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ABSTRACT 

Va l l es  Caldera #1 (VC-1) i s  t h e  f i r s t  Con t i -  
nenta l  S c i e n t i f i c  D r i l l i n g  Program (CSDP) core- 

d h o l e  d r i l l e d  i n  t h e  Va l l es  ca lde ra  and t h e  f i r s t  
con t i nuous ly  cored h o l e  %-the ca lde ra  reg ion .  
The o b j e c t i v e s  o f  VC-1 were t o  penetrate a 
hydrothermal ou t f l ow  plume near i t s  source, t o  
ob ta in  s t r u c t u r a l  and s t r a t i g r a p h i c  i n fo rma t ion  
near the  i n t e r s e c t i o n  o f  t h e  r i n g - f r a c t u r e  zone 
and t h e  pre-ca ldera Jemez f a u l t  zone, and t o  
core the youngest vo l can ic  u n i t  i n s i d e  t h e  

.f ca lde ra  (Banco Boni to  obsidian, 0.13 Ma). VC-1 
penetrates 298 m o f  moat vo l can ics  and ca ldera-  
f i l l  ign imbr i t es ,  35 m o f  pre-ca ldera vo l can i -  
c l a s t i c  brecc ia,  and 523 m o f  Paleozoic  carbo- 
nates, sandstones and shales, w i t h  over 95% co re  
recovery. Hydrothermal a1 t e r a t i o n s  are concen- 
t r a t e d  i n  sheared, b recc ia ted  and f r a c t u r e d  
zones from t h e  v o l c a n i c l a s t i c  b recc ia  t o  t o t a l  
depth w i t h  both t h e  i n t e n s i t y  and rank o f  
a1 t e r a t i o n s  i nc reas ing  w i t h  depth. A l t e r a t i o n s  
c o n s i s t  p r i m a r i l y  o f  c lays,  c a l c i t e ,  p y r i t e ,  
quar tz ,  and c h l o r i t e ,  b u t  c h a l c o p y r i t e  has been 
i d e n t i f i e d  as h igh  as 518 m and molybdenite has 
been i d e n t i f i e d  i n  a f r a c t u r e d  zone a t  847 m. 
Thermal a q u i f e r s  were penetrated a t  var ious 
i n t e r v a l s  f rom about 510 m on down. 

INTRODUCTION J' 

Va l les  ca lde ra  (F igu re  1 )  has been a 
p r i o r i t y  s i t e  s ince the  e a r l i e s t  p lann ing  phases 
o f  t he  CSOP because o f  i t s  s ize,  youth, preser-  
va t i on ,  hydrothermal system and a v a i l a b l e  .da ta  
base (CSDC, 1984). A f t e r  a number o f  workshops, 
a proposal was w r i t t e n  t o  the U.S. DOE, . O f f i c e  
of Basic Energy Sciences t o  i n i t i a t e  shal low 
corehole d r i l l i n g  a t  V a l l e s  ca lde ra  and o the r  
Thermal Regime s i t e s .  Although n e a r l y  two years 
were needed t o  t o t a l l y  formulate the  p r o j e c t ,  
VC-1 was completed on Sept. 3, 1984 a f t e r  35 
days o f  r i g  t ime (Go f f  e t  al., 1984; GEOTIMES, 
Feb. 1985). The o b j e c t  o f  t h i s  paper i s  t o  
summarize t h e  c o r i n g  operat ions and p r e l i m i n a r y  
s c i e n t i f i c  r e s u l t s  o f  t h i s  f i r s t  CSDP e f f o r t  i n  
V a l l e s  ca ldera.  

HISTORY OF VC-1 

To achieve the p r o j e c t  goals, continuous 
core was r e q u i r e d  from complex i n t r a c a l d e r a  

1' f 

COREHOLE SITE , 4um , I. 0.m 

F igu re  1 .  
Loca t ion  map o f  V a l l e s  ca lde ra  and V C - 1  
corehole; V-pat tern shows Banco Boni to  obs id ian  
flow, s t i p p l e - p a t t e r n  shows area o f  in tense 
i n t r a c a l d e r a  a c i d - s u l f a t e  a l t e r a t i o n ,  s t a r s  
denote i n t r a c a l d e r a  r h y o l i t e  vents and heavy 
dashed l i n e  shows t h e  i n f e r r e d  pos i -  t i o n  o f  t h e  
V a l l e s  r i n g - f r a c t u r e  zone. 

vo l can ic  rocks and f a u l t e d  p reca lde ra  rocks w i t h  
t h e  hope o f  encounter ing h o t  ( 120OC) hydro- 
thermal f l u i d s .  O f  major t e c h n i c a l  importance 
was t h e  need t o  procure a c o r i n g  subcontractor  
w i t h  demonstrated experience i n  the  use o f  blow- 
ou t  preventers  (BOP), high-temperature d r i l l  i n g  
muds and cements, and e x p l o r a t i o n  o r i e n t e d  r i g  
operat ions (Rowley e t  al., i n  prep.). 

When the  f i n a l  schedule for  VC-1 was 
es tab l i shed  (June, 1984). an o n - s i t e  management 
team and w e l l  s i t t e r s  were organized t o  oversee 
t h e  c o r i n g  operat ions.  This group t o t a l e d  about 
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Goff ,  e t  a1 . 
20 people who were t r a i n e d  t o  record,  clean, 
l abe l ,  and box the  core accord ing t o  p resc r ibed  
methods and i n s t r u c t e d  i n  standard and emergency 
o p e r a t i n g  procedures. A s p e c i f i c  s i t e  was 
agreed upon by  the  U.S. Fores t  Serv ice and Los 
Alamos i n  a fo res ted  v a l l e y  between two l a r g e  
pressure r i d g e s  on the  Banco Bon i to  flow. A f te r  
t h e  s i t e  was l a i d  out, a c e l l a r  was dug fo r  the 
corehole, a t r a i l e r  was hauled t o  t h e  s i t e  f o r  
use b y  t h e  w e l l - s i t t e r s ,  and a 10,000-gal tank 
was s e t  i n  p lace f o r  t he  water supply. 

C o r i n g  

VC-1 was a 24-hr/day, 7-daylwk opera t i on  i n  
which a l l  crews worked 12 h r  s h i f t s .  Cor ing 
operat ions as a f u n c t i o n  o f  depth and t ime are 
d isp layed i n  F igu re  2 and are described i n  
d e t a i l  by  Rowley e t  a l .  ( i n  prep.). The 
o r i g i n a l  c o r i n g  p lan  was based on a proposed 
depth o f  650 m and temperature o f  12OoC. The 
t a r g e t  depth was reached about 10 days ahead of 
schedule, and t h e  average advance r a t e  was 25.9 
m/day d u r i n g  t h e  33 days o f  r i g  operat ions.  

A f t e r  i n i t i a l  r o t a r y  d r i l l i n g  t o  3.0 m, a 
su r face  conductor hav ing 16.5 an OD was cemented 
i n  p lace below t h e  c e l l a r  f l o o r .  Once t h e  
cement hardened and was d r i l l e d  out, HQ c o r i n g  
(9.73 an OD) comnenced i n t o  ve ry  broken, 
pumiceous rhyo-obs i d i a n  on the  top o f  the Banco 
Bon i to  flow. L o s t  c i r c u l a t i o n  occurred imnedi- 
a t e l y  and never re turned,  thus, c u t t i n g s  were 
never c o l l e c t e d  du r ing  the  e n t i r e  c o r i n g  
p r o j e c t .  A t  122 m depth, t he  h o l e  was reamed t o  
14.3 cm diameter w i t h  a t r i c o n e  b i t  i n  prepara- 
t i o n  for  the f i r s t  s t r i n g  o f  casing, A cas ing  
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F i g u r e  2. Diagram showing VC-1 c o r i n g  h i s t o r y  as 
func t i ons  o f  t ime  and depth. 

k 

shoe was screwed on t h e  bottom o f  t h e  11.4 cm OD 
cas ing  which was then used t o  ream through a 
b r i d g e  a t  37 m t o  t o t a l  depth. Th is  cas ing  
formed a s o l i d  s t r u c t u r a l  t i e  for  mounting t h e  
BOP and prevented d r i l l i n g  f l u i d s  from contami- 
n a t i n g  shal low warm aqu i fe rs  known t o  c i r c u l a t e  
near the  base of t h e  Banco Bonito obs id ian.  

' 4  

Once the  f i r s t  cas ing s t r i n g  was cemented 
and t h e  BOP attached, HQ c o r i n g  resumed through 
m a t  and c a l d e r a - f i l l  vo lcanics a t  a r a t e  o f  
n e a r l y  60 m/day. A t  310 m depth, t he  core tube 
became stuck i n  the  core b a r r e l  w h i l e  c o r i n g  
through vo l can ic  brecc ia.  I n  order t o  f r e e  the  
core tube, an attempt was made t o  p u l l  t h e  
c o r i n g  s t r i n g  ( rods )  b u t  they got  stuck i n  the  
ho le  a t  275 m. The core tube was f i n a l l y  f i s h e d  
from the core b a r r e l  w i t h  a spec ia l  adapter 
f a b r i c a t e d  on -s i t e ,  b u t  t he  rods remained f i rm ly  
p lan ted  i n  the  hole. Thus, a dec i s ion  was made 
t o  cement i n  t h e  HQ b i t  and rods and t o  d r i l l  
through w i t h  an NQ core b i t  (7.70 cm OD). A f t e r  
t h i s  was accomplished, c o r i n g  proceeded s l o w l y  
w i t h  l i g h t  b i t  pressure through t h e  cement p lug  
from 275 t o  310 m t o  keep t h e  b i t  from wandering 
ou t  o f  t h e  o r i g i n a l  ho le.  

Fo l l ow ing  t h i s  b r i e f  delay, NQ c o r i n g  
resumed through t h e -  vo l can ic  sequence i n t o  t h e  
Permian Abo Formation a t  334 m. From experience 
gained i n  o the r  w e l l s  around t h e  reg ion ,  c l a y  
hor izons i n  t h e  Abo were no to r ious  f o r  squeezing 
i n  on d r i l l  s t r i n g s .  To combat this problem, 
the  d r i l l i n g  mud was mod i f i ed  t o  r e t a r d  s w e l l i n g  
o f  c lays  and the  Abo was cored w i t h o u t  any 
problems. Cor ing cont inued i n t o  Pennsylvanian 
Madera Limestone a t  422 m and opera t i ons  stopped 
b r i e f l y  t o  take o r i e n t e d  cores (473 t o  477 m). 
These cores were immediately p laced o n - s i t e  i n t o  
instruments t h a t  measured s t resses  and r e l a x a -  
t i o n  r a t e s  (Oey e t  a l . ,  1984). 

Cor ing through the  Madera cont inued and by  
day 23 o f  operat ions,  t h e  pr imary o b j e c t i v e s  o f  
VC-1 had been s a t i s f i e d .  Because funds remained 
and the  h o l e  was c o r i n g  b e a u t i f u l l y ,  a dec i s ion  
was made t o  attempt t o  core i n t o  Precambrian 
basement. Un fo r tuna te l y ,  c o r i n g  passed t h e  760 
m i n t e r v a l ,  s t i l l  i n  Madera Limestone, and t h e  
temperature rose  s t e a d i l y  t o  rough ly  140OC. A t  
808 m, t he  format ion changed r a t h e r  sharp ly  f rom 
1 imestone t o  a conglomerate-sandstone-shale 
sequence i d e n t i f i e d  as Pennsylvanian Sandia 
Formation. This  u n i t ,  which i s  o f  v a r i a b l e  
th ickness,  f i l l s  an i r r e g u l a r  e ros ion  su r face  on 
Precambrian basement i n  the  reg ion .  On t h e  
n i g h t  o f  day 30, the  core b i t  began t o  s t i c k  i n  
b r e c c i a t e d  Sandia shale, and i t  was decided t o  
terminate c o r i n g  so as n o t  t o  jeopard ize t h e  
success of t h e  h o l e  o r  ove r tax  t h e  budget. F i n a l  
depth of VC-1 a t  4 a.m., September 1 ,  1984 was 
856.2 m (2809 f t ) .  

Qging and Completion 

A f te r  t h e  core s t r i n g  was p u l l e d  f rom t h e  
hole,  an at tempt  was made t o  r u n  a s u i t e  o f  
geophysical logs. This was delayed because c l a y  
zones i n  t h e  Abo Formation squeezed i n t o  t h e  
corehole forming several br idges.  To ovecome 
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t h i s ,  a cas ing shoe was attached t o  t h e  N-rods, 
and they  were r u n  back i n t o  the  bot tom o f  t h e  
corehole t o  ream ou t  t h e  br idges.  Temperature, 
n a t u r a l  gamma, and neutron logs were then com- 
p l e t e d  i n s i d e  t h e  rods. The rods were then 
p u l l e d  i n  150 m increments and the  remainder of 
t h e  l ogs  (densi ty ,  c a l i p e r ,  S-P, r e s i s t i v i t y )  
were r u n  below the  rods i n  each newly exposed 
open-hole i n t e r v a l .  Logging i n  t h i s .  fash ion was 
completed up t o  the  bottom o f  the Abo, about 427 
m. A p r e l i m i n a r y  comparison between t h e  logs 
and t h e  s t r a t i g r a p h y  can be found i n  Rowley e t  
a l .  ( i n  prep.). 

The corehole was f i n i s h e d  by a t tach ing  a 
d u l l  NQ core b i t  t o  a worn-out set  o f  rods and 
runn ing  them as deep as poss ib le  (854.4 m) t o  
a c t  as a s o l i d  l i n e r .  A cement s l u r r y  was then 
pumped t o  the  bottom fo l l owed  by a p l u g  and the  
l i n e r  f i l l e d  w i t h  f resh  water. The r i g  was 
re leased on 1:15 p.m., 3 September 1984, and a 
gate va l ve  was i n s t a l l e d  on the  wellhead the  
nex t  day. 

Core Recovery and Cura t i on  Procedures 

Average core recovery f o r  VC-1 exceeds 95%, 
an e x c e l l e n t  record.  Low recovery i n  the  upper 
45 m o f  t h e  w e l l  r e f l e c t s  the broken c o n d i t i o n  
o f  the f l ow- top  o f  the Banco Boni to  obs id ian.  
Lower i n  t h e  we l l ,  p a r t i c u l a r l y  i n  Madera Lime- 
stone, co re  o c c a s i o n a l l y  s l i p p e d  ou t  o f  t he  core 
b a r r e l  i n  1 -  t o  3-m lengths. E x t r a  core (E-core) 
was taken a t  several i n t e r v a l s  when core from a 
prev ious r u n  was l o s t  and then p icked up by  the  
nex t  core run. By and la rge ,  core recovery was 
poorest  i n  f rac tu red ,  brecc iated,  o r  c layey  
i n t e r v a l s  . 

Core was p ro tec ted  under DOE'S C u r a t o r i a l  
Guidel ines and Procedures (S. Goff,  i n  press) .  
A l l  personnel hand l i ng  core a t  t he  d r i l l  s i t e  
worked under the d i r e c t i o n  o f  t he  CSDP Sample 
Manager and were t r a i n e d  i n  c u r a t i o n  proce- 
dures. W e l l - s i t t e r s  were respons ib le  fo r  
t r a n s f e r r i n g  core from t h e  core b a r r e l  t o  the  
core box, core l a b e l i n g  and numbering, and 
renumbering broken core. Every 20 ft, a 15-cm 
p iece o f  core was preserved f o r  phys i ca l  
p roper t y  measurements by  wrapping i n  aluminum 
f o i l  and d ipp ing  i n  beeswax. A comprehensive 
f i e l d  form was completed immediately a f t e r  each 
core run .  

Core B i t  Performance 

Core b i t  performance f o r  t he  d r i l l i n g  o f  
VC-1 was a l so  exce l l en t .  Only f i v e  b i t s  were 
used, Table I. The HQ s i z e  core b i t s  had lower 
b i t  l i f e ,  f o u r  were used t o  a depth o f  309.7 in. 
The rock above t h i s  depth, e s p e c i a l l y  t he  Banco 
Bon i to  obs id ian  r e s u l t e d  i n  slow and d i f f i c u l t  
c o r i n g  and r a t h e r  r a p i d  b i t  wear. Only a s i n g l e  
NQ b i t  was used from 309.7 m t o  t o t a l  depth. The 
b i t  type selected, an ove rs i ze  Longyear Green, 
se r ies  1, impregnated i s  genera l l y  considered 
s u i t a b l e  f o r  medium hard, abras ive rock.  

Gof f ,  e t  a l .  

TABLE I 

CDRE B I T  RECORD SUPUARV V C - I  

E l t  Intarval Type and B i t  0.0. 
NO. Cored ( f t )  Size. (In.)* t o r e  ( i n . )  

2 242 - 4 0 0  . 
3 4 0 0  - 917 

4 917 - 1016 " 
5 1016 - 2809 ' Np 3.03 1-7/8 core dram. 

*Longyear - Green Scrler I .  for mdium hard. abrasive 

**The 3.83 and 3.03 fn.-O.D. b i t 5  a re  oversize: convm- 
t lonal diameters for  H and N are 3 . 1 8 2  and 2.98 in. .  
respect ively.  

rock, diamond impregnated matr ix  

D r i l l i n g  F l u i d  

A s i g n i f i c a n t  p a r t  o f  t h e  e x c e l l e n t  core 
recovery experienced i n  t h e  VC-1 p r o j e c t  can be 
a t t r i b u t e d  t o  the  d r i l l i n g  f l u i d  program. The 
f l u i d  a d d i t i v e s  program i s  summarized i n  F i g u r e  
3, which a l so  records e f f o r t s  t o  s t a b i l i z e  
formations, such as t h e  Abo, t o  ma in ta in  a c lean 
ho le  and t o  sus ta in  h i g h  core q u a l i t y  and good 
recovery ra tes .  The d r i l l i n g  p lan f o r  VC-1 
assumed t h a t  complete l oss  o f  c i r c u l a t i o n  would 
be experienced f o r  t h e  e n t i r e  d r i l l  i n g  p r o j e c t .  
The d r i l l  r i g  was equipped w i t h  d r i l l i n g - f l u i d  
tanks and and a h y d r a u l i c a l l y  r i v e n  mud pump 
w i t h  a capac i t y  o f  about 2.7 $/h. Therefore 
w i t h  continuous f l u i d  loss,  about 65.6 d / d a y  
(17,300 gal/day) o f  water would be used. 

I t  was e s p e c i a l l y  impor tant  t h a t  an adequate 
water supply be a v a i l a b l e  on -s i t e  so t h a t  t h e  
borehole would n o t  r u n  dry. Dry h o l e  cond i t i ons  
s i g n i f i c a n t l y  increase t h e  r i s k  o f  borehole w a l l  
i n s t a b i l i t y ,  caving, and sloughing i n t o  annulus 
between the  d r i l l  rods and borehole w a l l .  I n  
add i t i on ,  a d r y  ho le  increases the  occurrence 
and s e v e r i t y  o f  r o d  v i b r a t i o n s  from f r i c t i o n ,  
which must be countered by withdrawing ( t r i p -  
p i n g )  t h e  rods and app ly ing  r o d  grease. I n t e r -  
r u p t i n g  t h e  c o r i n g  operat ions f o r  rod withdrawal 
increases t h e  r i s k  o f  h o l e  caving, reduces core 
q u a l i t y ,  and in t roduces unproductive time. It 
was t h e r e f o r e  ve ry  d e s i r a b l e  t o  mainta in  a 
s i g n i f i c a n t  f l u i d  l e v e l  i n  the  hole and t o  
p rov ide  a s u f f i c i e n t  h y d r o s t a t i c  head. Water 
supply  dec i s ions  and assumptions o f  complete 
l o s t  c i r c u l a t i o n  were based upon previous d r i l l -  
i n g  experience i n  t h e  Va l l es  ca ldera area. 
Actual  t o t a l  water usage was 986.6 d f o r  t he  
24 a c t i v e  days o f  c o r i n g  operat ions f o r  an 
average r a t e  of usage o f  39.8 d (10,500 
gal/day). 

PRELIMINARY RESULTS AND INVESTIGATIONS 

S t r a t i  gr  aphy and S t r u c t u r e  

VC-1 (F igu re  3 )  penetrates 298 m of 
i n t r a c a l d e r a  vo lcanics,  35 m o f  T e r t i a r y  
v o l c a n i c l a s t i c  b recc ia  t h a t  pre-dates ca lde ra  

3 
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F i g u r e  3. S t r a t i g r a p h y  and mud program o f  VC-1, Val les caldera, New Mexico. 

format ion,  91 m o f  Permian Abo Formation, 381 m 
o f  Pennsylvania Madera Limestone, and 40 m o f  
Pennsylvanian Sandia Formation. These Paleozoic  
l i t h o l o g i e s  c o r r e l a t e  w e l l  w i t h  c u t t i n g s  f rom 
t h e  Jemez Springs geothermal w e l l  and w i t h  
outcrops exposed i n  San Diego Canyon southwest 
o f  t h e  ca lde ra  ( G o f f  e t  a1 ., 1981). Based on 
s t r a t i g r a p h i c  comparisons, c o r i n g  o f  VC-1 
stopped r o u g h l y  20 m sho r t  o f  Precambrian base- 
ment. The Madera Limestone i s  approx imate ly  100 
m t h i c k e r  than expected, p a r t l y  due t o  a 25' SE 
d i p  on t h e  Paleozoic  sect ion.  D e t a i l e d  examina- 
t i o n  o f  the Madera by D. Wachs ( I s r a e l i  Geol. 
Survey) has n o t  revealed a repeated s e c t i o n  due 
t o  reve rse  f a u l t i n g ,  b u t  VC-1 i s  l oca ted  on the  
northwest (upthrown) s i d e  o f  t he  Jemez f a u l t  
zone, which i s  b u r i e d  by r e l a t i v e l y  un fau l ted  
ca lde ra  moat vo lcanics.  Thus, i t  i s  poss ib le  
t h a t  some o f  t he  a d d i t i o n a l  th ickness o f  lower 
Paleozoic  rocks i s  caused by  the corehole 
p e n e t r a t i n g  sheared and b recc ia ted  s t r a t a  
ad jacent  t o  a f a u l t .  Another exp lana t ion  o f  t h e  
t h i c k  Paleozoic  sec t i on  cou ld  be t h a t  unknown 
growth f a u l t ( s )  l y i n g  southwest o f  VC-1 caused 
s l i g h t  t h i c k e n i n g  o f  l o c a l  Madera rocks d u r i n g  
P a1 eozoi c t ime  . 

* .  

i 

The vo l can ic  sec t i on  i n  VC-1, which inc ludes 
a s u i t e  o f  r e l a t i v e l y  young moat vo l can ics  i n  
the  southwestern r i n g - f r a c t u r e  zone, a l so  
y i e l d e d  some su rp r i ses .  The Banco Boni to  
obs id ian (149 m t h i c k )  i s  f ou r  times t h i c k e r  
than the  nearest  exposure 0.3 km away i n  the NE 
w a l l  o f  San Diego Canyon, suggesting t h a t  i t  
f i l l e d  a pa leo -va l l ey  i n  the Val les ca lde ra  
moat. I n  con t ras t ,  t h e  B a t t l e s h i p  Rock Tuff,  
which i s  over 100 m t h i c k  i n  San Diego Canyon i s  
o n l y  12 m t h i c k  i n  VC-1. A prev ious l y  unknown 
obsid ian f l o w  19 m t h i c k  under l i es  B a t t l e s h i p  
Rock T u f f  and has a K / A r  age determinat ion of 
0.356+0.061 Ma on b i o t i t e  (M. Shaf iqu l lah,  Univ. 
ArizoFa). The lower vo l can ic  sequence consis ts  
of ext remely l i t h i c - r i c h ,  v e r y  densely welded 
upper and lower Bandel ier  T u f f  i n t e r p r e t e d  as 
probable i n t r a c a l d r o n  fac ies,  and a pre- 
Bandel i e r  ash-flow t h a t  was probably  erupted 
from a nearby vent  WNW o f  VC-1. 

A v o l c a n i c l a s t i c  c l a y - r i c h  b recc ia  35 m 
t h i c k  under l i es  the main v o l c a n i c  sequence. 
This b recc ia  cons is t s  of about 1 rn o f  b lack t o  
brown a n d e s i t i c  s o i l  a t  t he  t o p  and grades i n t o  
p o o r l y  so r ted  rock con ta in ing  angular andesi te  
and subord inate dac i te ,  r h y o l i t e ,  and b a s a l t  
fragments i n  a var iegated Clay m a t r i x .  This 

4 
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F igu re  4 .  Schematic cross-sect ion o f  southwestern Va l l es  ca lde ra  reg ion,  New Mexico showing 
s t r a t i g r a p h y ,  s t r u c t u r e ,  and temperature isotherms. 

u n i t  i s  i n t e r p r e t e d  t o  be an a l t e r e d  co l l uv ium 
shed f rom surrounding volcanoes o f  T e r t i a r y  
Keres Group (13 t o  6 Ma; Gardner and Goff,  1984) 
i n t o  a paleo-San Diego Canyon o r  some s i m i l a r  
v a l l e y  along the evo lv ing  Jemez f a u l t  zone. The 
u n i t  c l e a r l y  predates vo l can ic  events associated 
w i t h  V a l l e s  and Toledo ca lderas.  

The v o l c a n i c l a s t i c  b recc ia  and under l y ing  
Paleozoic  rocks are f a u l t e d ,  sheared, and 
minera l ized.  From examination o f  o r i e n t e d  cores 
from Madera Limestone a t  476 m, t he  Paleozoic 
s e c t i o n  i n  VC-1 s t r i k e s  approximately N35E and 
d ips  25 SE as opposed t o  the g e n t l e  NE d i p  
observed i n  Paleozoic  rocks o f  upper San Diego 
Canyon. We b e l i e v e  t h i s  deformation i s  caused 
by drag a long b u r i e d  f a u l t ( s )  o f  t h e  nor theast -  
t rend ing  Jemez f a u l t  zone. 

A c ross -sec t i on  t h a t  runs E-W f rom t h e  Jemez 
P l a t e a u  through V C - 1  i n t o  the  V a l l e s  moat  zone 
and then bends no r theas t  i n t o  the Redondo Creek 
graben area i s  shown i n  F igu re  4 .  The s e c t i o n  
i s  based on n e a r l y  7 km o f  known s t r a t i g r a p h y  
f rom w e l l s  EE-2 (Laugh1 in ,  1981), V C - I ,  and Baca 
#12 (Nie lson and Hulen, 1984) and c l e a r l y  
d i s p l a y s  t h e  abrupt s t r u c t u r a l  and s t r a t i g r a h i c  
changes t h a t  a re  associated w i t h  the co l l apse  
and pos t - co l l apse  volcanism o f  Va l l es  ca ldera.  
The t h i n  v o l c a n i c l a s t i c  b recc ia  a t  t he  bot tom o f  
t h e  v o l c a n i c  sequence i s  n o t  shown t o  emphasize 
t h a t  t h i c k  p i l e s  o f  Keres Group andesi te  f l o w s  
occur both i n s i d e  and ou ts ide  t h e  ca lde ra  b u t  
a re  m iss ing  i n  VC-1. 

Hydrothermal A l t e r a t i o n s  and Thermal Regime 

M i n e r a l i z a t i o n  observed i n  VC-1 core i s  most 
i n tense  along shears, f rac tu res ,  and f a u l t s  from 
the  v o l c a n i c l a s t i c  b recc ia  on down. Although 
t h e  a l t e r a t i o n s  have y e t  t o  be examined i n  
d e t a i l ,  they c o n s i s t  p r i m a r i l y  o f  c lays,  c a l c i t e ,  

p y r i t e ,  quartz, and c h l o r i t e .  There i s  a 
general increase i n  the i n t e n s i t y  and rank of 
a l t e r a t i o n  minera l  assemblages w i t h  depth. AS 
an example, a p a r t i c u l a r l y  a l t e r e d  and m ine ra l -  
i zed  sample o f  green b r e c c i a t e d  Sandia Formation 
f rom 846.7 m i s  considered t o  rep resen t  p h y l l i c -  
grade a l t e r a t i o n  (J .  Hulen, UURI). Besides 
c h l o r i t e ,  phengite, and p y r i t e ,  t h i s  b r e c c i a  
conta ins f r a c t u r e  coat ings o f  molybdenite 
(MoS2) and anomalous concentrat ions o f  Pb, Cu, 
and Zn (R.  Hagan, Los Alamos). Cha lcopy r i t e  
(CuFeS2) has been i d e n t i f i e d  i n  a quar tz  v e i n  
c u t t i n g  t h e  upper Sandia Formation (L. Maassen, 
Los Alamos) and from f r a c t u r e d  Madera Limestone 
as h i g h  as 515 m. 

Thermal a q u i f e r s  were apparent ly  encountered 
a t  several hor izons i n  the lower h a l f  o f  t he  
corehole j udg ing  from p o s i t i v e  excursions i n  the  
thermal g rad ien t  p r o f i l e  (F igu re  5 ) .  The v o l -  

impermeable b a r r i e r  separa t i ng  cool aqu i fe rs  i n  
t h e  porous i n t r a - c a l d e r a  vo l can ic  sequence from 
thermal aqui fers  i n  the  Paleozoic  sequence. The 

~ average thermal g r a d i e n t  f rom 350 t o  750 m i s  
210°C/km and i s  amazingly l i n e a r .  This gradient  
corresponds t o  a conduct ive hea t  f l u x  o f  approx- 
ima te l y  10 HFU (J. Sass, USGS). Present ly ,  t h e  
wellhead b u i l d s  up minor gas pressure, thought 
t o  be mos t l y  C02 re leased  f rom t h e  thermal 
aqu i fe rs .  

c a n i c l a s t i c  b r e c c i a  ac ts  as a r e l a t i v e l y  

F i g u r e  4 shows temperature isotherms on t h e  
cross-sect ion of t he  southwestern ca lde ra  area 
t h a t  were drawn from measured temperatures and 
gradients .  The isotherms s t r i k i n g l y  d i s p l a y  t h e  
change i n  thermal regime from convec t i ve  hydro-  

l thermal  up- f low and l a t e r a l  f l o w  i n s i d e  t h e  
ca lde ra  t o  conduct ive heat  f l o w  o u t s i d e  t h e  
caldera. The boundary between these two thermal 
regimes occurs i n  the  v i c i n i t y  o f  VC-1, and t h i s  
f i g u r e  dep ic t s  how impor tant  t h i s  corehole w i l l  
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F i g u r e  5. Temperature g rad ien t  o f  VC-1. 

be t o  our understanding o f  t he  Va l l es  thermal 
regime. 

CONCLUSIONS 

The e x c e l l e n t  core q u a l i t y  obta ined f rom t h e  
VC-1 opera t i ons  conf i rms the  u t i l i t y  o f  core- 
ho les f o r  s c i e n t i f i c  i n v e s t i g a t i o n  o f  hydro- 
thermal systems (Benoi t ,  1984). I n i t i a l  
s c i e n t i f i c  r e s u l t s  from the  VC-1 core and 
borehole have prov ided new i n s i g h t s  i n t o  the  
s t r u c t u r e  o f  t h e  Va l l es  ca lde ra  and na tu re  o f  
t h e  associated hydrothermal system. Extens ive 
analyses o f  core samples are i n  progress, and 
h y d r o l o g i c  t e s t s  i n  V C - 1  are planned f o r  t he  
summer o f  1985. 

The p r e l i m i n a r y  r e s u l t s  have encouraged 
p repara t i on  o f  a CSDP-Thermal Regimes proposal 
f o r  ex tens i ve  deep c o r i n g  i n  t h e  Va l l es  ca ldera.  
These e f f o r t s  should prov ide d e t a i l e d  under- 
s tand ing  o f  ca lde ra  processes, and thus f u r t h e r  
knowledge o f  t he  generation, evo lu t i on ,  and 
e x p l o r a t i o n  o f  hydrothermal r e s e r v o i r  systems 
and associated o r e  deposits. 
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