l l a p s e  i s  avoided. 
The l o c a t i o n  o f  HDR systems i s  more f l e x i b l e  than 
convent iona l  hydrothermal systems because n a t u r a l  
h o t  waters and t h e i r  ( o f t e n )  scen ic  l o c a t i o n s  can 
a l s o  be avoided. For  example, Fenton H i l l  i s  
l o c a t e d  on an o l d  f o r e s t  f i r e  burn ad jacent  t o  an 
e x i s t i n g  road and power l i n e .  For more d e t a i l s  on 
t h e  HDR concept, des ign,  engineer ing,  d r i l l i n g ,  and 
U.S.  e x p l o r a t i o n ,  see H e i k e n  and G o f f  ( 1 9 8 3 )  and 
Laugh l in  (1981). For  a t o u r  o f  t h e  HDR f a c i l i t i e s  
phone (505)667-7900. 
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77.9 

78.5 

Retrace r o u t e  back t o  J u n c t i o n  o f  Highway 126 and 
Highway 4. 

J u n c t i o n  Highway 126 and Highway 4;  t u r n  r i g h t  
(sou th) .  

Banco B o n i t o  o b s i d i a n  f l o w  over1 i e s  B a t t l e s h i p  Rock 
t u f f  on l e f t  canyon w a l l  ; Permian red-beds on r i g h t .  
The u p p e r  p a r t  o f  San D i e g o  Canyon f o l l o w s  t h e  
c o n t a c t  o f  moat r h y o l i t e s  and e r o d e d  c a l d e r a  r i m  
rocks . 

79.3 Spence Hot Spr ing  issues  f rom t a l u s  across r i v e r  on 
l e f t ;  t h i s  i s  another  d i l u t e  meteor ic  h o t  s p r i n g  -- 
good f o r  bathing. 

79.9 F i r s t  ou tc rop  o f  Pennsylvanian Madera Limestone 
beneath Permian Abo Format ion on r i g h t .  

80.8 I n t e r m i t t e n t  c o l d  minera l  seep i s s u i n g  f rom 
l imestone on r i g h t .  

81.0 Turn l e f t  t o  B a t t l e s h i p  Rock p i c n i c  area. 

81.1 Park  i n  l o t  a c r o s s  b r i d g e .  (Do - n o t  go i n t o  Camp 
Shaver.) 

STOP 15: BATTLESHIP ROCK 
(DO NOT STOP HERE I F  ON ONE-DAY TRIP.) 

P i c n i c  grounds a r e  n e s t l e d  a t  t h e  j u n c t i o n  o f  San 
Antonio Creek and t h e  East Fork o f  t h e  Jemez R iver .  
San A n t o n i o  Creek  d r a i n s  t h e  n o r t h  moat  of t h e  
V a l l e s  Caldera;  t h e  East Fork d r a i n s  t h e  south moat. 
B a t t l e s h i p  Rock (F ig.  25) ,  a spec tacu la r  ou tc rop  o f  
co lumnar- jo in ted,  r h y o l  i te -we lded t u f f  was formed by 
a s e r i e s  o f  pos tca ldera  srnall-volume ash f l o w s  t h a t  
i ssued f rom a vent near E l  Ca je te  C r a t e r  about 0.1 
Myr(?)  ago. I n i t i a l l y ,  these ash- f low d e p o s i t s  ( t h e  
B a t t l e s h i p  Rock Member o f  t h e  V a l  1 es Rhyol i t e )  
extended a cons iderab le  d i s t a n c e  down San Diego 
Canyon and f i l l e d  i t  t o  a depth o f  about 100 m, b u t  
subsequent e r o s i o n  has removed a1 1 b u t  t h e  outcrops 
i n  t h e  B a t t l e s h i p  Rock a r e a  and one o r  t w o  o t h e r  
smal l  remnants down-canyon. B a t t l e s h i p  Rock i t s e l f  
i s  t h e  f i l l i n g  o f  a narrow v e r t i c a l - w a l l e d  gorge c u t  
i n t o  Madera L i m e s t o n e  and Abo F o r m a t i o n ,  and t h e  
curved columnar j o i n t i n g  i n  t h e  lower  p a r t  o f  
B a t t l  e s h i p  Rock i s  a consequence o f  coo l  i ng a g a i n s t  
t h e  gorge wa l ls .  Subsequent e r o s i o n  has removed t h e  
ad jacent  l e s s  r e s i s t a n t  sedimentary rocks  and has 
l e f t  t h e  more r e s i s t a n t  welded t u f f  s tand ing  as a 
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Fig.  25. 
B a t t l e s h i p  Rock, a smal 1 - v o l  ume ash- f  1 ow t u f f  occupying an a n c e s t r a l  canyon o f  
t h e  Jemez River .  Note r a d i a l  c o o l i n g  j o i n t s .  

p r o m o n t o r y  - -  an i n t e r e s t i n g  example o f  i n v e r t e d  
topography. 

The t u f f  a t  B a t t l e s h i p  Rock i s  about 80 m t h i c k  and 
c o n t a i n s  two main f l o w  u n i t s  t h a t  c o n s t i t u t e  a 
s i n g l e  c o o l i n g  u n i t  ( S m i t h  1960) .  The t u f f  i s  
e n t i r e l y  v i t r i c  f rom bottom t o  top. The basal  15 m 
a r e  composed o f  p o o r l y  c o n s o l i d a t e d  pumiceous t u f f  
b r e c c i a ,  which becomes i n c r e a s i n g l y  compacted upward 
and grades i n t o  p a r t l y  welded t u f f  hav ing a minimum 
p o r o s i t y  o f  15% a t  a p p r o x i m a t e l y  35  m above t h e  
base. The t u f f  becomes g r a d u a l l y  l e s s  welded and 
passes again i n t o  unconsol idated pumiceous t u f f  
b r e c c i a  about 65 m above t h e  base. 

I f  y o u  l o o k  a t  t h e  c o n t a c t  zone between t u f f  and 
u n d e r l y i n g  r o c k s  on t h e  e a s t  s i d e  o f  B a t t l e s h i p  
Rock, no te  t h a t  t h e  t u f f  s i t s  on a smal l  c l i f f  o f  
Pennsylvanian Madera Limestone. Note a1 so t h a t  
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massive l imestone beds a r e  separated by t h i n  sha le  
p a r t i n g s .  The 1 imestone here i s  ext remely f o s s i  1 - 
i f e r o u s  and i n c l u d e s  c r i n o i d s ,  brachiopods, and 
bryozoa.  Madera l i m e s t o n e  c o n t a i n s  b o t h  h o t  and 
c o l d  m i n e r a l i z e d  a q u i f e r s  throughout  t h e  south-  
western f l a n k  o f  V a l l e s  Caldera and has been 
penet ra ted  i n s i d e  t h e  ca ldera  by a t  l e a s t  f o u r  geo- 
thermal we1 1 s. 

Return t o  Highway 4. 

81.2 Turn l e f t  ( s o u t h )  on Highway 4. 

81.8 Fumarole o f  H,S and CO, on l e f t  (do you smel l  i t ? )  
i ssues  f rom a s t r a n d  o f  t h e  Jemez f a u l t  zone. Lower 
San Diego Canyon has formed a long t h i s  f a u l t  zone. 
H,S f rom fumarole i s  o x i d i z e d  t o  HzSOU and a l t e r s  
t h e  rocks here. There i s  no assoc ia ted  h o t  spr ing.  

83.9 Large b l o c k s l i d e  i n  Madera Limestone on l e f t  across 
r i  ver. 

- 

84.4 Park i n  t u r n o u t  on r i g h t  b e f o r e  t r a v e r t i n e  dam on 
l e f t .  

*STOP 16: SODA DAM AND JEMEZ FAULT ZONE 

The t r a v e r t i n e  dam across t h e  gorge i n  Precambrian 
g r a n i t e  was b u i l t  by carbonated thermal waters t h a t  
d i s c h a r g e  f r o m  a s t r a n d  o f  t h e  Jemez f a u l t  zone 
(Fig.  26). There a r e  rough ly  10 s p r i n g s  and seeps 
d i s c h a r g i n g  i n  t h i s  area i n c l u d i n g  one across t h e  
r i v e r  t o  t h e  l e f t  o f  t h e  h i g h  t r a v e r t i n e  knob. 
About 15 y e a r s  ago, water  d ischarged a long t h e  t o p  
o f  t h e  dam. Today Soda Dam i s  s l o w l y  f a l l i n g  apar t .  

The waters d ischarge a t  *48OC, C1 = 1500 mg/2. The 
r a t i o s  o f  very  s o l u b l e  elements, Na, L i ,  C1, and B 
a r e  p r a c t i c a l l y  i d e n t i c a l  t o  t h o s e  f r o m  t h e  deep 
f l u i d  w i t h i n  V a l l e s  Caldera ( T r a i n e r  1975; Goff e t  
a l .  1981). T h i s  and o t h e r  evidence i n d i c a t e s  t h e  
w a t e r s  h e r e  a r e  d e r i v a t i v e s  o f  t h o s e  deep w i t h i n  
Val les.  Leakage and m i x i n g  occurs southwest down 
var ious  s t rands  o f  t h e  Jemez f a u l t  zone. 

O l d e r  t r a v e r t i n e  d e p o s i t s  c r o p  o u t  h i g h  above u s  
west  o f  Soda Dam and i n c l u d e  r i v e r  g r a v e l s  w i t h  
cobbles o f  B a n d e l i e r  T u f f .  The s p r i n g  system has 
been a c t i v e  here f o r  a l o n g  t i m e  w h i l e  t h e  r i v e r  c u t  
t h e  gorge. 

The Jemez f a u l t  zone i s  very complex i n  t h i s  area. 
The main t r a c e  t r e n d s  n o r t h e a s t  across t h e  highway. 
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Fig.  26. 
Soda Dam, a h o t  s p r i n g  d e p o s i t  o f  t r a v e r t i n e  now undercut  by t h e  Jemez R i v e r  
( l o w e r  r i g h t  i n  photo).  Narrow cavern i n  c e n t e r  o f  photo leads  t o  G r o t t o  
Spr ing.  Main ho t  s p r i n g  d ischarges a long highway t o  l e f t  o f  photo. 

G e n e r a l l y ,  t h e  d i s p l a c e m e n t  i s  down t o  t h e  e a s t  
about 200-250 m because t h e  Jemez f a u l t  zone i s  t h e  
westernmost o f  t h e  R i o  Grande r i f t  f a u l t s .  A t  Soda 
Dam, a l o c a l  h o r s t  o f  s h e a r e d  P r e c a m b r i a n  i s  up-  
l i f t e d  and c o n t o r t s  Paleozoic  rocks a l l  around it. 
If you gaze c a r e f u l l y  a t  t h e  upper eas t  w a l l  o f  San 
Diego Canyon (F ig .  27) ,  you can see a w h i t e  band o f  
A b i q u i u  Format ion (25  Myr)  o v e r l y i n g  orange Permian 
shales. The Ab iqu iu  i s  o v e r l a i n  by a sequence o f  
v o l c a n i c  u n i t s  o f  P a l i z a  Canyon Formation, f rom 
bot tom t o  top,  b a s a l t  f lows,  and andes i te  f l o w s  and 
f low-brecc ias.  The Bande l ie r  T u f f  i s  t h i n ,  o n l y  t h e  
Tshi rege Member covers t h e  o l d e r  vo lcanics.  

Cont inue south on Highway 4. 
0.5 
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84.9 Jemez Ranger S t a t i o n  on l e f t ;  a p a i r  o f  f a u l t s  
bounding t h e  eas t  s i d e  o f  t h e  Precambrian h o r s t  a t  



Fig.  27. 
S t r a t i g r a p h y  o f  upper w a l l ,  Caiion de San Diego l o o k i n g  e a s t  f rom Soda Dam. 

Soda Dam t r e n d  southwest f rom topograph ic  g u l l  i es 
behind t h e  ranger  s t a t i o n .  

0.5 

0.5 

0.1 

85.4 Old Spanish m i s s i o n  ( r u i n s )  on l e f t .  

85.9 Jemez Spr ings bathhouse on r i g h t .  

86.0 Park i n  t u r n o u t  b e f o r e  Los Ojos on l e f t .  

STOP 17: JEMEZ SPRINGS, D INNER AT LOS OJOS (OPTIONAL) 
(DO NOT STOP HERE I F  ON A ONE DAY TRIP.) 

If  you have t ime,  a qu ick  t o u r  o f  t h e  thermal waters  
near t h e  bathhouse on t h e  west s i d e  o f  t h e  road i s  
very i n t e r e s t i n g  (F ig .  28). These waters  a l s o  
appear  t o  be d e r i v e d  f r o m  t h o s e  i n  t h e  c a l d e r a ;  
maximum t e m p e r a t u r e  i s  72"C, C1 = 900 mg/k. I n  
January 1979, t h e  community o f  Jemez Spr ings d r i l l e d  
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a w e l l  255 m t h a t  bottomed i n  Precambrian g r a n i t e .  
They were seeking h o t t e r  water  (1rl00"C) f o r  use i n  
space h e a t i n g .  The h o t t e s t  w a t e r  t h e y  f o u n d  was 
about 72°C a t  t h e  t o p  o f  l imestone (base of  
a l l u v i u m )  a t  25 m. The hot -water  resource here  i s  
p robab ly  o f  smal l  s ize .  Several o t h e r  s p r i n g s  of  
v a r i o u s  composi t ions and temperatures d ischarge i n  
t h e  grassy f l a t  by t h e  r i v e r  (F ig .  29). 

Los O j o s  i s  a s m a l l  r e s t a u r a n t  c h a r a c t e r i s t i c  o f  
many smal l  New Mexico communities. Enjoy y o u r  meal. 

END OF FIELD T R I P ;  r e t r a c e  r o u t e  on Highway 4 back 
t o  Los Alamos o r  c o n t i n u e  s o u t h w e s t  on Highway 4 
towards A1 buquerque. 

F i g .  28. 
T r a v e r t i n e  Mound Spr ing  (72"C), t h e  h o t t e s t  h o t  s p r i n g  o u t s i d e  o f  V d k S  
Caldera,  i s  r e p o r t e d  t o  c o n t a i n  an ext remely r a r e  species of algae and 
d ischarges b icarbonated water i n  the  reeds between t h e  Jemez R iver  and 
Bathhouse a t  Jemez Spr ings. 

46 



F i g .  2 9 .  
This  sign i s  posted beside the  f r o n t  door o f  Jemez Springs Bathhouse. 
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