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EXECUTIVE SUMMARY 

T h i s  t e c h n i c a l  r e p o r t  on t h e  Phase I 1  geothermal  e x p l o r a t i o n  o f  Ascens ion  

I s 1  and documents t h e  d a t a  c o l l  e c t e d  d u r i  ng the rma l  g r a d i e n t  d r i  11 i ng and t h e  

subsequent t h e r m a l  and f l u i d  chemica l  i n v e s t i  g a t i  ons.  It a1 so documents t h e  

c o m p l e t i o n  o f  t h e  Phase I 1  e x p l o r a t i o n  s t r a t e g y  which was proposed a t  t h e  end 

of o u r  Phase I - P r e l i m i n a r y  Examina t ion  o f  Ascension I s l a n d .  

The t h e r m a l  g r a d i e n t  d r i l l i n g  r e s u l t e d  i n  seven h o l e s  wh ich  range from 

206 t o  1750 f t  (53-533 m )  deep, w i t h  a c u m u l a t i v e  f o o t a g e  o f  6563 ft ( 2 0 0 0  

m). The d r i l l i n g  p rocedure  and t h e  problems encoun te red  d u r i n g  t h e  d r i l l i n g  

have been e x p l a i n e d  i n  d e t a i l  t o  p r o v i d e  i n f o r m a t i o n  v a l u a b l e  f o r  any 

subsequent d r i  11 i n g  program on t h e  i s l a n d .  I n  a d d i t i o n  , t h e  subsur face  

geology encoun te red  i n  t h e  h o l e s  has been documented and, where p o s s i b l e ,  

c o r r e l a t e d  w i t h  o t h e r  h o l e s  o r  t h e  geology mapped on t h e  su r face  of t h e  

i s 1  and, 

Temperatures measured i n  t h e  ' h o l e s  reach  a maximum o f  13OOF (54.4"C) a t  

1285 ft (391.7 m) i n  h o l e  GH-6. When t h e  t e m p e r a t u r e s  of a l l  h o l e s  a r e  

p l o t t e d  a g a i n s t  e l e v a t i o n ,  t h e  h o l e s  can be c l a s s e d  i n t o  t h r e e  d i s t i n c t  

g roups ,  t h o s e  whi ch have  no thermal mani f e s t a t i  ons , t hose  with d e f i  n i  t e  

geothermal  a f f i n i t i e s ,  and one h o l e  wh ich  i s  i n t e r m e d i a t e  between t h e  o t h e r  

two.  F r o m  c o n s i d e r a t i o n  of t h i s  i n f o r m a t i o n ,  i t  i s  c l e a r  t h a t  t h e  h i g h e s t  

geothermal  p o t e n t i a l  on t h e  i s l a n d  i s  i n  t h e  Donkey F l a t  a rea  e x t e n d i n g  

benea th  M i d d l e t o n  Ridge,  and i n  t h e  C r i c k e t  V a l l e y  area. Because of t h e  

g r e a t e r  d r i l l i n g  depths and t h e  remote n a t u r e  o f  t h e  C r i c k e t  V a l l e y  a rea ,  i t  

i s  recommended t h a t  f u t u r e  e x p l o r a t i o n  c o n c e n t r a t e  i n  t h e  area  around 

M i  d d l  e t o n  Ridge. 

Ho le  LDTGH was a l a r g e  d i a m e t e r  h o l e  which was d r i l l e d  t o  t e s t  f o r  t h e  

presence o f  a f r e s h  w a t e r  a q u i f e r  beneath t h e  i s l a n d .  The w a t e r  e n c o u n t e r e d  

1 



2cas b r a c k i s h .  T h i s  i s  p r o b a b l y  due t o  t h e  h i g h  l a t e r a l  p e r m e a b i l i t y  o f  t h e  

i s l a n d  which e f f e c t i v e  y d i s p e r s e s  any p r e c i p i t a t i o n  t o  t h e  sea. F l u i d  

sampl es c o l  1 e c t e d  f r o m  t h i  s we1 1 have been chemical  1 y ana lyzed ,  Thei  r 

c h e m i s t r y  i n d i c a t e s  t h a t  t h e y  a r e  d e r i v e d  f r o m  seawater  r e a c t i n g  w i t h  r o c k s  a t  

e l e v a t e d  t e m p e r a t u r e s .  Temperatures c a l c u l a t e d  from t h e  chemical  ana lyses  

i n d i c a t e  t h a t  t h e  f l u i d s  have seen t e m p e r a t u r e s  a t  l e a s t  as h i g h  as 232OF 

( l l l O C )  and may have e x p e r i e n c e d  t e m p e r a t u r e s  between 302" and 392°F (150"  and 

200OC). We b e l i e v e  t h a t  t h e s e  f l u i d s  have been t r a n s p o r t e d  l a t e r a l l y  f r o m  t h e  

h i g h e r  t e m p e r a t u r e  p o r t i o n s  o f  a geothermal  system and may n o t  be t h e  h i g h e s t  

t e m p e r a t u r e s  which c o u l d  be d i s c o v e r e d  by a deeper d r i  11 i ng program. 

I n  summary, ou r  Phase I 1  e f f o r t  has found ev idence  of a h i g h - t e m p e r a t u r e  

geothermal  system beneath Ascension I s l a n d .  The most p r o s p e c t i  ve a rea  i s  

l o c a t e d  i n  t h e  v i c i n i t y  o f  M i d d l e t o n  Ridge. We recommend a d d i t i o n a l  e x p l o r a -  

t i o n  i n  t h i s  a rea  wh ich  s h o u l d  c o n s i s t  o f  a s h o r t  e l e c t r i c a l  r e s i s t i v i t y  

sur.vey t o  a l l o w  t h e  s i t i n g  of a deep the rma l  g r a d i e n t  t e s t  h o l e .  

s h o u l d  be d r i l l e d  t o  depths o f  3000 t o  5000 f t  ( 9 1 4  t o  1524 m ) ,  and s h o u l d  be 

des igned  t o  i n t e r s e c t  and t e s t  f l u i d s  which a r e  capab le  o f  g e n e r a t i n g  

e l  e c t  r i  c a l  power. 

The h o l e  

2 



T h i s  r e p o r t  i s  t h e  f i  

INTRODUCTION 

1 t e c h n i c a l  r e p o r t  o f  t h e  Phase I 1  ge t h e m a l  

e x p l  o r a t i o n  o f  Ascension Is1 and , South A t 1  a n t i c  Ocean. P r e v i o u s  r e p o r t s  on 

t h e  Phase I 1  e f f o r t  d i s c u s s e d  t h e  r e s u l t s  o f  e l e c t r i c a l  r e s i s t i v i t y  ( R o s s  e t  

a l .  , 1984a) and aeromagnet ic  su rveys  (Ross e t  a l . ,  1984b).  T h i s  r e p o r t  d e a l s  

w i t h  t h e  r e s u l t s  o f  t he rma l  g r a d i e n t  d r i  11 i n g  and subsur face  t e m p e r a t u r e  

measurements which were completed i n  December o f  1983 and March, 1984, 

r e s p e c t i  v e l y ,  

As p a r t  o f  t h e  Phase I e f f o r t  o f  t h i s  p r o j e c t ,  a p r e l i m i n a r y  e x a m i n a t i o n  

o f  t h e  geothermal  p o t e n t i a l  of Ascension I s l a n d  ( N i e l s o n  and S i b b e t t ,  1982) 

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

a geothermal  r e s o u r c e  and t h a t  more d e t a i l e d  e x p l o r a t i o n  was w a r r a n t e d .  A t  

t h a t  t i m e  a s t r a t e g y  f o r  t h e  subsequent e x p l o r a t i o n  was proposed,  and t h a t  

s t r a t e g y  has been c a r r i e d  o u t  and r e p o r t e d  t o  t h e  USAF i n  t h i s  and t h e  o t h e r  

Phase I 1  t e c h n i c a l  r e p o r t s .  

T h i s  t e c h n i c a l  r e p o r t  goes i n t o  d e t a i l s  o f  t h e  d r i l l i n g  program t h a t  make 

f o r  r a t h e r  cumbersome r e a d i n g ,  b u t  wh ich  a r e  necessa ry  for  p r o p e r  documen- 

t a t i o n  o f  t h e  p r o j e c t  and f o r  t h e  e f f i c i e n t  h a n d l i n g  of any a d d i t i o n a l  

geothermal  or groundwater  work on Ascension.  
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DRILL I NG 

Seven thermal gradient ho les ,  ranging from 206 f t  (63 m) t o  1750 f t  (533 

m )  deep were d r i l l e d  on Ascension Island between August 25, and December 12,  

1983. The t o t a l  footage d r i l l e d  was 6563 f t  (2000 m ) .  The individual depths ,  

surface elevat ion and descr ip t ive  locat ions are  given i n  Table 1,  and they are  

p lo t ted  on Figure 1. The d r i l l i n g  was conducted by Tonto D r i l l i n g  Services of  

S a l t  Lake C i t y ,  Utah using a skid-mounted, modified Longyear 44 core  d r i l l  

r i g .  

i n  (9.78 cm) diameter hole and  recover 2.5 i n  (6.35 cm) diameter core.  I n  the  

two deepest holes (GH-2 and GH-6)  the  lower few hundred f e e t  were d r i l l e d  w i t h  

NQ s i z e  b i t s  (1.85 i n  core from a 3.04 i n  h o l e ) .  Tricone rot:ry b i t s  of 

appropriate  s i z e s ,  which do n o t  cut a core b u t  return d r i l l  c - i p s  t o  t h e  

s u r f a c e ,  were used t o  d r i l l  the  hole required for  casing anc; :hen thick se-  

Host of the  d r i l l i n g  was done u s i n g  HQ s i z e  core b i t s  which cut a 3.85 

quences of t r a c h y t i c  ash and  pumice were penetrated,  

ho le ,  LDTGH, was d r i l l e d  t o  622 f t  w i t h  t r i c o n e  b i t s .  

Also t: la rge  diameter 

Method and Comol e t  i on 

Core d r i l l i n g  was selected f o r  the therrnal gradient hole phase of explo- 

ra t ion  f o r  several reasons. Anticipated subsurface conditions indicated t h a t  

l o s t  c i r c u l a t i o n  of d r i l l i n g  f l u i d s  would be a major problem and t h i s  proved 

t o  be the case.  Under these circumstance d r i l l  c u t t i n g s  are  washed i n t o  t h e  

formation, resu l t ing  in no s t r a t i g r a p h i c  information and the  d i s t i n c t  possi - 
b i l i t y  of s t i c k i n g  the d r i l l  rods i f  the  cu t t ings  f a l l  back i n t o  the hole. I n  

a d d i t i o n ,  the  d r i l l  r i g  selected for  the j o b  was s p e c i a l l y  designed f o r  t r a n s -  

port t o  and  operation in remote locat ions and  could,  i f  necessary,  have been 

demobilized t o  Patrick A F B  i n  a C-141. 

The d r i l l  holes were generally s t a r t e d  w i t h  a 5.63 i n  (14 .3  cm) t r i c o n e  

4 



Tab le  1 - Summary o f  t e m p e r a t u r e  g r a d i e n t  h o l e s  d r i l l e d  on Ascension I s l a n d .  

S u r f  ace Depth of  Depth o f  
Ho le  4 Depth E l e v a t i o n  Cas ing  L i n e r  L o c a t i o n  * 

(178  m )  (171 .5  m )  ( 2 4 . 4  m )  (150 m )  

( 5 3 3  m )  ( 4 7 8  m )  ( 5 4 . 9  m )  ( 5 3 1  m )  

GH-1  583 f t  563 f t  80 ft 492 ft N c T u r k ' s  C u l v e r t  

GH-2 1750 f t  1570 ft i ao  ft 1742 f t  E. o f  C r i c k e t  V a l l e y  

GH-3 206 f t 212 f t 40 f t 1 9 /  f t N. of Booby H i 1  1 ,  

GH-3 723 ft 586 ft 120 f t  712 f t  S. of Bears i3ack, 

( 6 2 . 8  m )  ( 6 4 . 6  m)  (12 .2  m )  (60 m )  So. A f r i c a n  dump 

( 2 2 0 . 4  m )  (178 .6  m )  ( 3 6 . 6  m )  ( 2 1 7  m )  N o r t h e a s t  Bay Road 

GH-5 a92 i t  515 ft 60 f t 886 i t  O ld  iqounta in  2oad, 
(271 .9  m )  ( 1 5 7  m )  (18.3 in) ( 2 7 0  m )  S. o f  S i s t e r s  Peak 

GH -6 1294 f t  620 f t  6-1 f t  1285 f t  NASA Road, E. 
( 3 9 4 . 4  m )  ( 1 8 9  m )  ( 1 6 . 3  in) ( 3 9 1  m )  o f  D e v i l s  R i d i n g  Sch. 

- 
LD I GH 1115 f t 510 f t  5:- f t  1115 f t M i  dway between 

( 3 4 0  m )  ( 1 7 4  m )  (18 .7  m) ( 3 4 0  m )  G H - 1  and G H - 6  
~ ~~~ 

* Dril l  s i t e s  a r e  p l o t t e d  on F i g u r e  1. 
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m i l l - t o o t h  b i t  t o  provide a large hole for  the 4 . 5  i n  (11.4 cm) surface cas-  

ing ,  w h i c h  was se t  t o  a depth of 40 t o  180 f t  (Table 1 ) .  The 4 . 5  i n  casing 

was cemented i n  place t o  control near-surface caving and  provide attachment 

for the b l o w  o u t  preventer ( B O P ) .  After surface casing was s e t ,  the holes 

were d r i l l e d  with HQ-size diamond core b i t s  o r  t r i c o n e  b i t s  depending on 

ground conditions as discussed below. After  a hole reached t o t a l  depth,  1.5 

i n ,  (3 .8 cm) s tee l  l i n e r  pipe was se t  t o  preserve the hole for  temperature 

surveys. 

Ground Conditions and  Dri 1 1  i n g  Probl  ems 

From surface mapping i t  was k n o w n  t h a t  massive l a v a  f lows, fragmental 

f l o w  breccia ,  volcanic breccia a n d  ash deposi ts  w o u l d  be encountered i n  the  

subsurface,  The fragmental rocks can be very d i f f i c u l t  t o  d r i l l  because of 

l o s t  c i r c u l a t i o n ,  var iab le  hardness and  caving. During d r i l l i n g  i t  was f o u n d  

t h a t  the  combination of d r i l l i n g  a g i t a t i o n  and  adding water t o  the  dry forma- 

t i o n  d e s t a b i l i z e d  the fragmental deposi ts  a n d  caused caving, The continual 

l o s t  c i r c u l a t i o n  i n t e n s i f i e d  the caving problem because caved material c o u l d  

n o t  be l i f t e d  o u t  a n d  the d r i l l i n g  mud of ten did n o t  stand high enough i n  the  

ho le  t o  help hold i t  open. Coring worked well in  h a r d ,  competent rocks such 

as massive basa l t  flows, rhyol i te  lava flows and consolidated pyroc las t ic  

rocks. Loose hard rocks, p a r t i c u l a r l y  b a s a l t  flow breccias and cinders were 

very d i f f i c u l t  t o  core because the c l a s t s  would rol l  a r o u n d  under the b i t ,  

preventing the diamond b i t  f r o m  c u t t i n g ,  abrading the  b i t  and  breaking o f f  the 

d iamnds .  

p u l l i n g  the core barrel  many times t o  remove a small amount of breccia .  While 

the  core barrel  was being pulled or the  d r i l l  s t r i n g  raised t o  add a d r i l l  

p ipe ,  the f low breccia w o u l d  cave i n t o  the hole. Pr ior  t o  d r i l l i n g  i t  had  

Seen hoped the basa l t  f l o w  breccias above and below each l a v a  f l o w  w o u l d  be 

The loose material  would wedge i n  the  core barrel  , requir ing 
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i n f i l l e d  w i t h  ash a n d  s t a b i l i z e d .  However, above sea level the flow breccias 

were f o u n d  t o  be unconsolidated and  very open, Intensely f rac tured  zones,  

loose ash and  some clay zones a l so  proved very d i f f i c u l t  t o  core.  Elreccias 

a n d  ash zones were t h e r e f o r e  often d r i l l e d  w i t h  3.87 in (9 .84  cm) t r i c o n e  

b i t s .  The b i t  was past through the caved zone a number of times u n t i l  a l l  the  

material f a l l i n g  i n t o  the hole was g r o u n d  u p  and washed i n t o  the formation. 

The t r i c o n e  b i t s  would penetrate  s o f t  ash uni t s  f a i r l y  f a s t  b u t  made very slow 

progress i n  the  hard l a v a  flows. Dri l l  b i t s  and d r i l l i n g  methods have been 

desi gned t o  work i n  most ground conditions b u t  rapidly changi n g  heterogeneous 

l i t h o l o g i e s  encountered on Ascension Island are  very d i f f i c u l t  t o  d r i l l .  

D r i l l i n g  Mud and Rod Grease 

Lost ci rcul a t i o n  of dri 1 1  i n g  mud was the normal dr i  1 1  i n g  condition on 

Ascension Is land.  The permeability of d r y  ash,  scor ia  and  espec ia l ly  f l o w  

breccias  was too h i g h  t o  seal even with large q u a n t i t i e s  of l o s t  c i r c u l a t i o n  

mater ia l .  I n  addi t ion t o  cottonseed h u l l s ,  vermicul i t e  and  Chemstop 

(Dri l  lgel  ) were used as l o s t  c i r c u l a t i o n  mater ia l .  

where returns  were maintained l o n g  enough t o  f i l l  the  mud p i t .  

f l o a t i n g  i n  t h e  mud p i t  f r o m  t h e  p i t  w a l l s  c logged  t h e  mud pump w h e n  t h i s  mud 

was used. A t  a depth of 135 ft ( 4 1  m ) ,  while d r i l l i n g  a massive r h y o l i t e  

L D T G H  was the only hole 

Pumice l a p i l l i  

f l o w ,  3 b a g s  of  cottonseed h u l l s ,  2 bags dry Quikgel , 80 empty mud bags and  a 

treatment of Chemstop were used t o  regain c i r c u l a t i o n ,  A l l  re turns  were l o s t  

a g a i n  a f t e r  d r i l l i n g  s i x  fee t  deeper. After the LDTGH hole was cased t o  50 f t  

(15  m )  below sea l e v e l ,  1000 gal (3,785 1 )  of f resh water were pumped down the  

hole i n  a b o u t  2 minutes time without f i l l i n g  the  622 f t  of 6 .62  i n  casing (190 

m x 16.8 cm). 

Two d i f f e r e n t  mud programs were t r i e d  during the d r i l l i n g .  GH-1, GH-3, 

GH-4 a n d  G H - 5  were d r i l l e d  w i t h  sea water using Zeogel ( a t t a p u l g i t e )  a n d  
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p o l y n e r  (Pac-R or D r i s p a c ) .  T h i s  p r o v i d e d  a ve ry  t h i n ,  low v i s c o s i t y  d r i l l i n g  

f l u i d  which o n l y  c o o l e d  and l u b r i c a t e d  t h e  d r i l l  b i t  and p i p e .  Because a l l  

f l u i d s  were g e n e r a l l y  l o s t  near  t h e  b o t t o m  of t h e  h o l e ,  f r i c t i o n  between t h e  

d r i l l  rods  and t h e  h o l e  w a l l  and c a v i n g  were m a j o r  p rob lems ,  To reduce b o t h  

o f  t h e s e  problems,  l a r g e  q u a n t i t i e s  of r o d  grease were a p p l i e d  t o  t h e  d r i l l  

p i p e  as i t  was r u n  i n  t h e  h o l e .  The r o d  grease seemed t o  h e l p  s t a b i l i z e  t h e  

d r y  h o l e s  and reduce f r i c t i o n .  I n  GH-6, however, t h e  r o d  grease caused 

b u i l d u p  and c a k i n g  o f  c u t t i n g s  on t h e  d r i l l  p i p e  and i t s  heavy use was 

d i  s c o n t i  nued. 

The second mud program c o n s i s t e d  o f  s t a n d a r d  b e n t o n i t e  d r i  1 1  mud ( Q u i c k -  

g e l )  and a reduced amount of po l ymer  mixed i n  f r e s h  w a t e r  t o  expand t h e  

m o n t m o r i l l o n i t e  (wh ich  w o n ' t  expand i n  t h e  c a t i o n - r i c h  s a l t  w a t e r ) .  T h i s  was 

t h e n  mixed w i t h  2 p a r t s  of sea w a t e r  t o  e x t e n d  t h e  volume of d r i l l i n g  f l u i d .  

T h i s  f r e s h  w a t e r  and s a l t  w a t e r  mud program was used f o r  t h e  d r i l l i n g  of GH-6, 

GH-2  and LDTGH. The s w i t c h  from a s t r a i g h t  s a l t  water-Zeogel  mud t o  a m ixed  

w a t e r - b e n t o n i  t e  mud was made t o  reduce consumpt ion of t h e  expensi  ve D r i s p a c  

po lymer  and make a t h i c k e r ,  more v i s c o u s  mud t o  improve  h o l e  c o n d i t i o n s .  

d r i l l e r s  f e l t  t h a t  t h e  f r e s h  w a t e r  + s a l t  w a t e r  mud system h e l p e d  t h e  d r i l l i n g  

program and t h a t  c a v i n g  f requency was reduced. However , because an i ncreased  

volume of d r i l l i n g  f l u i d  was used on t h e  l a s t  t h r e e  h o l e s  i n  an a t t e m p t  t o  

p r e v e n t  problems,  and t h e  l a s t  t h r e e  h o l e s  were d r i l l e d  deeper t h a n  t h e  s a - l t -  

w a t e r  d r i l l e d  h o l e s ,  i t  i s  n o t  easy t o  compare d i r e c t l y  t h e  pe r fo rmance  of t h e  

two mud systems. The d r i l l e r s  conc luded  t h a t  t h e  Zeogel had no v a l u e ,  and i f  

a s t r a i g h t  s a l t  w a t e r  system were .used i n  t h e  f u t u r e ,  o n l y  po lymer s h o u l d  be 

added. 

The 
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i o g i  s t i c s  and Equi pment 

L o g i s t i c s  i s  a ma jo r  c o n s i d e r a t i o n  i n  a remote l o c a t i o n  l i k e  Ascension 

I s l a n d .  Heavy equipment and l a r g e  volume shipments a r e  b r o u g h t  i n  by b o a t .  

Harbor  c o n d i t i o n s  r e q u i r e  m a t e r i a l s  t o  be moved from s h i p s  t o  ba rges ,  t h e n  

l i f t e d  o f f  t h e  wave- tossed barges o n t o  t h e  dock by m o b i l e  c ranes .  The l i f t  

l i m i t a t i o n  o f  t h e  dock crane i s  20 t o  30 t o n s  depending on t h e  c rane  i ised. 

T h i s  wou ld  r e q u i r e  a t ruck -moun ted  d r i l l  r i g  t o  be d i s m a n t l e d  f o r  shipment and 

1 o a d i  ng o n t o  t h e  dock. Re1 a t  i v e l  y sma l  1 equ i  pment and emergency s u p p l i  es can 

be b r o u g h t  i n  on t h e  r e g u l a r l y  scheduled U.S. Air Force  C-141 f l i g h t s .  

Because o f  m i  1 i t a r y  m i  s s i o n  p r i  o r i  t i  es , needed d r i  11 i ng  supp l  i es cou l  d n o t  be 

a s s u r e d  t o  g e t  on t h e  n e x t  a v a i l a b l e  f l i g h t ,  however. 

An account  f o r  f u e l  and o t h e r  s u p p o r t  was s e t  up w i t h  Pan Am, t h e  s u p p o r t  

c o n t r a c t o r  f o r  t h e  U.S. a i r  base on t h e  i s l a n d .  Pan Am s u p p l i e d  a w a t e r  t r u c k  

f o r  d r i l  i n g  w a t e r ,  and c rane  and t r u c k s  f o r  moving t h e  d r i l l  r i g  f rom s i t e  t o  

s i t e .  A f r o n t  end l o a d e r  and b u l l d o z e r  were a l s o  s u p p l i e d  as needed. 

The d r i  11 i ng equipment p r o v i d e d  by Tonto D r i  11 i ng  S e r v i c e s  was of exce l  - 
l e n t  qua i t y .  Not a s i n g l e  s h i f t  was l o s t  t o  a m a j o r  breakdown of t h e  d r i l l  

r i g ,  r e f  x t i n g  on t h e  q u a l i t y  o f  t h e  equipment and t h e  s k i l l  of t h e  d r i l l e r s .  

A l a r g e  i n v e n t o r y  and s e l e c t i o n  o f  bozh diamond c o r e  b i t s  and t r i c o n e  

b i t s  was t a k e n  t o  t h e  i s l a n d  t o  p r o v i d e  f o r  t h e  unknown d r i l l i n g  env i ronmen t  

and expec ted  v a r i a b l e  rock  t y p e s  t o  be d r i l l e d .  

Cost and D r i  1 1  i ng  Rate 

Footage was d r i l l e d  on 80 days of t h e  p r o j e c t .  An a d d i t i o n a l  17 days,  

when no foo tage  was d r i l l e d ,  were spent  moving f r o m  s i t e  t o  s i t e ,  w o r k i n g  on 

s t u c k  d r i l l  p i p e ,  s e t t i n g  c a s i n g  i n  LDTGH, a i r l i f t i n g  w a t e r  f r o m  LDTGH and 

unpack ing  and p a c k i n g  t h e  d r i l l  r i g .  Three days were l o s t  w a i t i n g  f o r  a 

sh ipment  o f  d r i l l  mud. D a i l y  p e n e t r a t i o n  r a t e  was h i g h l y  v a r i a b l e ,  r a n g i n g  
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f r o m  3 f t  t o  22a f t  (1  t o  68 m ) .  However, t h e  average r a t e  pe r  h o l e  was 

f a i r l y  u n i f o r m  and c l o s e  t o  t h e  o v e r a l l  average f o r  t h e  80 d r i l l i n g  days o f  82 

f t l d a y  ( 2 5  m l d a y ) ,  or 68 f t l d a y  ( 2 1  m l d a y )  f o r  t h e  97 days worked. O v e r a l l  

f o o t a g e  c o s t  , e x c l  u s i  ve o f  mobi 1 i z a t i o n  and unused m a t e r i  a1 s ,  was S 7 5 / f t  

(S246lm).  T o t a l  b i t  c o s t  was 944,004 o r  46 .70 / f t .  

To compare t h e  two mud systems, f o o t a g e  c o s t s  and p e n e t r a t i o n  r a t e s  were 

c a l c u l a t e d  s e p a r a t e l y  f o r  t h e  h o l e s  d r i l l e d  w i t h  sea w a t e r  and t h o s e  d r i l l e d  

w i t h  f r e s h  w a t e r  and sea w a t e r .  To break t h e  c o s t  o u t  among h o l e s ,  t h e  

f i g u r e s  f r o m  t h e  d a i l y  c o s t  e s t i m a t e s ,  which do n o t  i n c l u d e  some i n d i r e c t  

c o s t s ,  were used, and t h e  c o s t  p e r  f o o t  i s  t h e r e f o r e  l o w e r  t h a n  t h e  o v e r a l l  

c o s t  f i g u r e  g i v e n  above, The f r e s h  w a t e r  f sea w a t e r  h o l e s  which were t h e  

deep h o l e s  (GH-2, GH-6 and LDTGH), c o s t  S 7 4 / f t  and p e n e t r a t i o n  averaged 80 

f t l d a y .  Cost p e r  f o o t  t ends  t o  i n c r e a s e  w i t h  dep th  due t o  i n c r e a s e d  t i m e  t o  

p u l l  t h e  c o r e  b a r r e l  and t r i p  f o r  a new b i t .  F o r  a mean ing fu l  compar ison,  t h e  

upper  p a r t  o n l y  of t h e  f r e s h  + sea w a t e r  d r i l l e d  h o l e s  (ave rage  o f  6 5 2  f t  p e r  

h o l e ,  t a k e n  t o  t h e  n e a r e s t  comp le te  day)  was compared t o  t h e  sea w a t e r  d r i l l e d  

h o l e s  (GH-1, GH-3, GH-4, GH-5, average of 600 ft p e r  h o l e ) .  The sea -wa te r  

d r i l l e d  h o l e s  c o s t  S67.50/ f t  w i t h  a p e n e t r a t i o n  r a t e  o f  85.8 f t / d a y .  The 

f r e s h  + sea w a t e r  h o l e s  c o s t  $65 .50 / f t  w i t h  a p e n e t r a t i o n  r a t e  of 85 f t / d a y .  

The upper  622 f t  (190  in) of LDTGH were d r i l l e d  u s i n g  o n l y  12.25 and 8.75 i n  

d i a m e t e r  t r i c o n e  b i t s  a t  a p e n e t r a t e  r a t e  of 89 f t l d a y  and a c o s t  of $ 6 4 / f t  i f  

t h e  c o s t  of c a s i n g  and t h e  12.25 i n  b i t  a r e  n o t  i n c l u d e d .  

The above a n a l y s i s  suggest  t h a t  average c o s t  p e r  f o o t  was about  t h e  same 

f o r  b o t h  t h e  Zeogel and b e n t o n i t e  d r i l l  muds. A l s o ,  t h e  p e n e t r a t i o n  r a t e  was 

abou t  t h e  same f o r  b o t h  mud systems. The p e n e t r a t i o n  r a t e  and c o s t  p e r  f o o t  

f o r  d r i l l i n g  w i t h  t h e  8.75 i n  t r i c o n e  b u t t o n  b i t  was comparable t o  diamond 

c o r e  d r i  1 1  i ng.  
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DRILLING HISTORIES 

Gd-1 

GH-1  was t h e  f i r s t  h o l e  d r i l l e d  i n  t h e  the rma l  g r a d i e n t  program. It i s  

l o c a t e d  n o r t h  o f  t h e  Sloan Freeway a t  V c T u r k ' s  C u l v e r t .  D r i l l i n g  of G;f-1 

s t a r t e d  on August 25, 1983 w i t h  a 5.25 i n  t r i c o n e  m i l l - t o o t h  b i t ,  and i t  was 

d r i l l e d  t o  a d e p t h  o f  83 f t  (25  m )  by noon, August 26. E i g h t y  f e e t  o f  4.5 i n  

s u r f a c e  c a s i n g  were s e t  i n  t h e  h o l e .  Below 83 f t, GH-1 was d r i l l e d  w i t h  HQ, 

c o r i n g  h a r d  b a s a l t  t o  118 f t  ( 3 6  m ) .  Below t h e  b a s a l t ,  v o l c a n i c  ash.was 

d r i  1 l e d  t o  310 ft ( 9 4  m) , b u t  c o r e  r e c o v e r y  was ve ry  spa rse  below 134 ft ( 4 1  

m )  due t o  t h e  s o f t  ash washing away. 

83 ft t o  146 ft (24  m - 44.5 m ) .  A t  146 f t  a new HQ s e t  b i t  was run  i n  t h e  

h o l e  and t h e  b i t  crown came o f f  b e f o r e  any a d d i t i o n a l  f o o t a g e  was d r i l l e d .  A 

new HQ impregna ted  b i t  was run  i n  t h e  h o l e  on August 28, and t h e  h o l e  d r i l l e d  

f rom 146 ft t o  254 ft (44.5 m - 7 ' . 4  m), a t  t h a t  p o i n t  c u t t i n g s  a c c u m u l a t i o n  

An HQ impregna ted  c o r e  b i t  was used f rom 

between t h e  c o r e  t u b e  and b i t  s t l i  .k t h e  c o r e  t u b e  i n  t h e  d r i l l  p i p e  r e q u i r i n g  

p u l l i n g  t h e  d r i l l  s t r i n g  o u t  o f  t h e  h o l e .  A 3.87 i n  t r i c o n e  b i t  (same 

d i a m e t e r  as HQ) was t h e n  r u n  i n  t h e  h o l e  t o  ream and d r i l l  down t o  310 ft ( 9 4  

rn), where a h a r d e r  r h y o l i t e  l a v a  f l o w  was e n c o u n t e r e d .  

b i t  was t h e n  used t o  c o r e  t o  364 f t  (111 m), a f t e r  wh ich  a s o f t e r  HQ 

A h a r d ,  HQ i m p r e g n a t e d  

impregna ted  b i t  was used because t h e  r o c k  was n o t  a b r a s i v e  enough t o  expose 

t h e  diamonds i n  t h e  h a r d e r  b i t .  

d r i l l i n g  f l u i d  was l o s t  i n  t h e  h o l e  t h r o u g h o u t  t h e  d r i l l i n g  d e s c r i b e d  so 

f a r .  On August 29, a t  a dep th  o f  445 ft (135.6 m ) ,  p e n e t r a t i o n  i n t o  b l u e  

c l a y ,  sandstone and v o l c a n i c  b r e c c i a  r e q u i r e  s w i t c h i n g  f r o m  t h e  impregna ted  

b i t  t o  a s t o n e - s e t  b i t .  A t  462 ft ( 1 4 1  m )  t h e  h a r d e r  rock  o f  a b a s a l t  d i k e  

r e q u i r e d  s w i t c h i n g  back io an impregna ted  b i t .  

b r o k e n  b a s a l t  t o  583 f t  (178  m) by August 31, t h e n  t h e  d r i l l  r ods  became 

Rod grease was used t o  c o n t r o l  c a v i n g  and a l l  

The ho12 was c o r e d  t h r o u g h  
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t i g h t ,  and  h u n g  u p  47 f t  o f f  b o t t o m .  While t ry ing  t o  f ree  the d r i l l  s t r i n g ,  

the rods broke o f f  a t  292 f t ,  leaving 220 f t  of  rods i n  the hole. Attempts t o  

en te r  t h e  broken o f f  HQ rods w i t h  the smaller NQ rods were unsuccessful a n d  

d r i l l i n g  c o u l d  no t  be continued in GH-1. The 1.5 i n  l i n e r  pipe was placed i n  

the  h o l e  t o  a depth of 492 ft  (150 m ) ,  a t  the bot tom of the l o s t  d r i l l  rods. 

Below the d r i l l  rods the hole had caved. 

GH-2 

GH-2, the s ix th  hole d r i l l e d ,  i s  located on the eas t  rim of Cricket 

Valley, a t  a n  e levat ion of a b o u t  1570 f t  (478 m ) ,  due north of the NASA 

s t a t i o n .  The hole took 26 days t o  d r i l l  t o  t o t a l  depth. 

The d r i l l  r ig  was moved o n t o  the GH-2 s i t e  during the afternoon o f  

October 17, 1983 a n d  was ready t o  s t a r t  d r i l l i n g  soon a f t e r  midnight, b u t  

water was n o t  del ivered unt i l  7 PM on October 18. This delay was pr imari ly  

due t o  problems preparing a new water t ranspor t  system. The access road was 

t o o  s teep a n d  rough f o r  the o l d  water truck t o  be used. After d i f f i c u l t i e s  

w i t h  caving i n  the upper part of the hole,  casing was se t  t o  180 f t  on October 

21. 

dr i  1 1  i ng of GH-2. 

Lost c i r cu la t ion  and  caving were recurr ing problems throughout the 

On October 23 caving and t i g h t  hole conditions combined t o  break 10 f t  o f  

d r i l l  rods o f f  a t  368 ft (112 m). Fishing out  the l o s t  d r i l l  rods and b i t  ( a  

t r i c o n e )  was attempted on October 2 4 ,  b u t  t h i s  e f f o r t  f a i l e d ,  so the hole was 

wedged t o  d r i l l  past the lo s t  rods, continuing with H Q  rods a f t e r  cementing. 

The sharpness of the def lec t ion  a t  the wedge caused subsequent problems with 

p u l l  i ng the core barrel  and  v i  brat ions during dr i  1 1  i n g .  

On November 2 ,  with the h o l e  a t  a depth o f  1163 f t  ( 3 5 4  m ) ,  the core tube 

became stuck i n  the core bar r re  . As the d r i l l  rods were being p u l l e d  t o  

recover t h e  core tube ,  the rods became stuck with 715 f t  of rods s t i l l  i n  the  
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h o l e .  A f t e r  c o n s i d e r a b l e  e f f o r t  and hammering t h e  rods were worked f r e e  on 

Novembe r 3. 

A t  a depth o f  1177 f t ,  t h e  HQ rods were s t u c k  aga in  on November 4. A t  

t h i s  p o i n t  t h e  d e c i s i o n  was made t o  reduce t o  NQ rods r a t h e r  t h a n  t r y i n g  t o  

f r e e  t h e  HQ rods. Three f e e t  below t h e  bot tom o f  t h e  HQ rods,  c i r c u l a t i o n  was 

l o s t  again.  GH-2 had reached a depth of 1750 f t  by November 11 and was s t o p -  

ped a t  t h a t  depth because t h e  d r i l l i n g  budget had been spent and a t e m p e r a t u r e  

check t h e  day b e f o r e  had i n d i c a t e d  a downhole t e m p e r a t u r e  of o n l y  104OF. 

The bo t tom 60 f t  of t h e  s t u c k  HQ rods were c u t  o f f  and t h e  r e s t  came f r e e  

and were recovered.  C u t t i n g  t h e  HQ rods,  r u n n i n g  t h e  1.5 i n  l i n e r  p i p e  and 

p u l l i n g  NQ and HQ rods o u t  o f  t h e  h o l e  t o o k  u n t i l  Saturday,  November 12. The 

move t o  t h e  n e x t  h o l e  c o u l d  n o t  be made u n t i l  Monday, so Sunday was a s tandby 

day. The d r i l l  r i g  was moved o f f  t h e  GH-2 s i t e  on November 14, 1983. I n  

a d d i t i o n  t o  g e t t i n g  t h e  d r i l l  s t r i n g  s t u c k ,  t h e  l a r g e  volume of d r i l l i n g  mud 

used added t o  t h e  h i g h  d r i l l i n g  c o s t .  

GH-3 

GH-3 i s  l o c a t e d  west o f  Booby H i l l ,  and n o r t h e a s t  o f  t h e  runway. It was 

s t a r t e d  on S e p t e m b e r  2 and c o m p l e t e d  on S e p t e m b e r  4 f o r  a t o t a l  d r i l l i n g  time 

o f  3 days. The h o l e  was p lanned t o  go t o  a depth o f  500 ft (152 m) , b u t  l o s s  

o f  t h e  b i t  and c o r e  b a r r e l  a t  a depth o f  206 ft (6.28 m) t e r m i n a t e d  d r i l l -  

i n g .  

very  s l o w l y  i n  t h e  ha rd  b a s a l t  f l o w s .  

f t  (3.7 m) and t h e  h o l e  was t r i c o n e d  t o  20 f t  ( 6  in), t h e n  co red  t o  54 f t  (16.5 

m). Because t h e  h o l e  was c a v i n g  a t  34 ft, i t  was reamed w i t h  a 5.25 i n  

t r i c o n e  t o  42 ft (13 m) and 40 ft (12  m) o f  c a s i n g  were se t .  

The h o l e  was s t a r t e d  w i t h  a 5.25 i n  m i l l - t o o t h  t r i c o n e  b i t ,  which c u t  

C i r c u l a t i o n  was l o s t  a t  a depth of 12 

The h o l e  was co red  w i t h  an impregnated diamond b i t  t h r o u g h  massive b a s a l t  

f l o w s  c e n t e r s  3 t o  34 ft (1-10 m) t h i c k  w i t h  3 t o  18 f t  (1-5.5 m) o f  f l o w  
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b r e c c i a  between f l o w s .  The f l o w  b r e c c i a  caved c o n t i n u o u s l y  and a f t e r  t h e  c o r e  

b a r r e l  t w i s t e d  o f f ,  caved rock covered it, p r e v e n t i n g  f i s h i n g  f o r  t h e  l o s t  

c o r e  b a r r e l  and b i t .  I n  l i g h t  o f  t h e  bad c a v i n g  c o n d i t i o n s  i n  t h e  h o l e ,  it 

was dec ided  n o t  t o  c o n t i n u e  t h e  h o l e  by wedging. L i n e r  p i p e  was s e t  t o  197 ft 

(60 m). 

GH-4 

GH-4 i s  l o c a t e d  a l o n g  t h e  Nor theas t  Bay Road, southwest o f  Bears Back. 

The h o l e  was s t a r t e d  on September 8 and completed on September 16 f o r  a d r i l l -  

i n g  t i m e  o f  9 days. GH-4 was d r i l l e d  t o  120 ft. (36.6 m )  t h r o u g h  ash d e p o s i t s  

i n  one 12 hour  s h i f t  u s i n g  a 5.25 i n  t r i c o n e .  Casing was s e t  t o  120 ft and 

cemented on September 9. A t h i c k e r  d r i l l i n g  f l u i d ,  u s i n g  more Zeogel and 

polymer t h a n  was used i n  G H - 1  and GH-3, was used i n  GH-4 t o  c o n t r o l  c a v i n g  and 

improve d r i  11 i ng. The t h i c k e r  d r i  11 i ng fl u i d  he1 ped , b u t  c a v i  ng f l o w  b r e c c i a  

was s t i l l  a problem. S t a r t i n g  w i t h  GH-4, we dec ided  t o  c o r e  competent forma- 

t i o n s  such as massive f l o w  c e n t e r s  and c o n s o l i d a t e d  ash, b u t  l o o s e  m a t e r i a l  

which caved was d r i l l e d  w i t h  a t r i c o n e  b i t .  Th is  r e q u i r e d  f r e q u e n t  t r i p s  i n  

and o u t  of t h e  h o l e  t o  change b i t s ,  however, a l o w e r  c o s t  per  f o o t  was a c h i e -  

ved. The b o t t o m  h o l e  t e m p e r a t u r e  was 96°F (35.5OC) on September 15, a t  a 

dep th  of 710 ft (216 m). Because t h e  t e m p e r a t u r e  was n o t  encourag ing  and t h e  

d r i l l i n g  c o s t s  were s t i l l  r u n n i n g  above budget goa ls ,  i t  was dec ided  t o  s t o p  

t h e  h o l e  t h e  n e x t  day, and move, r a t h e r  t h a n  d r i l l  t o  t h e  o r i g i n a l  t a r g e t  

depth of 1000 ft and w a i t  u n t i l  Monday t o  move. GH-4 was d r i l l e d  t o  723 ft 

and 1 .5  i n  l i n e r  was s e t  t o  712 ft (217 m), about 126 ft ( 3 8  m) below sea 

1 eve1 . 
GH-5 

GH-5, l o c a t e d  a l o n g  t h e  road t o  Two Boats,  between S i s t e r s  Peak and Lady 
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H i l l  , was s t a r t e d  on September 16, 1983. A t o t a l  o f  11 days was spent  d r i l l  - 
i n g .  On September 1 , c a s i n g  was s e t  t o  a depth o f  60 ft. The upper 1 7 1  f t  

o f  t h i s  h o l e  p e n e t r a t e d  a l t e r n a t i n g  ha rd  b a s a l t  f l o w s  and f l o w  b r e c c i a s .  

Below t h e  f l o w s ,  t h i c k  ash and c i n d e r  zones were d r i l l e d .  Caving, s h o r t  c o r e  

runs and no c i r c u l a t i o n  r e t u r n s  t h r o u g h o u t  t h e  h o l e  added t o  d r i l l i n g  t i m e  and 

problems. Severa l  t i m e s  t h e  d r i l l  rods became s t u c k  f o r  a s h o r t  t i m e  b e f o r e  

t h e y  c o u l d  be f r e e d ,  and a few t i m e s  t h e  c o r e  t u b e  was s t u c k  i n  t h e  c o r e  

b a r r e l  by f i n e s ,  r e q u i r i n g  t h e  p u l l i n g  o f  a l l  t h e  d r i l l  p i p e  o u t  o f  t h e  h o l e  

t o  f r e e  t h e  c o r e  tube .  Much o f  t h e  h o l e  between 171 f t  and 375 f t  deep was 

d r i l l e d  w i t h  a t r i c o n e  b i t  because t h e  rock  was t o o  broken t o  d r i l l  w i t h  a 

c o r e  b i t .  

A maximum-temperature thermometer was run down t h e  h o l e  a t  a depth o f  660 

ft ( 2 0 1  m) on September 23, and gave a r e a d i n g  o f  86OF ( 3 O O C ) .  These maximum 

r e a d i n g  thermometers were n o t  very  a c c u r a t e  and gave o n l y  a rough i n d i c a t i o n  

o f  down-hole tempera tu re .  A lso,  i t  shou ld  be no ted  t h a t  t h e  d r i l l i n g  f l u i d s  

used had a tempera tu re  of about 83OF be fo re  go ing  down t h e  ho le .  It appeared 

t h a t  t h e  h o l e  was c o l d ,  t h e  c o s t  was ove r  budget and t h e  c o n d i t i o n  of t h e  h o l e  

was poor.  There was a good p o s s i b i l i t y  of g e t t i n g  t h e  d r i l l  s t r i n g  s tuck .  It 

was t h e r e f o r e  dec ided  on F r i d a y ,  September 23, t o  a r range  f o r  moving t h e  d r i l l '  

r i g  on Monday, September 26, and t o  s t o p  t h e  h o l e  a t  whatever  depth was 

reached a t  t h a t  t ime ,  if no encourag ing  tempera tu res  were encountered by then .  

The h o l e  reached 892 ft (272 m) on September 25 and l i n e r  p i p e  was s e t  t o  

a depth o f  872 ft, 357 ft (109 m) below sea l e v e l  on September 26. 

GH-6 

The d r i l l  r i g  was moved o n t o  t h e  GH-6 s i t e  by t h e  D e v i l ' s  R i d i n g  School 

a l o n g  t h e  NASA road on September 26, 1983. D r i l l i n g  s t a r t e d  on t h e  27th and 

c o n t i n u e d  u n t i l  October 17  f o r  a t o t a l  o f  22 days. Su r face  c a s i n g  was s e t  t o  
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a depth o f  60 f t  (18 m) i n  a t r a c h y t e  f l o w .  D r i l l i n g  w i t h  a f r e s h  wa te r  + sea 

wa te r  mixed system was s t a r t e d  on t h i s  h o l e .  The mud, Q u i k  Gel and t h e  p o l y -  

mer (Pac-R o r  D r i s p a c )  were f i r s t  mixed i n  f r e s h  wa te r ,  which enables t h e  Q u i k  

Gel t o  expand. T h i s  t h i c k  mud was t h e n  mixed 1:2 w i t h  sea wa te r  f o r  d r i l l -  

i n g .  

t h e  r e s u l t i n g  mud reduced c a v i n g  and g e n e r a l l y  improved d r i  11 i n g .  Wh i le  t h e  

cement was s e t t i n g ,  l a r g e  mud t a n k s  were b u i l t  t o  f a c i l i t a t e  t h e  new mud 

T h i s  mud program reduced by one h a l f  t h e  consumption of t h e  polymer and 

program. 

On 28 September, t h e  HQ rods were s t u c k  a t  82 ft (25 m) i n  a c l a y  bed a t  

t h e  base o f  t h e  D e v i l ' s  R i d i n g  School t r a c h y t e  f l o w .  L a t e r  t h e  same day t h e  

d r i l l  rods were f r e e d  and a t o t a l  o f  138 f t  was d r i l l e d  t h a t  day w i t h  a 

t r i c o n e  b i t .  A t h i c k  ash u n i t  was d r i l l e d  d u r i n g  t h e  n e x t  few days and m i n o r  

c a v i  ng and ti g h t  h o l e  c o n d i t i o n s  e x i  s ted .  

By October  4 t h e  h o l e  had been d r i l l e d  t o  894 ft (272 m ) .  On hand 

d r i l l i n g  mud ran  o u t  a t  t h i s  t i m e ,  and d r i l l i n g  s topped w h i l e  a w a i t i n g  mud on 

t h e  p l a n e  due i n  t h e  n e x t  day. The p l a n e  a r r i v e d  l a t e  on t h e  even ing  of t h e  

October  7, and d r i l l i n g  resumed on t h e  October 8. When t h e  h o l e  reached 1053 

ft ( 3 2 1  m) on October 9 t h e  d r i l l  rods and t r i c o n e  b i t  became s t u c k  270 f t . o f f  

bot tom. L i n e r  p i p e  c o u l d  no t  be s e t  t o  bo t tom and t h e  h o l e  c o u l d  no t  be 

c o n t i n u e d  by r e d u c i n g  t o  s m a l l e r  NQ rods because o f  t h e  t r i c o n e  b i t .  It was 

t h e r e f o r e  dec ided  t o  c u t  t h e  HQ r o d  50 f t  above t h e  b i t  ( n o r m a l l y  rods a r e  

s t u c k  near t h e  b i t ) ,  wedge o f f  around t h e  s t u c k  rods and c o n t i n u e  t h e  h o l e .  

When t h e  rods were c u t ,  t h e  b i t  and 50 ft o f  d r i l l  rods f e l l  t o  t h e  bo t tom o f  

t h e  h o l e  and t h e  d r i l l  s t r i n g  was s t i l l  s t u c k  h i g h e r  i n  t h e  ho le .  A wedge was 

b u i l t  t o  d e v i a t e  t h e  h o l e  above t h e  b i t  and below t h e  s t u c k  rods,  c o n t i n u i n g  

t h e  h o l e  w i t h  s m a l l e r  NQ rods.  A f t e r  two cement j o b s ,  t h e  h o l e  was wedged o f f  

t h e  o r i g i n a l  h o l e  a t  945 ft (288 m) on October 12. A t empera tu re  o f  112°F was 
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measured a t  1007 f t  (44.8"C a t  307 m) on October 10 a i d i n g  i n  t h e  d e c i s i o n  t o  

c o n t i n u e  t h e  h o l  e. 

On October 14 t h e  NQ rods became s tuck  14 f t  o f f  bot tom, w i t h  t h e  h o l e  a t  

1136 ft. The d r i l l e r s  s t a r t  p u l l i n g  rods o u t  o f  t h e  h o l e  when t h e y  f e l t  i t  

get  t i g h t .  The n e x t  day on October 15, t h e  NQ rods were f r e e d  a f t e r  much 

e f f o r t .  The h o l e  was c o n s i d e r e d  dangerous a t  t h i s  p o i n t  and l o o s i n g  NQ rods 

c o u l d  p r e v e n t  t h e  d r i l l i n g  o f  t h e  deep C r i c k e t  V a l l e y  h o l e  (GH-2). However, 

because t h e  r i g  c o u l d  n o t  be moved o f f  s i t e  u n t i l  Monday, October 18, d r i l l i n g  

was resumed. The ash on which t h e  d r i l l  r i g  s a t  was u n s t a b l e ,  and a l l  t h e  

push ing  and p u l l i n g  on t h e  s tuck  d r i l l  rods had moved t h e  d r i l l  r i g .  T h i s  

added t o  d i  f f i  c u l  t i  es and r e q u i  r e d  re1 eve1 i ng and r e a l  i g n i  ng t h e  r i  g s e v e r a l  

t imes .  

GH-6 was completed a t  a depth o f  1294 ft (394.4 m) on October 16 and on 

t h e  n e x t  day l i n e r  was s e t  t o  1284 ft ( 3 9 1  m). 410 f t  o f  HQ rods were r e -  

t r i e v e d  f rom t h e  h o l e  by r e s i n i n g  a l l  j o i n t s  and back r o t a t i n g  t h e  d r i l l  rods 

s e v e r a l  t i m e s  t o  unscrew t h e  l o o s e  rods o f f  t h e  s tuck  rods.  However, 370 f t  

of  rods were l o s t  i n  t h e  ho le .  

LDTGH 

A f t e r  t h e  s i x  the rma l  g r a d i e n t  h o l e s  were completed, a l a r g e  d iamete r  

the rma l  g r a d i e n t  h o l e  (LDTGH) was d r i l l e d  i n  an a t tempt  t o  f i n d  a f r e s h - w a t e r  

l e n s  which c o u l d  be used f o r  c u l i n a r y  purposes. F resh -wa te r  l enses  have been 

s u c c e s s f u l l y  developed on many i s l a n d s ,  such as Guam (Abp lana lp ,  1945) and i n  

t h e  Car ibbean (Mather,  1975; Bugg and L l o y d ,  1976). However, most of t h e s e  

i s l a n d s  have much h i g h e r  r a i n f a l l  t h a n  Ascension, and i n  a d d i t i o n  have a l i m e -  

s t o n e  and sand compos i t i on .  The main c o n t r o l l i n g  f a c t o r  f o r  t h e  t h i c k n e s s  o f  

a f r e s h - w a t e r  l e n s ,  which i s  l a t e r a l  p e r m e a b i l i t y ,  i s  unknown on Ascension 

I s 1  and. 
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LDTGH 
SURFACE ELEVATION 570 FEET 

- S€A 
570f t . 

l/q" hole drilled to 185ft. 
4 days drilling time. 

casing set to 180' 
1 day setting casing and cementing 

60 cubic ft. concrete (1 : 1 sand to cement 1 
.. .. 8 f 0.' 
:'* .:e. 

0. ,:b .' 0 ,  ?o. :. .. !o 0: :i 

! O  poured around casing. 
calculated voluae needed was 58ft3 

. .. . .  

ole drilled to 623.5'(190mI 

6 '1; casing (6.135" IDIse t  to 619'(188.6a) 

46ft3 of concrete in annulus. concrete to top. cblculated 
.annulus voluae of 85.8 f t 3  above sand pack (445'1, 
concrete bridged. 

pi-- 3 Sand pack. 3.5ft? , 445 to 465 ft. depth 

Basalt cinders, 7ft3, 465 to 509ft.depth 

pack to 5 0 9 f t .  depth. 21 it. in annulus. 

Slotted liner, 80ft.(24.4mI. 539 - 619ft. 

(19011) bottom of large dioaeter hole. 

3.85" 

I !/; 
holo to 1115 ft. (340.1 
l iner  pipe set to TD 

Figure  2 .  Completion diagram of  LDTGH. 
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LDTGH was s t a r t e d  on November 14, a t  a s i t e  570 f t  (174 m)  above sea 

l e v e l ,  near t h e  c e n t e r  o f  t h e  i s l a n d ,  where a f r e s h  wa te r  l e n s  would 

presumably be t h i c k e s t  and f a v o r a b l e  a q u i f e r  rocks  were p r e s e n t .  The h o l e  was 

s t a r t e d  w i t h  a 12.25 i n  m i l l - t o o t h  b i t ,  and c i r c u l a t i o n  was m a i n t a i n e d  t o  a 

dep th  o f  118 ft (36 m). The l a r g e  h o l e  was d r i l l e d  t o  185 f t  (56  m) on 

November 18, and 180 f t  o f  9.62 i n  conduc to r  p i p e  was s e t .  A p l u g  was p l a c e d  

a t  t h e  bo t tom o f  t h e  conduc to r  p i p e  and h e l d  i n  p l a c e  w i t h  wa te r  p ressu re .  

Concrete ( l : l ,  cement t o  sand m i x )  was run  down t h e  o u t s i d e  o f  t h e  c a s i n g ,  

about  60 cu ft b e i n g  used t o  fill t h e  annulus.  

A f t e r  t h e  s u r f a c e  conduc to r  was s e t ,  d r i l l i n g  c o n t i n u e d  w i t h  an 8.75 i n  

b u t t o n  b i t .  Re tu rns  were l o s t  aga in  a t  219 f t ,  39 f t  (12 m) below t h e  

cas ing .  A t  a depth o f  323 ft ( 9 8  m) t h e  d r i l l  s t r i n g  was p u l l e d  because t h e  

s t a b i l i z e r s  were s t i c k i n g .  A t  t h i s  t i m e  100 empty mud bags, 2 f u l l  bags o f  

b e n t o n i t e  and a bag o f  co t tonseed  h u l l s  were pu t  i n  t h e  ho le .  

n o t  ob ta ined .  A t  a depth o f  391 ft (119 m) ove r  100 empty bags, 2 bags 

b e n t o n i t e  and t h e  l a s t  bag o f  co t tonseed  h u l l s  were p u t  i n  t h e  h o l e  w i t h o u t  

g a i n i n g  r e t u r n s .  

November 22, and t h e  n e x t  day 6.62 i n  c a s i n g  was s e t  t o  619 ft. 

f t  o f  c a s i n g  were s l o t t e d ,  and 21 cu f t  o f  q u a r t z i t e  g r a v e l  were washed down 

t h e  annulus fo rm ing  about 110 ft ( 2 3  m) o f  g r a v e l  pack around t h e  s l o t t e d  

l i n e r  ( F i g .  2). The g r a v e l  was f o l l o w e d  by 7 cu ft of c i n d e r s ,  t h e n  3.5 cu ft 

of sand t o  p r e v e n t  cement f rom e n t e r i n g  t h e  g r a v e l  pack. 

annulus up t o  a depth of about 445 f t  (136 m). 

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

c a l c u l a t e d  volume, t h e r e f o r e  t h e  c o n c r e t e  b r i d g e d  t h e  annulus and some gaps i n  

t h e  cement j o b  remain. 

C i r c u l a t i o n  was 

The l a r g e  d iamete r  h o l e  was completed t o  623.5 f t  (190 m)  on 

The bo t tom 80 

T h i s  f i l l e d  t h e  

F o r t y - s i x  c u b i c  f e e t  o f  

T h i s  i s  o n l y  2/3 o f  t h e  

On November 24 t o  25, t h e  h o l e  was a i r l i f t e d  by i n j e c t i n g  a i r  a t  t h e  
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bo t tom o f  t h e  h o l e  f o r  19 hours ,  p r o d u c i n g  3 t o  4 g a l l o n s  p e r  minute.  The 

a i r l i f t  system was t h e  l i m i t  on p r o d u c t i o n  r a t e .  The s a l i n i t y  i n c r e a s e d  from 

25,000 mg/l t o  27,000 mg/l NaCl i n  t h e  l a s t  f o u r  hours o f  t h e  a i r l i f t .  It was 

t h e r e f o r e  concluded t h a t  a u s a b l e  f r e s h  wa te r  l e n s  was n o t  p r e s e n t .  

A f t e r  c l e a n i n g  l o o s e  grave l  f rom t h e  bot tom o f  t h e  h o l e ,  PQ rods (4.5 i n  

d i a m e t e r )  were s e t  t o  t h e  bo t tom of t h e  l a r g e - d i a m e t e r  h o l e  t o  c o n t a i n  d r i l l -  

i n g  f l u i d s  and c u t t i n g s  and p r o v i d e  a gu ide  f o r  t h e  HQ rods. A s l i m  the rma l  

g r a d i e n t  h o l e  was then  d r i l l e d  o u t  t h e  bo t tom o f  LDTGH u s i n g  HQ rods.  The 

s l i m  h o l e  was d r i l l e d  t o  1115 ft (340 m) on Nov. 30, w t h o u t  ma jo r  d i f f i c u l -  

t i e s .  C i r c u l a t i o n  was l o s t  a t  635 ft, 12 f t  (3.7 m) below t h e  PQ rods and 

never  rega ined .  L i n e r  p i p e  (1.5 i n c h )  was s e t  t o  1115 ft (340 m) and wa te r  

was a i r l i f t e d  from 600 ft f o r  4 hours t o  c l e a n  d r i l l i n g  mud and c u t t i n g s  o u t  

of t h e  g r a v e l  pack and s l o t t e d  l i n e r .  C u t t i n g s  f rom g r i n d i n g  o u t  t h e  g r a v e l  

pack a t  t h e  bo t tom o f  t h e  h o l e  had b l o c k e d  t h e  s l o t s  and t h e  h o l e  would n o t  

produce a t  f i r s t .  I n  two minutes t ime ,  1000 ga l  o f  f r e s h  wa te r  was pumped 

down t h e  h o l e  t o  wash t h e s e  c u t t i n g s  o u t  and t h i n  t h e  d r i l l i n g  mud. The h o l e  

was t h e n  a i r l i f t e d .  The muddy wa te r  produced was f r e s h  a t  f i r s t ,  b u t  a f t e r  

23,000 mg/l a f t e r  2.5 hours o f  one hour  s a l i n i t y  was up t o  17,000 mg/l and was 

a i  r l  i ft.  

To a l l o w  f o r  p o s s i b l e  removal o f  t h e  l i n e r  

a w e l l  greased, l o o s e l y  a t t a c h e d  c o u p l i n g  was p 

p i p e  f r o m  t h e  6.62 i n  cas ing ,  

aced j u s t  below t h e  bo t tom o f  

t h e  l a r g e  d iamete r  ho le .  A l l  c o u p l i n g s  above t h i s  (upper  623 ft of t h e  h o l e )  

were screwed t i g h t  w i t h o u t  grease. I f  t h e  l i n e r  p i p e  i s  unscrewed f rom t h e  

t o p ,  it shou ld  d i s c o n n e c t  j u s t  below 623 ft (190 m) f o r  removal .  S lough ing  o f  

t h e  deep h o l e  and c u t t i n g s  s e t t l i n g  w i l l  p r e v e n t  t h e  e n t i r e  l e n g t h  of l i n e r  

p i p e  from b e i n g  removed a f t e r  t h e  h o l e  has s e t  f o r  a few months. 

21 



SUBSURFACE GE 0 L 0 G Y 

L i  t h o 1  o g i c  Logs 

Recovered c o r e  was logged on s i t e  as t h e  the rma l  g r a d i e n t  h o l e s  were 

d r i l l e d .  Core r e c o v e r y  was g e n e r a l l y  good, w i t h  90 p e r c e n t  o r  g r e a t e r  

r e c o v e r y  f o r  t h e  i n t e r v a l s  cored. I n  f l o w  b r e c c i a s  and ash u n i t s ,  c o r e  

r e c o v e r y  was much l e s s  b u t  a l a r g e  p a r t  o f  t h e  f l o w  b r e c c i a  and ash were 

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

s i g n i f i c a n t  l i t h o l o g i c  u n i t  as t h e  c o r e  was logged.  C o l l e c t e d  samples were 

sh ipped  back t o  t h e  U.S. f o r  p e t r o g r a p h i c  s tudy  and chemical  a n a l y s i s .  The 

b u l k  o f  t h e  c o r e  i s  s t o r e d  on Ascension I s l a n d  f o r  p o s s i b l e  f u t u r e  

r e f e r e n c e .  Genera l i zed  l o g s  were d r a f t e d  f rom t h e  f i e l d  l o g s  and a r e  

p r e s e n t e d  as F i g u r e s  3 t h r o u g h  9. 

R e p r e s e n t a t i v e  samples were t a k e n  f rom each 

, Thermal g r a d i e n t  h o l e s  , GH-3, GH-4 and GH-5, p e n e t r a t e d  m o s t l y  b a s a l t  

f l o w s  and a few b a s a l t i c  c i n d e r  zones. Each b a s a l t  f l o w  has a t o p  and basa l  

f l o w  b r e c c i a  around t h e  massive f l o w  c e n t e r .  The c o n t a c t  between massive f l o w  

and f l o w  b r e c c i a  i s  more s i g n i f i c a n t  f o r  d r i l l i n g  than  f l o w  u n i t s ,  and 

d i  f f e r e n t  b r e c c i  as a re  d i f f i c u l t  t o  d i  s t i  ngu i  sh because o f  t h e  low phenoc rys t  

c o n t e n t .  Massi ve f l o w s  were t h e r e f o r e  1 ogged s e p a r a t e l y  f rorn f l o w  b r e c c i  as , 

and a d j o i n i n g  b r e c c i a s  were grouped on t h e  g e n e r a l i z e d  l o g s .  C o r r e l a t i o n  of 

b a s a l t  f l o w s  between h o l e s  was n o t  p o s s i b l e  because o f  t h e  non-uniqueness of 

f l ows  and t h e  wide spac ing  of t h e  ho les .  

The h o l e s  d r i l l e d  on o r  near  t h e  t r a c h y t e  p l a t f o r m  o f  t h e  i s l a n d  (GH-1, 

GH-2, GH-6 and LDTGH) p e n e t r a t e d  m o s t l y  r h y o l i t e  l a v a  f lows,  t h i c k  t r a c h y t e  

p y r o c l a s t i c  u n i t s  and d a c i t i c  ash - f l ow  t u f f s .  S t r a t i g r a p h i c  c o r r e l a t i o n  o f  

t h e  M i d d l e t o n  r i d g e  r h y o l i t e  f l o w  and p y r o c l a s t i c  u n i t s  above and below it can 

be made between GH-1, GH-6 and LDGTH ( F i g .  10) .  However, t h e  p y r o c l a s t i c  

i n t e r v a l s  were d r i l l e d  m o s t l y  w i t h  t r i c o n e  b i t s ,  so l i t t l e  i n f o r m a t i o n  i s  
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No sample, probably pumice l a p i l l i  and ash.  

Basal t  f lows, massive t o  9 9 ' ,  
lower flow ves icu lar  99-118'. 

Mixed b a s a l t i c  ash and t rachyte  ash 
and pumice l a p i l l i .  

Rhyolite flow, probably Middleton Ridge flow, 
gray t o  pale green, f r a c t u r e s .  

Basal flow breccia 435-445'. 

Volcanic sandstone and breccia .  
Basal t  dike.  
Basa l t ic  ash,  c inders ,  blocks, 
vesi cul ar . 
Basal t  f lows, ves i cu la r ,  porphyr i t ic  
flow breccia  o r  scor ia  554-557'. 

Figure 3. Li thologic  log and a l t e r a t i o n  of G H 1 ,  
s i t e d  a t  McTurk's cu lve r t  and RAF base. 
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F i g u r e  4 .  L i  t ho1  o g i c  
r i m  o f  C r i c  

T r a c h y t e  b r e c c i a  and ash, v o l c a n i c  b r e c c i a ,  
m ixed  1 i t h o l o g i e s  o f  t r a c h y t e  and b a s a l t  
b l o c k s  w i t h  f i n e  t r a c h y t e  ash m a t r i x .  

B a s a l t  f low, 2% 3 mm p l a g .  c r y s t a l s ,  dk g r a y -  
b rn ,  30% 3-10 mm v e s i c l e s  i n  upper  2/3.  

Ash, t r a c h y t e  and basal  t i c ,  no r e c o v e r y ,  b u t  
t r i c o n e d  easy, t r a c h y i t i c  ash  exposed t o  t h e  
n o r t h  and b a s a l t i c  ash t o  t h e  s o u t h .  

O l i v i n e  b a s a l t ,  poss. l a v a  l a k e ,  phenoc rys ts  o f  
pyroxene, p l a g i o c l a s e ,  few xenol  i t h s  o f  d i o r i t i c  
r o c k  and v e s i c u l a r  b a s a l t .  L i g h t  g reen  t o  r e d -  
brown. V e s i c u l a r  zones and f r a c t u r i n g  p r e s e n t .  
T h i s  u n i t  forms most  o f  t h e  c l i f f s  a round  t h e  s o u t h  
s i d e  o f  C r i c k e t  V a l l e y .  T h i n  sec.  c o n t a i n s  l a b r a -  
d o r i t e ,  o l i v i n e  and pyroxene, Chem: 50.7% S i02 .  

2 '  t h i c k  baked zone under  b a s a l t ' s  base. 

Ash and c i n d e r s  a l t e r e d  t o  c l a y ,  r e d .  
B a s a l t  f low, v e s i c u l a r ,  5% p l a g i o c l a s e  c r y s t a l s .  

T r i c o n e d  w i t h o u t  r e c o v e r y ,  p r o b a b l y  f l o w  b r e c c i a  i n  
u p p e r  p a r t  w i ' t h  ash b e l o w .  

Upper c o n t a c t  o f  r h y o l  i t e  f l o w  l o s t  by t r i c o n i n g .  

R h y o l i t e  l a v a  f low,  g ray -g rn ,  f l o w  banded, p o r p h y r i t i c ,  
c o n t a i n s  1 i t h i c  i n c l  u s i o n s  , pumice base 696-702. 

P y r o c l a s t i c  sandstone g r a d i n g  t o  welded ash f l o w  
t u f f  below 7 5 8 ' .  V o l c a n i c  sand i s  p r o b a b l y  upper  non- 
welded zone, c l a y  a l t .  

P y r o c l a s t i c  ash and c i n d e r s ,  pumice l a p i l l i ,  b l a c k  
g r a d i n g  t o  g r a y  a t  802, d a c i t e  ash & pumice. 
Vo 1 ca no - c l  as t i c - py roc  1 as t i c s , r e d  - b r n  , compac t ion  
f e a t u r e s .  
Ash f l o w  t u f f ,  non-welded 853-870, welded below 
8 7 0 ' .  L i t h i c  r i c h  p y r o c l a s t i c  f l ow ,  few fiamme, 
1 i g h t  b r n i s h - g r a y .  

l o g  and a l t e r a t i o n  o f  GH2, s i t e d  o n  t h e  e a s t  
k e t  V a l l e y ,  near  t h e  NASA s t a t i o n .  
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A l t o r o  ,n 
6 2 CONTINUED 

gb w1 -917 Trachyte lava flow? gray, f low brec. , sheared. 

917- 961 Pyroc las t ics ,  c lay a l t .  , mottled co lors  of 
l i .  gray,  pinks,  yellows, brns, pebbles t o  blocks. 

961-1160 Dacite flow or dome, l i g h t  brnish-gray 
1% 1 mm f e ldspa r  phenocrysts, euhedral.  

Color grades t o  grayish-red then t o  
purpl ish-gray. 

1160-1164 Sandstone, coarse grain volcanic ,  c lay- r ich ,  
possibly a sand dike cu t t i ng  the d a c i t e .  

1164-1282 Dacite flow, massive, grayish-red,  
1% 1 mm f e ldspa r  c r y s t a l s .  Probably the same 
d a c i t e  as  961-1160. 

1282-1300 Basal t i c  ash & cinders  , sco r i a  , reddish-brn.  

1300m-i3~ Basal t ic  d i k e ( ? ) ,  red,  no v e s i c l e s ,  non-porphy. 
oss i  bly andes i te .  

1310-1354 a s a l t  f lows, black, ves icu lar .  
1354-1366 Basal t flow breccia , sco r i a .  
1366-1387 Andesite dikes, flow banded, c l ay  seam a t  1374. 
1387-1398 Basal t ic  flow brecc ia ,  s co r i a .  

m7-1414 Basa t flow, ves i c l e s ,  flow yeccia.  
~34-1461 Andesite d ike ,  f i n e  g ra in ,  dk  gray,  flow banded. 

Lower c o n t a c t  i n t r u d e s  a s h .  
1461-1558 Basal t ic  ash and l a p i l l i  , red-brn,  c lay  matr ix .  

Same u n i t  a s  1414-1434. Possibly pyroc las t ic  flow 
o r  l a h a r ,  very co lor fu l  reds, black, pinks,  brown. 
A few t rachyte  c l a s t s  present .  

1558-1588 Basal t  flow, 5% la rge  i r r e g u l a r  ves i c l e s .  
Sparse mafic x l s .  Flow breccia top & bottom. 

588-1623 Basal t ic  ash o r  l aha r  a s  above (1461-1558). 
Mu1 t i -co lored  l a p i l l  i t o  sand i n  red-brn matrix.  

l(Q3-1750 Rhyolite flow o r  dome, 5% 1 mm f e ldspa r s ,  grayish- 
red, s t rong  l imonite-hematite on abundant f r a c t u r e s ,  
a l s o  s t rong hem. s t a i n  spread through rock. Clay 
and sand th i ck  in f r a c t u r e s .  

1400 1398-1407 Andesite d ike ,  flow banded v e r t i c a l l y .  

1414-1434 Basa 1 t i c  ash,  red-brn, l a p i l  7 1 .  

I 

T.D. 1750k 
-18oFt . I f f .  

Figure 4 (cont inued) .  Lithologic log of G H 2 .  
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ELEVAT IO N 
2 12 f t .  

I 

-Sea 
63 m. 
6 ft. .lev. 

0 - 18 F ow brecc ia ,  ves icu lar  basa l t .  
18-18 8 34-45 Basal t f 1 ow , dense centers .  
28 - 34 Flow brecc ia ,  ves i cu la r  basa l t  s co r i a .  
45 - 63 Flow breccia ,  ves icu lar  b a s a l t ,  s c o r i a .  
63 - 78 Basal t  flow, dense flow center .  

92 - 1- Basalt  f low cen te r ,  ves icu lar .  
106-124 Flow breccia and t h i n  s o l i d  zones. 
124-158 Basalt  flow, sol i d ,  ves i cu la r .  
158-170 Flow brecc ia ,  s co r i a .  
170-194 Basalt  flow, s o l i d ,  ves icu lar .  
194-202 Flow brecc ia ,  s co r i a .  
202-206 Basalt  flow, sco r i a .  

Figure 5. Lithologic l o g  of  GH3, s i t e d  north of 
Booby Hill  i n  the Sou th  African dump. No 
a l t e r a t i o n  was present  i n  the core.  
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177-258' 
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369 - 431 ' 

431 - 443' 
443-471' 

471 -481' 

481 - 567' 

567- 584' 

584 -688' 

688-723' 

Al luv ium,  f i n e  sand and s i l t .  

Basal t i c  c i n d e r s ,  ash  few b o u l d e r s .  
2 '  t r a c h y t e  ash  a t  t o p .  
T r a c h y t e  ash, l i g h t  g r a y  w i t h  pumice, 
a1 so basal  t i c  ash  c a v i n g  . 
B a s a l t i c  ash, and poss. l a h a r s .  

B a s a l t  f l o w ,  non-porph. , v e s i c u l a r .  
Flow b r e c c i a ,  b a s a l t i c ,  s c o r i a ,  r u s t  r e d ,  
0.5-5 i n c h  c l a s t s .  

B a s a l t  f l o w ,  b lack ,  non-porph.  , few 
v e s i c l e s ,  s c o r i a  a u t o l i t h s .  M ino r  b l k  
c o a t i n g  on  j o i n t s .  Honey c o l o r e d ,  s o f t  
zeo l  i t e ?  

B a s a l t  f l o w s  and f l o w  b r e c c i a s  i n te rbedded ,  
v e s i c u l a r ,  some r e d  c l a y .  A1 t e r a t i o n  c l a y s  
i n  f a u l t  b r e c c i a .  
w h i t e  o r  c o l o r l e s s ,  smal l  round  g rowths .  
V e s i c u l a r  t o  dense f l o w  c e n t e r s .  

A r a g o n i t e  c r y s t a l s  a r e  

B a s a l t  f l o w ,  - 40% v e s i c l e s ,  r e d d i s h - g r a y  
t o  med. g ray .  P o s s i b l y  an a n d e s i t e  f l o w ?  

Fused b r e c c i a ,  few v e s i c l  es. 
Dike,  basal  t i c ,  b lack ,  n o n - v e s i c u l a r ,  non- 
D o r p h y r i t i c ,  v e r y  f i n e  r a i n .  
C inders  and ash, basal  t ? c ,  sco r ia ,  

B a s a l t  f l o w s  ( 2 ) ,  dk  g ray ,  few v e s i c l e s ,  f l o w  
l i n e a t i o n s  near  p a r a l l e l  t o  c o r e .  L i g h t  b l u e -  
g r a y  c o a t i n g  on  f r a c t u r e s ,  p r o b a b l e  c l a y  
a1 t e r a t i o n .  
Ash, b a s a l t i c ,  m o s t l y  a l t .  t o  r e d  c l a y .  Core 
d r y  a t  5 7 2 ,  no f o r m a t i o n  water .  
B a s a l t ,  b lack ,  f i n e  g r a i n ,  non-porph. g r a y i s h -  
r e d  w i t h  a few l a r g e  v e s i c l e s  near  upper  c o n t a c t ,  
10 '  i n t o  f l o w  t h e  c o l o r  i s  dk g r a y  w i t h  c r y s t a l  
g r a i n  s i z e  i n c r e a s i n g  t o  coa rse  a p h a n i t i c .  La rge  
a r a g o n i t e  c r y s t a l s  p r e s e n t  i n  v e s i c l e s  and on 
j o i n t s  t h r o u g h o u t  u n i t ,  h o r i z o n t a l  f l o w  1 i n e s  
and normal f l o w  base. 
B a s a l t i c  ash, c i n d e r s  and sand w i t h  r e d  c l a y  
a1 t e r a t i o n .  T h i s  u n i t  i n c l u d e s  1 ahars  w i t h  T.D. 723' 

- 137'eIev. cobb les  and l i g h t  g r a y  r h o l i t i c  zones, and 
a1 1 u v i a l  m a t e r i a l  , med. redd ish -b rown .  

F i g u r e  6.  L i t h o l o g i c  l o g  and a l t e r a t i o n  o f  GH4, s i t e d  near  B e a r ' s  Back. 
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ELEVATION 
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0 - 171 

171 -285 

285 - 292 

292 - 375 

375 -452 

452 - 476 
476 - 488 

488 - 548 

548 - 765 

765 - 792 

792 - 886 

886- 892 

GW6 
Basalt  flows and interbedded flow breccias  and ash 
beds. Basal t  flows a r e  dark gray,  ves i cu la r ,  non- 
porphyr i t ic ,  with upper and lower scor ia  grading 
i n t o  flow brecc ias .  Basa l t ic  ash zones a r e  dark 
reddish gray with minor a l t .  t o  red c l ay .  

A s h ,  c inders ,  scor ia  w i t h  a few "hard" spots. 
This in te rva l  was t r iconed without r e tu rns .  Some 
t rachyte  ash may be present .  

Basalt  flow, dark gray, non-porphyrit ic.  
Flow breccia and ash ,  t r iconed from 296-375, with 
no returns. 

Basal t  flows w i t h  flow breccia separa t ions .  Flows 
a r e  dark gray t o  black, 20% porphyr i t ic  with 
plagioclase pheno. t o  6 mm. Pyroxene 3 t o  6 mm and 
3 mm o l i v i n e  c r y s t a l s  p a r t l y  a l t e r e d .  Dense flow centers.  
F l o w  breccia and ash grading t o  volcanic sandstone. 
Alluvium, Ss, ash ,  g rave l ,  t rachyte  pumice. 
Flow brecc ia ,  b a s a l t i c ,  black s c o r i a ,  sparse ly  por- 
p h y r i t i c ,  few d k .  o l i v e  t o  grn  s t r eaks .  Tricone sof t  
breccia or ash from 492 t o  548 ' .  

Basalt  d i k e ,  dark gray, 5% 6 mm plag. phenocrysts,  
high angle flow l i n e s ,  few f r a c t .  Minor hem. on f r ac -  
tures and t r a c e  hem. s t a i n  through rock. Grain s i z e  
remains very f i n e  aphani t ic  throughout. Color grades t o  
grni sh-bl k o r  dk-g rn i  sh-gray bel ow 600' . 
Green c l a y ( ? )  f i l l i n g  flow f r a c t u r e s  a t  732 ' ,  med. 
bluish-gray below 740' .  
760' - a l t e r a t i o n  increases ,  dark grnish gray. 

Welded l i t h i c  ash  flow t u f f ,  w i t h  3 t o  8 cm col lapsed ,  
pumice, black, very l i t h i c  r i ch  with a n d e s i t e ( ? )  c l a s t s .  
Yellowish-brn a l t .  matr ix ,  w i t h  pumice not evident  in some 
t a l a r  or volcanic rubble ,  unsorted, reddish b r n .  matrix 
of c lay  a l t .  ash.  Clasts  a r e  ash t o  block s i z e ,  aphan i t i c  
b a s a l t i c  and a n d e s i t e ( ? )  Tricone below 801 thru s o f t  
1 a har-as h type rock . 
Basalt  flow, f i n e  g ra in ,  f r e s h ,  nonporphyrit ic,  dark gray. 

o es. 

Figure 7 .  Li thologic  log and a l t e r a t i o n  of GH5, si ted along Old Mountain 
Road. 28 



GM6 
E L E V A T  ION 

0 - 7  
7 - 80 

+ + +  
+ + +  

+ + +  
+ + +  

+ + +  

+ + +  

+ + +  

Basal t i c  ash  and c i n d e r s ,  b lack ,  v e s i c u l a r .  
T r a c h y t e  Flow, med-gray, non p o r p h y r i t i c ,  
I n c r e a s i n g  a u t o - b r e c c i a  near  base. 
D e v i l  ' s  R i d i n g  School t r a c h y t e  f l o w .  

80 - 382 

382 -482 

15011- 

-Sea Level 

200. - 

250n- 
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CI 

cl 

cl 

d 
Cl 

cl 

cl 

Cl 

d 

Cl 

482 - 840 

T r a c h y t e  pumice l a p i l l  i , gray ,  orange-ye1 . 
baked zone i n  upper  1 0 ' .  
poss. T r a n s i t i o n  t o  basal  t i c  ash, c i n d e r s  
and /o r  l a h a r  and a l l u v i u m .  

T h i s  u n i t  t r i c o n e d  w i t h  no r e t u r n s  
b u t  i t  i s  exposed 1000 f e e t  (305 m) t o  
t h e  south .  

Below - 280 

R h y o l i t e  Flow o f  M i d d l e t o n  Ridge, 
med.-gray.  - 5% f e l d s p a r  pheno., 1-2mrn, 
i r r e g u l a r ,  1 i g h t - g r a y  m i n e r a l  t r a c e s  a l o n g  
f l o w  1 i n e s .  Hemat i t e  spread a l o n g  f l o w  1 i n e s  
and heavy on  f r a c t u r e s ,  41O'-poss.  f a u l t ,  
w i t h  cha lcedony on  s u r f a c e .  

Ash and c i n d e r s ?  
t r i c o n e ,  no re turns .  

" S o f t  d r i l l i n g "  w i t h  

T r i cone ,  no r e t u  

Much o f  t h i s  may 
p i n k  t o  o range c 

a s .  

be a l t e r e d  rock ,  
a y  s t u c k  t o  b i t .  

F i g u r e  8 .  L i t h o l o g i c  l o g  and a l t e r a t i o n  o f  G H 6 ,  D e v i l ' s  R i d i n g  School. 
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w 6 CONTINUED 

TD 

meton 

AI t orat~on 840 - 876 

876 - ? 

TD - 12 94 
-674 ft. .In. 

Basal t ,  porphyri t ic ,  10% 1-3mm plag. 
dark gray, c a l c i t e  cemented f r a c t u r e s ,  
hematite s t a ined ,  non-vesicular, pyrox. & ol iv ine .  

Basal t i c  Breccia, Base o f  th i s  u n i t  
not k n o w n  due t o  t r iconing  and no r e tu rns .  
894-945’ Triconed w i t h  no r e tu rns .  

Dacite, porphyri t ic  2% 3mm fe ldsp .  x l s . ,  plag. 
brown-gray, t o  grayish-red purple w i t h  flow 
breccia below 959. 
Dacite flow, 2% porphyr i t ic ,  2mm fe ldsp .  
flow breccia & sco r i a ,  c l ay  a1 t e r a t i o n .  
Pyroc las i t ic  or Lahar ( ? )  flow, l i t h i c  r ich ,  
rayish-red b r n .  w/yel l o w - p k  zones 

jasa l  t i c  ash,  reddish-brn, c l ay  a1 t .  
Basalt  flow, abund. 2mm ves i c l e s ,  
flow breccia zones, c h l o r i t e  on s l icken  s i d e s .  

Basal t i c  Dike, In t rus ive  upper contac t ,  
med. gray, f a u l t  breccia & a l t .  pyrox. 
-2% lmm c r y s t a l s  of  p l a g .  & a l t .  mafics. 
Dense, t i g h t  f r ac tu re s  f i l l e d  w i t h  c h l o r i t e  & CaC03 
Basal t ic  c inders ,  d k  r e d d i s h - b r n ,  s co r i a ,  
c l ay  matrix,  Dk grnish-yellow palagoni te .  
Dike ( ? )  basal t i c ,  non-vesicular, non-porphyritic 
Basal t ic  c inders ,  med. b r n ,  scor ia  
Basalt  Dike (flow?) non-vesicular, non-porph. 
Basalt  Flows, ves icu lar ,  2% a l t .  plag. red-brn. 
i a s a ? t i c  el 1 w,cl woi ’$recc ia  , sco r i a ,  red p i n k  

Figure 8 (cont inued) .  Lithologic l o g  a n d  a l t e r a t i o n  o f  GH6 
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Trachyte pumice l a p i l l i  and ash 
Fused Pyroclast ic  flow breccia 

Ash, t rachyte  pumice, gray 

Rhyolite Flow of  Middleton Ridge? 
med-gray t o  med. dk-gray, f i ne  g ra in ,  
fresh rock peppered w i t h  mafics.  

A s h ?  sof t  rock, no samples recovered. 
Hard rock, possible  basa l t  flow. 
Caving zone below flow. 
Triconed w i t h  no recovery, 
general ly  sof t  rock b u t  unknown. 

Trachyte Flow, flow banded w i t h  yellowish- 
gray to  b r n .  -gray. 
-5% 1 - 2 m m  fe ldspar  c rys ta l  s . 
Volcanic Breccia and Pyroclast ics  , 
Rhyolit ic b u t  w i t h  mixed co lors ,  
l a p i l l i  t o  block s i ze  fragments 
w i t h  coarse  t o  med grained ash matrix 
and some cm s i ze  c a v i t i e s .  
Mu1 t i - h u e d  yellow, gray, brnish gray. 
Secondary black psilomelane or manganite 
coating and cementing breccia a t  678-694'. 

Figure 9. Lithologic log and a l t e r a t i o n  o f  LDTG,  s i t e d  west o f  Midd le ton  
Ridge between G H 1  and GH6. 
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W m -  kdF- T. D. 11 15 f t . 
340 m. 

-542 0l.v. 

Volcanic Br i a  and Pyroc las t ics ,  
Rhyolit ic blocks to  l a p i l l i  w i t h  
course t o  med. ash matr ix .  
CM. s i z e  c a v i t i e s ,  multi-colored. 

Basalt  Flows w i t h  ves icu lar  f l o w  
breccias and dense flow centers  
white to  l i g h t  p k .  or g r n .  c l ay  a l t .  ash ( ? )  
f i l l s  f r ac tu re s  and f l o w  breccia of  basa l t  down 
t o  - 970', upward f low structures i n  ash.  
Minor basal t i c  ash between flows 1015-1033' 
Ash and Pumice 1 api l  1 i , rhyol i t i c  , 
pale  grn, yellow, pinks & brn-gray l a p i l l i .  
Basalt  Flow Breccia and Flows, 
black, non-porph., small smm i r r egu la r  
ves i c l e s ,  dark brown c l ay  i n f i l l i n g ,  
Densely f rac tured  rock w i t h  open spaces. 

Figure 9 (cont inued) .  Lithologic Log and Al te ra t ion  of LDTG. 
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a v a  l a b l e  f rom t h e s e  u n i t s .  A l l  t h r e e  o f  t hese  h o l e s  bottomed i n  b a s a l t i c  

rocks .  LDTGH and GH-6 encountered t h e  u n d e r l y i n g  b a s a l t  a t  about t h e  same 

l e v e l ,  375 and 391 ft (114 and 119 m) below sea l e v e l ,  r e s p e c t i v e l y .  GH-1  

e n t e r e d  b a s a l t i c  r o c k s  a t  106 f t  ( 3 2  m) above sea l e v e l ,  j u s t  below t h e  

r h y o l i t e  f l o w .  The e q u i v a l e n t  u n i t  below t h e  r h y o l i t e  f l o w  i n  t h e  two o t h e r  

h o l e s  was t r i c o n e d ,  however, and GH-1 d i d  n o t  go t o  t h e  depth o f  t h e  o t h e r  

h o l e s ,  so i t  i s  no t  known how t h e  s t r a t i g r a p h y  below t h e  r h y o l i t e  f l o w  i n  GH-1 

compares t o  GH-6 and LDTGH. 

C o r r e l a t i o n  o f  Subsurface-Surface Geology 

Three rock  u n i t s  i n  t h e  upper p a r t  o f  GH-6, LDTGH and GH-1 can be 

c o r r e l a t e d  among h o l e s  and a r e  exposed t o  t h e  eas t  on M i d d l e t o n  r i d g e .  The 

t o p s  o f  t h e s e  u n i t s  c o n s i s t  o f  about 90 m (300 f t )  o f  t r a c h y t i c  p y r o c l a s t i c .  

The p y r o c l a s t i c s  ( t p )  f o rm t h e  t o p  o f  M i d d l e t o n  r i d g e  where weakly welded 

t u f f - b r e c c i a  f l o w s  and a i r f a l l  pumice l a p i l l i  beds are  exposed. A t  t h e  west 

f o o t  o f  t h e  r i d g e ,  between LDTGH and GH-6, t h e  p y r o c l a s t i c s  c o n s i s t  m o s t l y  o f  

pumice l a p i l l i  w i t h  a fused  b r e c c i a  f l o w  i n c l u d e d .  I n  t h e  d r i l l  h o l e s ,  much 

of t h e  p y r o c l a s t i c  u n i t  was t r i c o n e d ,  so da ta  a r e  l i m i t e d .  A b a s a l t  f l o w  i s  

p r e s e n t  w i t h i n  t h i s  u n i t  i n  GH-1. A r h y o l i t e  f l o w  100 t o  135 f t  (30 t o  41  m) 

t h i c k  u n d e r l i e s  t h e  t h i c k  p y r o c l a s t i c  u n i t  ( F i g .  10) .  The t h i n n i n g  o f  t h e  

r h y o l i t e  f l o w  t o  t h e  south i s  u n c e r t a i n  because t h e  upper c o n t a c t s  i n  GH-6 and 

LDTGH were d r i l l e d  w i t h  a t r i c o n e  b i t  b e f o r e  c o r i n g  resumed. Th is  r h y o l i t e  

f l o w ,  rf, forms t h e  west base o f  M i d d l e t o n  r i d g e .  A v o l c a n i c  b r e c c i a ,  bx, and 

a t r a c h y t e  f l o w ,  t f, a r e  exposed between t h e  r h y o l i t e  l a v a  f l o w  and t h e  

o v e r l y i n g  p y r o c l a s t i c  u n i t  on M i d d l e t o n  r i d g e .  The b r e c c i a  and t r a c h y t e  f l o w  

were n o t  found i n  t h e  subsur face,  p r o b a b l y  because t h e y  p i n c h  o u t  t o  t h e  west ,  

and t h e  v o l c a n i c  b r e c c i a  may have been missed when t r i c o n e  d r i l l i n g .  The 

33 



18'Bend 
i n  Sectlon 

D' D 

750 

500 

250 - 
w 
W 

o w  t 

Ld 
P I 

-250 

-500 

G E O L O G I C  U N I T S  -750 

0 1  - alluvium 

bc - bosaltic cinder cones 

bo - basaltic ash  
bf - bosolt flows 

b i  - bosolt dike 

ash - mixed bosaltic and trochyte ash 

tp - trochyte pyrorlastics. includes welded flows 

t f  - trachyte lovo flow's 

r f  - rhyolite l a w  flow 

df - docite lovo flow 

Figure 10. Cross sect ion D-D'  t h r o u g h  holes GH5, GH6, and LDTGH,  central  p a r t  o f  
the i s land .  



t h i r d  u n i t  which can be c o r r e l a t e d  among h o l e s  i s  a t h i c k  ash u n i t  under t h e  

r h y o l i t e  f l o w .  The ash v a r i e s  f rom 360 ft (110 m)  t h i c k  i n  GH-6 and LDTGH t o  

86 f t  (26 m) i n  GH-1. The u n i t  c o n s i s t s  o f  v o l c a n i c  sandstone, b r e c c i a ,  
I 

b a s a l t i c  ash and c i n d e r s  i n  GH-1. A t  l e a s t  some t r a c h y t i c  ash i s  p r e s e n t  i n  

t h e  t h i c k e r  occu r rence  i n  GH-6 where p i n k  c l a y - a l t e r e d  ash came up w i t h  t h e  

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

occu rs  2000 f t  (600 m) n o r t h e a s t  o f  GH-6. The ash u n i t  was t r i c o n e  d r i l l e d  

w i t h o u t  r e t u r n s  i n  GH-6 and LDTGH. 

A t e n t a t i v e  c o r r e l a t i o n  was made between a t h i c k  d a c i t i c  t o  r h y o l i t i c  

p y r o c l a s t i c  u n i t  p e n e t r a t e d  f rom 702 t o  961 f t  (214  t o  293 m) i n  GH-2 ( F i g .  4 )  

and a s i m i l a r  p y r o c l a s t i c  u n i t  ( t p )  exposed 1 m i  (1.6 km) n o r t h w e s t  of C r i c k e t  

V a l l e y .  Welded p y r o c l a s t i c  f l o w s  o f  d a c i t i c  t o  r h y o l i t i c  c o m p o s i t i o n ,  

c o n t a i n i n g  about 3 pe rcen t  c r y s t a l s ,  60 t o  80 p e r c e n t  l a p i l l i  t o  b l o c k  s i z e  

pumice and t h e  remainder  ash and l i t h i c  f ragments,  a r e  p r e s e n t  i n  t h e  

p y r o c l a s t i c  u n i t  i n  b o t h  GH-2 and ou tc rop .  

i s  10 t o  20 ft ( 3  t o  6 m) t h i c k .  Non-welded p y r o c l a t i c s  ( t p )  a r e  p r e s e n t  

above and below t h e  welded u n i t .  A t h i c k  l a v a  f l o w  ( d f )  u n d e r l i e s  t h e  d a c i t i c  

I 

I n  o u t c r o p ,  t h e  welded u n i t  ( p f )  

p y r o c l a s t i c s  i n  b o t h  o u t c r o p  and GH-2. The d a c i t e  f l o w  i s  321 ft ( 9 8  m) t h i c k  

i n  GH-2 and ove r  250 f t  (76 m) t h i c k ,  w i t h  base n o t  exposed, i n  ou tc rop .  

Using t h e s e  c o r r e l a t i o n s ,  c r o s s  s e c t i o n  E - E '  was drawn (F ig .  l l ) ,  and o f f s e t  

between o u t c r o p  and GH-2 was c a l c u l a t e d  t o  be 800 t o  1100 ft (250 t o  340 m) 

apparent  o f f s e t  i n c r e a s i n g  w i t h  depth.  

The C r i c k e t  V a l l e y  area i s  one of t h e  more g e o l o g i c a l l y  complex on t h e  

i s 1  and. However, t h e r e  i s  a c o n s i d e r a b l e  amount of t o p o g r a p h i c  r e 1  i e f ,  wh ich  

has enabled some amount o f  c o r r e l a t i o n  between t h e  u n i t s  mapped on t h e  s u r f a c e  

and t h o s e  seen i n  GH-2. The 348 ft (106 m) t h i c k ,  massive,  o l i v i n e  b a s a l t  

p e n e t r a t e d  i n  t h e  upper p a r t  o f  GH-2 forms t h e  c l i f f s  on t h e  south s i d e  o f  

l 
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I 

C r i c k e t  Va l l ey .  The f l ow  i s  e x c e p t i o n a l l y  t h i c k  f o r  a b a s a l t  and t h e  e x t e n t  

of exposure around C r i c k e t  V a l l e y  i n d i c a t e s  it i s  n o t  a d i k e  o r  v o l c a n i c  

neck. The t h i c k  b a s a l t  seems t o  be a l a v a  l a k e  ponded i n s i d e  a c l o s e d  bas in .  

Data f rom g e o l o g i c  mapping and t h e  GH-2 l i t h o l o g i c  l o g  (F ig .  4)  suggest  

t h a t  t h e  e r u p t i o n  o f  t h e  t h i c k  p y r o c l a s t i c  u n i t  d i scussed  above was f o l l o w e d  

by subsidence o f  a smal l  c a l d e r a .  The c a l d e r a ,  h e r e i n  named t h e  Weather Post 

c a l d e r a ,  was t h e  source o f  a l a r g e  volume of d a c i t i c  t o  r h y o l i t i c  p y r o c l a s t i c s  

and l a v a  f l o w s  and encompasses t h e  area  f rom The Peak and t h e  NASA s i t e  t o  

n o r t h  o f  D e v i l s  Cauldron ( F i g .  1). The n o r t h  r i m  o f  t h e  c a l d e r a  can be t r a c e d  

from S p i r e  Rock t o  Nor theas t  Cot tage.  Approx ima te l y  1000 ft (300 m) southwest  

o f  S p i r e  Rock, t h e  c a l d e r a  r i m  i s  c h a r a c t e r i z e d  by t r a c h y t e  f lows and domes on 

t h e  south  ( i n t e r i o r )  s i d e  w i t h  p y r o c l a s t i c s  and b a s a l t  f lows t o  t h e  n o r t h .  

S lumping has obscured t h e  r i m  a t  t h i s  l o c a t i o n .  Nor th  of D e v i l ' s  Cauldron,  

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

c a l d e r a  r i m ,  1500 f t  (500 m) n o r t h  o f  t h e  D e v i l ' s  Cauldron,  t h e  d i p  o f  t h e  

p y r o c l a s t i c  d e p o s i t s  i s  sou th  i n t o  t h e  vent  area. The same d i p  r e v e r s a l  i s  

exposed i n  t h e  canyon west o f  t h e  D e v i l  ' s  Cauldron.  D ikes  a l o n g  t h e  r i n g  

f r a c t u r e  a re  exposed 400 ft ( 1 2 2  m) sou th  of t h e  d i p  r e v e r s a l  i n  t h i s  

canyon. 

h o r i z o n t a l  C r i c k e t  V a l l e y  p y r o c l a s t i c s  and a v o l c a n i c  b r e c c i a  fo rm t h e  

i n t  r a c a l  dera  depos i t s .  

exposed where it t r u n c a t e s  a r h y o l i t e  f l o w .  

b r e c c i  a, we1 ded t u f f  - b r e c c i  a f l o w s  and a i  r f a l  

n o r t h ,  down t h e  f l a n k  o f  t h e  ca lde ra .  To t h e  

South of t h e  

South of t h e  d i kes ,  a f l a t - l y i n g  b a s a l t  f l o w  and t h e  n e a r l y  

J u s t  n o r t h  o f  Nor theas t  Cot tage,  t h e  r i n g  f r a c t u r e  i s  

o t h e  no r thwes t ,  v o l c a n i c  

pumice l a p i l l i  d i p  15' t o  t h e  

sou theas t  o f  Nor theas t  Cot tage,  

s A s h p i t  p o s t d a t e  and cover  t h e  b a s a l t i c  ash of Green Mountain, and t h e  D e v i l  

Weather Post c a l d e r a  r i m .  

C r i c k e t  V a l l e y  i s  a s m a l l e r  and much younger  subsidence o r  e x p l o s i o n  
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f e a t u r e  w i t h i n  t h e  Weather Post ca lde ra .  The ack o f  c o n c e n t r i c  f a u l t s  o r  

s lumping  i n t o  C r i c k e t  V a l l e y  suggest t h a t  i t  may be an e x p l o s i o n  c r a t e r  r a t h e r  

than  h a v i n g  been formed by subsidence as shown i n  F i g u r e  11. Al though  seve ra l  

e x p l o s i v e  b r e c c i a s  a r e  exposed around C r i c k e t  V a l l e y ,  i t  i s  d i f f i c u l t  t o  

% c o r r e l a t e  t h e  b r e c c i a s  w i t h  f o r m a t i o n  o f  C r i c k e t  V a l l e y .  

A younger  and l a r g e r  c a l d e r a ,  which we have c a l l e d  t h e  Boatswain B i r d  

c a l d e r a  (F ig .  l ) ,  may be p resen t  on t h e  f a r  e a s t e r n  s i d e  o f  t h e  i s l a n d .  

Subsidence on a l a r g e  s c a l e  has formed t h e  1000 ft (300 m)  h i g h  escarpmeot 

around S p i r e  Beach. The l a v a  f l o w s  and p y r o c l a s t i c  beds exposed a long  t h i s  

escarpment have r e l a t i v e l y  low d i p s  t o  t h e  n o r t h  and eas t ,  sugges t ing  t h a t  

t h i s  p a r t  of t h e  i s l a n d  had more g e n t l e  r e l i e f  and extended f a r t h e r  e a s t  when 

t h e  rocks  were emplaced. The t r a c h y t e  domes and vents  o f  L e t t e r b o x ,  Whi te  

H i l l ,  Weather Post  and D e v i l ' s  Cauldron suggest  an a r c u a t e  t r e n d  which f o l l o w s  

t h e  escarpment and c o a s t l i n e  t o  t h e  n o r t h e a s t .  T h i s  may mark t h e  western  edge 

o f  a r i n g  f r a c t u r e  system o f  a c a l d e r a  which i s  l a r g e l y  h idden beneath t h e  

sea. 

I s l a n d  Subsidence 

The change f rom s u b a e r i a l  t o  subaqueous rocks  i s  i m p o r t a n t  because i t  

w i l l  be a s i g n i f i c a n t  change i n  rock  c h a r a c t e r  a f f e c t i n g  b o t h  d r i l l i n g  and 

permeabi 1 i ty ,  p l u s  poss i  b i  l y  h a v i n g  a c o n t r o l  on t h e  geothermal  system, 

S u b a e r i a l  rocks  ex tend t o  t h e  bo t tom of a l l  ho les  d r i l l e d  and subaqueous 

e x t r u s i v e s  were n o t  encountered.  GH-6 extended t o  t h e  l o w e s t  e l e v a t i o n ,  674 

f t  (205 m) be low sea l e v e l .  Ascension I s l a n d  has t h e r e f o r e  subs ided a t  l e a s t  

674 f t  (205 m) s i n c e  emergence as an i s l a n d .  To e s t i m a t e  t h e  depth  t o  t h e  

s u b a e r i a l  -subaqueous rock  c o n t a c t ,  two f a c t o r s  must be cons idered,  p l a t e  

subsidence due t o  c o o l i n g ,  and i s o s t a t i c  subs idence due t o  l o a d i n g  of t h e  

Ascension p e d e s t a l .  Parsons and S c h l a t e r  (1977)  s t u d i e d  oce.an p l a t e  
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subsidence w i t h  t i m e  and c o o l i n g  as p l a t e s  move away f rom s p r e a d i n g  c e n t e r s .  

Based on u n i f o r m  p l a t e  subsidence (Parsons and S c l a t e r ,  1977) t h e  7 m i l l i o n  

y e a r s  o l d  ocean f l o o r  under Ascension has subsided 2950 f t  (900 m ) .  I f  t h e  

v o l c a n i c  p i l e  d i d  n o t  reach t h e  s u r f a c e  u n t i l  2 m.y. ago, t h e  p l a t e  has 

subs ided  o n l y  656 f t  (200 m) i n  t h e  p a s t  2 m.y. I s o s t a t i c  subs idence i s  a 

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

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

and t h e  a d d i t i o n a l  h e i g h t  added t o  compensate f o r  p l a t e  subsidence. 

s u b a e r i a l  -subaqueous c o n t a c t  on Sao Migue l  , Azores, has subs ided  786 m (Muecke 

e t  a1 ., 1974). The i s l a n d  i s  d i r e c t l y  on t h e  s p r e a d i n g  c e n t e r  so a l l  t h e  

subs idence  i s  c o n s i d e r e d  i s o s t a t i c .  Sao Migue l  has a maximum e l e v a t i o n  o f  

3116 f t  (950 m ) ,  so t h e  subsidence t o  e l e v a t i o n  r a t i o  i s  0.83. A p p l y i n g  t h i s  

r a t i o  t o  Ascens ion ' s  maximum e l e v a t i o n  o f  2815 f t  (858 m) p l u s  656 f t  (200 m) 

However, subs idence 

The 

f o r  p l a t e  subsidence g i v e s  a c a l c u l a t e d  i s o s t a t i c  subs idence of  2870 ft (875  

m ) .  T h i s  i s  a v e r y  rough e s t i m a t e  b u t  i t  i n d i c a t e s  t h a t  t h e  s u b a e r i a l -  

subaqueous e x t r u s i v e  r o c k s  i n t e r f a c e  may be about 3000 f t  (900 m) below sea 

l e v e l  , o r  much more if t h e  i s l a n d  emerged e a r l i e r .  

Who1 e-rock Chemi st ry 

Whole rock  chemical  ana lyses  on c o r e  samples and o u t c r o p  samples 

c o l l e c t e d  d u r i n g  Phase I1  a r e  l i s t e d  i n  Tables 2, 3, and 4. 

ana lyses  f o r  c o r e  samples and s u r f a c e  samples (see a l s o  ana lyses  r e p o r t e d  i n  

Phase I t e c h n i c a l  r e p o r t ,  N i e l s o n  and S i b b e t t  (1982))  i n d i c a t e s  t h a t  

s u b s u r f a c e  r o c k s  have t h e  same chemical  range as s u r f a c e  exposures.  

ana lyses  have been u s e f u l  i n  c o r r e l a t i n g  rock  u n i t s  as w e l l  as p r o v i d i n g  

i n f o r m a t i o n  which can be used i n  t h e  i n t e r p r e t a t i o n  o f  t h e  aeromagnet ic  

Comparison of t h e  

These 

survey.  
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Table 2. Whole rock  chemical  analyses o f  b a s a l t s  and a n d e s i t e  from Ascension 
I s l a n d .  Ma jo r  element analyses a r e  expressed as w e i g h t  p e r c e n t  and 
t r a c e  e lements i n  p a r t s  pe r  m i l l i o n .  

AI -83-1 

S i  O2 57.40 

2'3 
FeO* 

MgO 
CaO 

Na 20 

MnO 

T i  O2 

'2'5 
LO1 

K20 

T o t  a 1 

S r  
Ba 
co 
N i  
cu 
Pb 
Zn 
L i  
Be 
Z r  
La 
Ce 

16.00 
8.78 
2.14 
4.82 
5.70 
2.01 
0.26 
1.67 
0.71 

0 
- 
99.49 

386 
620 
25 
<5 
6 

< 10 
135 
12 

3.2 
194 
61 
92 

*To ta l  i r o n  c a l c u l a t e d  as FeO. 
LO1 i s  l o s s  on i g n i t i o n  

AI -83-7 

46.61 
14.96 
12.35 
4.91 
8.88 
3.75 
1.54 
0.21 
4.14 
0.97 
0.85 

99.17 

522 
430 
35 
15 
27 

<lo 
108 
7 

2.3 
140 
43 
66 

I_ 

AI-83-8 

58.20 
17.65 
6.46 
0.95 
3.38 
6.34 
2.82 
0.16 
1.15 
0.72 
0.85 

98.68 

503 
850 
17 
8 
7 
10 
126 
12 
4.1 
280 
77 
123 

AI-83-11 

49.80 
15.42 
11.24 
4.82 
8.00 
3.87 
1.17 
0.19 
3.04 
0.82 
0 

98.37 

717 
470 
39 
44 
38 

< 10 
117 
9 

2.6 
199 
52 
81 

___ 

GH 2 - 276 
50.70 
15.19 
11.04 
5.31 
8.39 
3.57 
1.23 
0.18 
2.65 
0.43 

98.69 

368 
260 
56 
56 
36 

< 10 
100 
8 

2.1 
133 
33 
49 

1. AI-83-1 B a s a l t  f l o w  exposed west o f  S p i r e  Beach. 
2. AI-83-7 B a s a l t  f l o w  exposed a l o n g  wash n o r t h e a s t  of runway. 
3. 
4. AI-83-11 B a s a l t  f l o w  i n  sandwash, j u s t  n o r t h  of runwa.y. 
5. GH2-276' O l i v i n e  b a s a l t  f o r m i n g  sou th  w a l l  o f  C r i c k e t  V a l l e y .  

AI-83-8 High-K a n d e s i t e  f l o w ,  sou theas t  f l a n k  o f  D e v i l ' s  R i d i n g  School. 
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Tab le  3. Whole rock  chemical  ana lyses  of d a c i t e s  f rom Ascension I s l a n d .  
Ma jor  e lement  ana lyses  a re  expressed as we igh t  pe rcen t  and 
t r a c e  e lements i n  p a r t s  per  m i l l i o n .  

S i  O2 

FeO* 
2'3 

MgO 
CaO 

Na 20 

MnO 

T i  O2 

'2'5 
LO I 

T o t a l  

S r  
Ba 
co 
N i  
cu 
Pb 
Zn 
L i  
Be 
Z r  
La 
Ce 

K20 

A I  -83-9 A I  -83-10 

68.20 63.70 
14.33 16.08 
5.94 5.48 
0.15 0.81 
0.78 2.38 
6.73 6.45 
2.27 2.75 
0.28 0.20 
0.48 0.63 
0.08 0.16 
0.19 1.00 

99.43 99.64 

26 
1060 
25 
7 
6 
16 

211 
19 
5.8 
621 
105 
180 

223, 
970 
18 
12 
9 
14 
146 
19 

4.6 
427 
71 
117 

*To ta l  i r o n  ca l cu l -a ted  as FeO. 
LO1 i s  loss on i g n i t i o n  

GH 2 -825 

67.60 
14.54 
4.30 
0.31 
0.76 
5.28 
3.31 
0.18 
0.37 
0.05 
2.79 

99.49 

26 
200 
17 
<5 
8 

< 10 
151 
28 

6 . 3  
660 
88 
136 

- 

GH 2 - 1041 
67.50 
13.51 
4.15 
0.12 
0.63 
6.70 
4.43 
0.16 
0.37 
0.06 
0.32 

97.95 

37 , 
890 
9 
<5 
6 

< 10 
139 
14 
5.3 
786 ; 

28 
40 

I 

GH6-955 

68.20 
15.71 
4.50 
0.25 
1.49 
6.18 
2.41 
0.05 
0.46 
0.12 
0.60 

99.97 

185 
540 
12 
<5 
< 5  

< 10 
122 
10 

! 4.0 
50 1 
53 
83 

GH6-979 

67.80 
15.70 
4.35 
0.44 
1.76 
5.85 
1.36 
0.14 
0.45 
0.13 
1.48 

99.46 

237 
610 
15 
< 5  
34 

< 10 
111 
16 
3.8 
432 
64 
100 

1. AI-83-9 Welded t u f f  b r e c c i a  f l o w ,  p f  on southwest  s i d e  o f  Green Mountain. 
2. AI-83-10 Welded t u f f  b r e c c i a  f l o w ,  ? f  n o r t h  o f  N,or theast  Cot tage.  
3. GH2-825' Non-welded v i t r i c - l i t h i c  t u f f  i n  C r i c k e t  V a l l e y  ho le .  
4. GH2-1041' D a c i t e  f l o w  o r  dome i n  C r i c k e t  V a l l e y  h/ole. 
5. GH6-955' P o r p h y r i t i c  d a c i t e  l a v a  f l o w  i n  D e v i l ' s  R i d i n g  School h o l e .  
6. GH6-979' D a c i t e  l a v a  f l o w  i n  D e v i l ' s  R i d i n g  Scho,ol i ho le .  
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Tab1 e 4. Who1 e rock  chemical  ana lyses  o f  r h y o l  i t e s  f rom Ascension I s 1  and. 
Ma jo r  element ana lyses  a re  expressed as we igh t  p e r c e n t  and 
t r a c e  e lements i n  p a r t s  pe r  m i l l i o n .  

S i  O 2  

FeO* 
2'3 

MgO 
CaO 

Na20 

MnO 

T i  O2 

'2'5 
LO1 

Tot  a1 

S r  
Ba 
co 
N i  
cu 
Pb 
Zn 
L i  . 

Be 
Zr 
La 
Ce 

K20 

AI -83-4 GH2-696 GH2- 762 

69.40 70.20 69.40 
13.72 14.09 11.80 
4.96 4.20 4.20 
0.06 0.10 0.07 
0.47 0.53 0.43 
6.59 6.36 6.44 
2.42 3.24 4.92 
0.21 0.20 0.16 
0.31 0.27 0.28 
0 . 0 2  0.02 0.03 

0.10 0.26 
-- 
9 8 . 2 6  99.47 97.73 

3 
!70 
13 
< 5  

7 
<10 

191 
22 

6.7 
666 

95 
146 

7 
100 

23 
< 5  

7 
< 10 
154 

20 
6.9 
640 

89 
141 

7 
110 

12 
7 

11 
11 

170 
21 

6.1 
9 36 

53 
84 

GH2-1633 

74.80 
12.28 

2.62 
0.06 
0.20 
5.00 

2.97 
0.05 
0.18 
0.01 

0.40 

98.57 

4 
210 

49 
<5  

6 
< l o  
181 

27 
7.0 
531 

79 
151 

*To ta l  i r o n  c a l c u l a t e d  as FeO. I 

LO1 i s  l o s s  on i g n i t i o n  I 

I 
1. AI-83-4 R h y o l i t e  f l o w  n o r t h  o f  Dampiers '  Spr ing .  
2. GH2-696 High-K r h y o l i t e  l a v a  f l o w  i n  C r i c y e t  V a l l e y  h o l e .  
3. GH2-762 Welded ash - f l ow  t u f f  i n  t h e  C r i c k e t  V a l l e y  ho le .  
4. GH2-1633 R h y o l i t e  dome a t  t h e  bo t tom o f  C r i c k e t  V a l l e y  ho le .  

I 

I 
I 
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A l t e r a t i o n  

A l t e r a t i o n  m i n e r a l s  and secondary f r a c t u r i n g  a re  i n d i c a t e d  on t h e  

l i t h o l o g i c  l o g s  f o r  t h e  thermal  g r a d i e n t  h o l e s  ( F i g s .  3 t h r o u g h  9).  In  most 

o f  t h e  ho les  no s i g n i f i c a n t  a l t e r a t i o n  was p resen t  above a depth  o f  600 ft 

(183 m). C lay  a l t e r a t i o n  o f  p y r o c l a s t i c  m a t e r i a l  i s  t h e  most common, w i t h  

c l a y  a l t e r a t i o n  i n  l a v a  f l o w s  and d i k e s  g e n e r a l l y  r e s t r i c t e d  t o  f r a c t u r e s .  

Smec t i t e  i s  t h e  most common c l a y  m i n e r a l .  Hemat i te  s t a i n i n g  a l o n g  f r a c t u r e s  

i s  common i n  t h e  deeper p a r t  o f  t h e  h o l e s  and i s  t y p i c a l l y  a s s o c i a t e d  w i t h  

b a s a l t  d i k e s  o r  h i g h l y  f r a c t u r e d  rocks .  Ca lc ium ca rbona te  f i l l i n g  f r a c t u r e s  

and v e s i c l e s  i s  abundant o n l y  i n  t h e  bo t tom o f  GH-6 and i n  GH-4. Wel l - fo rmed 

c r y s t a l s  i n  GH-4 co re  a re  t h e  a r a g o n i t e  polymorph. A l l  o f  t h i s  a l t e r a t i o n  

c o u l d  be produced by normal weather ing .  

C h l o r i t e  i s  p resen t  near  t h e  bo t tom o f  GH-4 and a s s o c i a t e d  w i t h  t h e  

b a s a l t i c  d i k e  i n  GH-6. The c h l o r i t e  i n  GH-6 was p r o b a b l y  produced by d e u t e r i c  

a l t e r a t i o n  o f  t h e  d i k e .  Ps i lomelane o r  mangani te  cement t r a c h y t i c  b r e c c i a  i n  

LDTGH a t  a depth  o f  678 t o  694 ft (207 t o  212 m). These manganese m i n e r a l s  

a r e  g e n e r a l l y  supergene i n  o r i g i n ,  however, manganese m i n e r a l s  a re  a s s o c i a t e d  

w i t h  geothermal systems a t  some l o c a t i o n s  ( N i e l s o n  e t  a l . ,  1978). 

\ 
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SUBSURFACE TEMPERATURES 

Subsur face  tempera tu re  measurements a r e  o f  obv ious  u s e f u l n e s s  i n  t h e  

e x p l  o r a t i  on f o r  geothermal systems. The d r i  11 i ng process  i t  s e l  f modi f i es t h e  

tempera tu re  i n  t h e  h o l e s  and a s e r i e s  o f  measurements made a t  d i f f e r e n t  t i m e s  

f o l l o w i n g  h o l e  c o m p l e t i o n  a re  u s e f u l  i n  n o t  o n l y  wa tch ing  t h e  ho les  come t o  

thermal  e q u i l i b r i u m ,  b u t  a l s o  i n  e x p l a i n i n g  some o f  t h e  h y d r o l o g i c  p r o p e r t i e s  

o f  t h e  rocks  p e n e t r a t e d  by t h e  d r i l l i n g  p rocess .  

GH-1 was t h e  f i r s t  o f  t h e  thermal  g r a d i e n t  h o l e s  d r i l l e d .  It was l o c a t e d  

on t h e  b a s i s  o f  d e t a i l e d  e l e c t r i c a l  r e s i s t i v i t y  measurements (Ross e t  a l . ,  

1984) which documented a 10 $2-m r e s i s t i v i t y  zone a t  a depth  o f  about  1000 f t  

be low sea l e v e l  i n  t h i s  l o c a t i o n .  The tempera tu re  p r o f i l e s  f o r  t h i s  h o l e  a r e  

shown i n  F i g u r e  12. 

and i t  was encountered  a t  t h e  bo t tom o f  t h e  ho le .  The g r a d i e n t  a t  t h e  bo t tom 

o f  t h e  h o l e  i s  about  67'C/km (3.7' F/100 f t . ) .  

The h i g h e s t  t empera tu re  recorded i s  42.06OC (107.7"F), 

GH-2 was d r i l l e d  t o  a depth  o f  1750 f t  near t h e  sou the rn  marg in  of 

C r i c k e t  V a l l e y .  The tempera tu re  l o g s  f o r  t h i s  h o l e  a re  summarized i n  F i g .  

13. The e l e v a t i o n  o f  t h e  h o l e  i s  about 1570 f t  above sea l e v e l .  T h i s ,  i n  

I c o n j u c t i  on w i t h  t h e  h i g h  permeabi 1 i t y  o f  t h e  rocks  and t h e  c o n s t a n t  c l o u d i n e s s  

and m i s t  on t h a t  s i d e  of t h e  i s l a n d ,  have r e s u l d e d  i n  a depressed thermal  

I 

I 

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

o f  a zone o f  recharge w i t h  downward p e r c o l a t i n g  m e t e o r i c  wa te r  b u f f e r i n g  t h e  

tempera tu re  o f  t h e  h o l e  t o  app rox ima te l y  t h e  average a tmospher ic  tempera tu re .  

Below 492 ft (150 m) ,  however, t h e  g r a d i e n t  i n c r e a s e s  t o  58OC/km. The 

maximum tempera tu re  measured i n  t h i s  h o l e  was 45.6OC (114'F) a t  t h e  bo t tom,  

1,739 f t .  

GH-3 was d r i l l e d  near  Booby H i l l  i n  t h e  dump t o  t h e  n o r t h  o f  t h e  

runway. Booby H i l l  i s  a r e l a t i v e l y  young b a s a l t i c  vent  area, and t h e  h o l e  was 
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F i g u r e  12 .  Tempera tu re  l o g s  f o r  GH-1. S e e  
F i g u r e  3 f o r  e x p l a n a t i o n  o f  
1 i tho1  ogy symbol s . 
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Figure  13. Temperature logs  f o r  GH-2. See F igure  
4 f o r  e x p l a n a t i o n  o f  lithology symbols. 
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d r i l l e d  t o  t e s t  f o r  any l a t e n t  heat  a l o n g  t h i s  zone. Due t o  d r i l l i n g  problems 

d e s c r i b e d  p r e v i o u s l y ,  t h e  h o l e  o n l y  reached 206 f t .  The thermal  l o g  f rom t h i s  

h o l e  i s  i l l u s t r a t e d  i n  F i g .  14. T h i s  l o g  shows t h a t  t h e  h o l e  has a n e g a t i v e  

the rma l  g r a d i e n t .  That i s ,  i t  i s  h o t t e r  a t  t h e  s u r f a c e  than  a t  depth.  The 

h i g h e r  tempera tures  near  t h e  s u r f a c e  r e s u l t  f rom h e a t i n g  by t h e  sun. The 

c o o l e r  t empera tu res  a t  depth  suggest t h a t  h i g h  tempera tu res  w i l l  n o t  be found 

a t  sea l e v e l  where water  would be expec ted  t o  be encountered .  

Hole GH-4 was d r i l l e d  near  B e a r ' s  Back l a r g e l y  t o  t e s t  t h e  geothermal  

p o t e n t i a l  o f  an aeromagnet ic  t r e n d  d e t e c t e d  i n  t h i s  area (Ross e t  a1 ., 
1984). The tempera tu re  l o g s  o f  t h i s  h o l e  a re  shown i n  F ig .  15. The maximum 

tempera tu re  reco rded  i s  40.27OC (104.5OF) a t  t h e  bo t tom o f  t h e  ho le .  The 

thermal  g r a d i e n t  reco rded  above t h e  wa te r  t a b l e  i s  54.7'C/km. The e a r l i e r  

l o g s  ( F i g .  15) show zones between 394 and 427 f t  (120-130 m) and a t  525-558 ft 

(160-170 m) which,  t h rough  t i m e ,  e q u i l i b r a t e d  t o  fo rm a l i n e a r  g r a d i e n  

These areas p r o b a b l y  r e p r e s e n t  permeable zones which accumul a t e d  l a r g e  

o f  c o o l e r  d r i l l i n g  f l u i d  d u r i n g  d r i l l i n g  and r e q u i r e d  some amount of t 

r e c o v e r  f rom t h e  c o o l i n g  e f f e c t s .  The change i n  s l o p e  o f  t h e  g r a d i e n t  

a t  sea l e v e l  suggests  t h a t  t h a t  i s  where wa te r  i s  f i r s t  encountered  i n  

h o l  e. 

. 
amounts 

me t o  

curves  

t h e  

GH-5 was d r i l l e d  a long  t h e  Old Mounta in Road t o  t h e  sou th  o f  S i s t e r s  

Peak. The l o g s  f o r  t h i s  h o l e  a r e  shown on F i g .  16. .The e q u i l i b r i u m  

tempera tu re  on t h i s  h o l e  shows a s l i g h t l y  p o s i t i v e  g r a d i e n t  f rom 197 f t  (60  m)  

down t o  sea l e v e l ,  and t h e n  a n e g a t i v e  g r a d i e n t  t o  t h e  t o t a l  depth  of t h e  

ho le .  T h i s  suggests  t h a t  t h e r e  i s  a zone o f  s l i g h t l y  warmer wa te r  p resen t  a t  

sea l e v e l .  Th i s  zone i s  p robab ly  e i t h e r  f r e s h  wa te r  o r  a m i x t u r e  o f  f r e s h  and 

s a l t  water .  Below t h i s ,  t h e  wa te r  i s  b r i n e y  and c o l d e r .  The g r a d i e n t  above 

sea l e v e l  i s  14.4"C/km. T h i s  low g r a d i e n t  suggests  t h a t  t h e  p o r t i o n  of t h i s  
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Figure  14. Temperature l o g  f o r  GH-3. 
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Figure 15. Temperature logs f o r  GH-4. See Figure 6 
for explanation o f  l i thology symbols. 
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h o l e  which i s  l o c a t e d  above 

c o n t r o l  1 ed by downward p e r c  

t h e  water  t a b l e  i s  an area  whose tempera tu re  i s  

l a t i o n  of m e t e o r i c  wa te r  o r  l a t e r a l  f l o w  below sea 

l e v e l  which sweeps away most heat  coming f rom depth.  

Hole GH-6 was d r i l l e d  on t h e  eas t  f l a n k  o f  D e v i l  I s  R i d i n g  School a l o n g  

t h e  NASA road. T h i s  h o l e  reached a maximum o f  54.4OC (13OOF) a t  t h e  t o t a l  

depth  o f  t h e  h o l e .  F i g .  17 shows t h e  tempera tu re  l o g s  o f  t h i s  ho le .  The 

g r a d i e n t  above t h e  wa te r  t a b l e  i s  65.5'C/km. Zones a t  787 f t  (240 m) and 951- 

984 ft (290-300 m)  were coo led  c o n s i d e r a b l y  by d r i l l i n g  f l u i d  and had n o t  

q u i t e  r e - e q u i l i b r a t e d  a t  t h e  l a s t  l o g g i n g .  The s t r a i g h t  p r o f i l e  be low sea 

l e v e l  suggests  c o n d u c t i  ve r a t h e r  than  c o n v e c t i  ve heat  t r a n s p o r t .  The g r a d i e n t  

a t  t h e  bo t tom o f  t h i s  h o l e  i s  71.9OC/km (3.9' F/100 f t . ) ,  and t h e  c o n d u c t i v e  

n a t u r e  suggests  t h a t  t h e  rocks  a re  a n i s o t r o p i c  w i t h  l i t t l e  v e r t i c a l  

permeabi 1 i t y  . 
LDTGH was d r i l l e d  approx ima te l y  ha l fway  between GH-1 and GH-6 t o  t e s t  f o r  

a f r e s h  wa te r  resource .  The tempera tu re  l o g s  o f  t h i s  h o l e  a re  shown i n  F i g .  

18. The h i g h e s t  t empera tu re  measured i n  t h i s  h o l e  was 48.32OC (119OF) on 4 

December 1983. The l a s t  l o g  (3 /9 /84 )  shows t h a t  t h e  l ower  p o r t i o n  o f  t h e  h o l e  

has become i s o t h e r m a l  w i t h  a tempera tu re  which i s  a p p r o x i m a t e l y  average t h a t  

found d u r i n g  t h e  12/4/83 l o g g i n g .  T h i s  i s  p r o b a b l y  due t o  wa te r  f l o w  w i t h i n  

t h e  d r i  11 h o l e  i t s e l f  and does not  r e p r e s e n t  a " s t a t i c "  geothermal phenomena, 

Composite Logs 

F i g u r e s  19 and 20 a r e  compos i te  l o g s  o f  t h e  e q u i l i b r i u m  tempera tures  o f  

a l l  t h e  h o l e s  d r i l l e d .  F i g u r e  19 shows tempera tu res  p l o t t e d  a g a i n s t  dep th  

below t h e  s u r f a c e  w h i l e  F i g u r e  20 shows tempera tu re  p l o t t e d  w i t h  r e s p e c t  t o  

e l e v a t i o n .  We have p l o t t e d  these  1 ogs aga i  n s t  e l e v a t i o n  because ev idence 

suggests  t h a t  t h e  water  t a b l e  i s  e s s e n t i a l l y  sea l e v e l  t h r o u g h o u t  t h e  

i s l a n d .  P l o t t i n g  i n  t h i s  manner e l i m i n a t e s  t h e  b i a s  o f  t empera tu re  
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Figure 18. Temperature logs for L D T G H .  See Figure 
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measurements i n  zones o f  recharge above t h e  water  t a b l e .  

F i g u r e  20 shows t h a t  t h e  w e l l s  may be grouped i n t o  t , , r e e  d i s t i n c t  

c a t e g o r i e s .  We l l s  GH-3 and EiH-5 a r e  c l e a r l y  c o l d  and must be c o n t r o l l e d  by 

t h e  f l u x  o f  c o l d  wa te r  a t  depth.  GH-1, 2 ,  6 and LDTGI-1 a re  warm and show ve ry  

s i m i  1 a r  t empera tu re  s i g n a t u r e s .  GH-4 i s  i n t e r m e d i a t e  between t h e  o t h e r  two 

groups. The s i g n a t u r e s  of t hese  w e l l s  suggest  t h e  presence o f  a c t i v e  

geothermal processes bo th  i n  t h e  area o f  M i d d l e t o n  r i d g e  (GH-1, 6 and LDTGH) 

and C r i c k e t  V a l l e y  (GH-2). S ince  d r i l l i n g  depths a re  g r e a t e r  around C r i c k e t  

V a l l e y ,  and t h e  s i t e  i s  f a r t h e r  f rom t h e  U.S. Base, it i s  c l e a r  t h a t  f u t u r e  

e x p l o r a t i o n  shou ld  c o n c e n t r a t e  on t h e  area  around M i d d l e t o n  r i d g e ,  
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FLUID CHEMISTRY 

Samples o f  t h e  subsur face  f l u i d s  f rom Ascension I s l a n d  were c o l l e c t e d  

f r o m  d r i l l  h o l e  LDTGH. As r e p o r t e d  p r e v i o u s l y  ( N i e l s o n  and S i b b e t t ,  1982) no 

h o t  s p r i n g s ,  seeps o r  fumarolies were found d u r i n g  g e o l o g i c  mapping o f  t h e  

i s l a n d .  F o l l o w i n g  t h e  comp le t i on  o f  LDTGH, t h e  w e l l  was a i r l i f t e d  t o  c l e a n  

d r i l l i n g  f l u i d  f rom t h e  w e l l  Ibore. D u r i n g  March, 1984 t h e  f l u i d s  i n  t h e  w e l l  

were sampled u s i n g  a downhole sampl ing  system which a l l owed  us t o  t a k e  samples 

a t  v a r i o u s  depths  i n  t h e  w e l l .  These samples a re  a l s o  shown i n  Tab le  5. 

I n t  r o d u c t  i on 

A l though  t h e r e  i s  no ev idence a t  t h e  s u r f a c e  o f  t h e  presence o f  

geothermal a c t i  v i  t y  on Ascensi  on I s 1  and , geothermal f 1 u i  ds were encountered  i n  

the rma l  g r a d i e n t  w e l l  LDTGH. S i x  wa te r  samples were c o l l e c t e d  from fou r  

d i f f e r e n t  depths  t o  h e l p  de te rm i  ne t h e  subsur face  r e s e r v o i r  t empera tu res  and 

t h e  o r i g i n  o f  t h e  thermal  f l u i d s .  The samples were taken  f rom depths o f  573, 

578, 599, and 625 f t  (175, 176, 183 and 190 m) u s i n g  a downhole sampler a f t e r  

t h e  w e l l  had been a l l owed  t o  !stand u n d i s t u r b e d  f o r  a p p r o x i m a t e l y  f o u r  

months.. The wa te r  l e v e l  i n  t h e  w e l l  i s  a t  a depth  of 570 ft (174 m). 

A n a l y t i c a l  R e s u l t s  and D i s c u s s i o n  

The c o n c e n t r a t i o n s  o f  37 ma jo r  and minor  c a t i o n s ,  f l u o r i d e ,  c h l o r i d e ,  

s u l f a t e  and b i c a r b o n a t e  were de termined on each o f  t h e  s i x  wa te r  samples. I n  

a d d i t i o n ,  t h e  t o t a l  d i s s o l v e d  s o l i d s  (TDS) c o n t e n t  and t h e  pH were de termined 

on each o f  t h e  samples. The c a t i o n  c o n c e n t r a t i o n s  were de termined by  

i nduc t  i v e l y  coup1 ed argon plasma spec t romet ry  . The p r e c i  s i  on and accuracy  o f  

t h i s  method and t h e  sample p r e p a r a t i o n  techn iques  have been d e s c r i b e d  by 

C h r i s t e n s e n  e t  a1 . (1980) .  F l u o r i d e  and c h l o r i d e  were de termined by s p e c i f i c  

i o n  e l e c t r o d e ,  s u l f a t e  by s i l v e r  n i t r i t e  t i t r a t i o n  and TDS by g r a v i m e t r y .  A l l  
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Sample # 

Tab1 e 5. Chemi c a l  Cornposi t i  on o f  Ascension I s 1  and Sampl es , Seawater and Seawater-Deri ved 
Geothermal B r i  ne f rom Reyk janes ,  I c e 1  and. 

573' 578' 599 ' 625 ' 625 '#1  625 '#2 Reykjanes' Seawater 3 

Date o f  C o l l e c t i o n  3/12/84 3/12/84 3/12/84 3/12/84 3/13/84 3/13/84 n r  n r  

Temperature ("C) 
Na 

K 

Ca 

Mg 
S r  

Fe 

S i  O2 
L i  

B 

HC03 

c1 
F 

B r  

so4 

TDS 

PH 

45 
4,273 

167 
419 
584 

3.24 
324 

25 

.13 
1.84 

15 

1,006 
8,760 

2.40 
29 

45 
4,283 

166 
4 33 
586 

3.24 
31 1 

25 
.14 

1.84 
< 10 

1,018 
8,690 

2.00 
na 

45 
4,272 

165 
4 35 

578 
3.24 

334 
24 

.13 
1.79 

13 
1,003 
8,640 

2.10 
na 

45 
9,282 

318 
608 

1,169 
6.76 

92. 
94 

.22 
2.71 

86 

2,320 
17,100 

2.40 
na 

45 
9,587 

327 
5 38 

1,202 
6.94 

74 
99.0 

.22 
2.72 

119 
2,402 

17,800 
2.70 

na 

45 
9,710 

331 
5 44 

1,222 
7.03 

78 
101 
.22 

2.76 
225 

2,446 
17,800 

2.70 
63 

269OC 
10,135 

1,480 
1,628 

1.0 

n r  

n r  

6 00 

n r  

n r  

n r  

22.2 
19,727 

.1 
n r  

n r  

10,500 
380 
400 

1 + 350 
8 

. O l  

6.4 
.17 
4.6 
142 

2,700 
19,000 

1.3 
65 

15,430 15,420 15,340 30,770 32,460 32,500 n r  n r  

6.1 6.1 6.1 6.1 6.2 6.3 n r  n r  

na = n o t  analyzed f o r ,  n r  = no t  repo r ted  

a n a l y s i s  f rom Hem (1970) 
c o n c e n t r a t i o n s  i n  mg/kg 

* a n a l y s i s  f rom Arnorsson (1978) 



o f  t h e  samples were ana 

chemical  ana lyses  a re  g 

and 22. 

yzed w i t h i n  one month o f  t h e i r  c o l l e c t i o n .  The 

ven i n  Tab le  5 and p resen ted  g r a p h i c a l l y  i n  F i g u r e s  21 

The da ta  i n  Table 5 i n d i c a t e  t h a t  t h e  water  samples f a l l  i n t o  two 

d i  s t i  n c t  groups. Waters sampled between 573 and 599 f t  a re  c o m p o s i t i o n a l  l y  

s i m i l a r .  These waters  a re  r e l a t i v e l y  d i l u t e  w i t h  TDS c o n t e n t s  o f  a p p r o x i -  

ma te l y  15,000 ppm. Samples f rom 625 f t  a re  more s a l i n e  w i t h  a TDS c o n t e n t  o f  

nea r  32,000 ppm. D e s p i t e  these  c o m p o s i t i o n a l  d i f f e r e n c e s  , F i g u r e  21  shows 

t h a t  b o t h  groups have c l o s e  a f f i n i t i e s  t o  seawater .  The da ta  suggest  t h a t  

seve ra l  o f  t h e  e lements have behaved i n  a c o n s e r v a t i v e  manner. T h i s  

r e l a t i o n s h i p  i s  c l e a r l y  i n d i c a t e d  by t h e  o v e r a l l  s i m i l a r i t i e s  i n  t h e  e lemen ta l  

r a t i o s  (Tab le  6 )  o f  sodium (Ma), po tass ium (K), magnesium (Mg), s t r o n t i u m  

( S r ) ,  s u l f a t e  ( S O 4 ) ,  bromide (Br) ,  and c h l o r i d e  ( C l )  between t h e  wa te r  samples 

c o l l e c t e d  a t  573 and 625 ft. Because o f  t h e  ve ry  d i f f e r e n t  chemical  b e h a v i o r  

o f  t hese  e lements d u r i n g  hydro thermal  a l t e r a t i o n ,  t hese  s i m i l a r i t i e s  i m p l y  

t h a t  t h e  two wa te r  t y p e s  have been c o n t r o l l e d  by s i m i l a r  wa te r - rock  

i n t e r a c t i  ons. 

The r e l a t i o n s h i p  between t h e  c h e m i s t r y  o f  t h e  two wa te r  t ypes  t o  seawater  

i s  i l l u s t r a t e d  i n  g r e a t e r  d e t a i l  on t h e  m i x i n g  d iagram shown i n  F i g u r e  22. 

Fo r  s i m p l i c i t y  o n l y  one a n a l y s i s  o f  each wa te r  t y p e  was p l o t t e d  on t h i s  

diagram. 

l e a s t  r e a c t i v e  o f  t h e  elements p resen t  i n  t h e  samples and t h e r e f o r e  i t s  

c o n c e n t r a t i o n  i s  most l i k e l y  ' to  r e f l e c t  t h e  n o n r e a c t i v e  h i s t o r y  o f  t h e  w a t e r s  

( E l l i s ,  1979). 

The da ta  were p l o t t e d  a g a i n s t  c h l o r i d e  because i t  i s  p r o b a b l y  t h e  

F i g u r e  22 shows t h a t  t h e  c o n c e n t r a t i o n s  of Mg, SO4, Na and K decrease 

s y s t e m a t i c a l l y  from seawater t o  t h e  sample f rom 625 ft t o  t h e  sample from 573 

f t ,  s u g g e s t i n g  t h a t  an a p p a r e n t l y  s imp le  m i x i n g  r e l a t i o n s h i p  may e x i s t  between 
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Figure 21. Tr i l inear  diagram showing cheinical character o f  Ascension Island water 
samples and sea Lvaters. 
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Figure 22.  Major and minor element concentrations v s .  chloride i n  Ascension Island 
water samples and sea water. 
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t h e  t h r e e  waters .  I n  c o n t r a s t ,  t h e  c o n c e n t r a t i o n s  o f  ca l c ium,  b i c a r b o n a t e ,  

s i l i c a ,  boron,  and f l u o r i d e  d e v i a t e  s i g n i f i c a n t l y  f rom a s imp le  m i x i n g  

model . 
whereas boron i s  r e l a t i v e l y  dep le ted .  

b e h a v i o r  o f  t hese  e lements,  t h e  major  c a t i o n s  and s u l f a t e ,  i n  genera l ,  t y p i f y  

seawater  which has n o t  been heated t o  tempera tu res  above a range o f  300 t o  

392°F (150 t o  200°C). 

Cal c i  urn, b i  ca rbona te  , and s i  1 i ca a re  e n r i c h e d  re1 a t i  ve t o  seawater , 

As d i scussed  more f u l l y  below, t h e  

The low pH o f  t h e  samples, between 5.9 and 6.3, p r o v i d e s  one p o s s i b l e  

e x p l a n a t i o n  f o r  t h e  enr ichments  i n  c a l c i u m  and b i c a r b o n a t e .  

cond i  t i  ons d i  s s o l  u t i  on o f  c a l c i t e  l e a d i n g  t o  i n c r e a s e s  i n  c a l  c i  um and 

b i c a r b o n a t e  i n  t h e  waters  can occur .  B i s c h o f f  and S e y f r i e d  (1978)  have shown 

t h a t  l ow  pH may be produced by t h e  f o r m a t i o n  o f  magnesium h y d r o x i d e  as 

seawater  i s  heated.  However, t h e  s i m i l a r  r a t i o s  o f  Na t o  Mg i n  seawater  and 

i n t h e  Ascension samples i n d i  c a t e  t h a t  1 i tt l  e Mg has been p r e c i  p i t  a ted .  

Under t h e s e  

Both  s i l i c a  and f l u o r i d e  a r e  h i g h l y  m o b i l e  i n  geothermal waters  ( E l l i s ,  

1978) ,  and i t  has been shown t h a t  f l u o r i d e  i s  r e a d i l y  leached by thermal  

f l u i d s  even b e f o r e  a p p r e c i a b l e  hydro thermal  a l t e r a t i o n  has occu r red .  The 

c o n c e n t r a t i o n  o f  aqueous s i l i c a ,  i n  c o n t r a s t ,  i s  t empera tu re  dependent and can 

t h u s  be used as a geothermometer ( F o u r n i e r ,  1981). Es t ima tes  o f  t h e  r e s e r v o i r  

t empera tu res  based on t h e  s i l i c a  geothermometers a re  d i scussed  below. 

Boron, i n  c o n t r a s t ,  i s  d e p l e t e d  by up t o  45% i n  t h e  Ascension w a t e r s  

compared t o  seawater. A l though  boron i s  t y p i c a l l y  conserved i n  geothermal 

f l u i d s  because o f  t h e  absence o f  boron m i n e r a l s  (Browne, 1978), Brockamp 

(1973)  has shown t h a t  boron can be adsorbed o n t o  c l a y  m i n e r a l s ,  and t h a t  

a d s o r p t i o n  i n c r e a s e s  as t h e  c o n c e n t r a t i o n  o f  magnesium i n  t h e  f l u i d  

i n c r e a s e s .  C lays  a re  p resen t  i n  t h e  weakly  a l t e r e d  v o l c a n i c s  on Ascension 

I s l a n d  and t h u s  may be i m p o r t a n t  i n  c o n t r o l l i n g  t h e  abundance of boron  i n  
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t hese  Mg- r ich  waters .  

E s t i m a t i o n  o f  R e s e r v o i r  TemDeratureS 

developed d u r i n g  t h e  l a s t  f i f t e e n  y e a r s  (see, f o r  example, F o u r n i e r ,  1981) ,  

o n l y  t h e  s i  1 i ca geothermometers have proven re1  i ab1 e when appl  i ed t o  waters  

c o n t a i n i n g  ex t reme ly  h i g h  c o n c e n t r a t i o n s  o f  magnesium. The s o l u b i l i t y  o f  

s i l i c a  may, however, be c o n t r o l l e d  by one o f  seve ra l  d i f f e r e n t  s i l i c a  p o l y -  

morphs. I n  I c e l a n d ,  where geothermal h o s t  rocks  a r e  s i m i l a r  t o  those  of 

Ascension I s 1  and , Arnorsson (1975)  has demonst ra ted  a correspondence between 

I 
I 

I 

Reservo i  r tempera tures  o f  a c t i v e  geothermal systems can f r e q u e n t l y  be 

e s t i m a t e d  f rom t h e  c a t i o n  c o n c e n t r a t i o n s  o f  t h e  thermal  f l u i d  sampled f r o m  

we1 1 s and s p r i n g s .  A l though  many d i f f e r e n t  chemical  geothermometers have been 

c h a l  cedony-der i  ved tempera tu res  and measured tempera tu res  o f  f l  u i d  f rom deep 

(300-2200 m) d r i l l  ho les .  The measured tempera tu re  o f  t h e s e  f l u i d s  ranged 

f rom 112 t o  2 3 O O F  (50"  t o  110°C). A t  t empera tu res  o f  230-356°F (110" t o  

180OC) , q u a r t z  o r  chalcedony equi  1 i b r i  um c o n t r o l  1 ed t h e  so l  u b i  1 i t y  o f  aqueous 

s i l i c a ,  and a t  h i g h e r  tempera tures  q u a r t z  appears t o  c o n t r o l  t h e  s o l u b i l i t y  of 

aqueous s i  1 i ca. Temperature e s t i m a t e s  based on t h e  s i  1 i ca geothermometers a re  

g i v e n  i n  T a b l e  6.  

Qual  i t a t i  ve e s t i m a t e s  o f  t h e  r e s e r v o i  r tempera tures  can a1 so be made by 

compar ing t h e  e lementa l  c o n c e n t r a t i o n s  o f  t h e  Ascension wa te rs  t o  those  found 

i n  f l u i d s  f rom s i m i l a r  g e o l o g i c  env i ronments  o r  de termined f r o m  exper imen ta l  

da ta ,  The Reykjanes geothermal system o f  I c e l a n d  i s  perhaps t h e  b e s t  

documented o f  t h e  thermal  systems where t h e  geothermal f l u i d s  a re  d e r i v e d  f rom 

seawater. Here, h e a t i n g  o f  seawater  r e s u l t s  i n  an i n c r e a s e  i n  po tass ium,  

c a l c i u m  and s i l i c a  and a d r a m a t i c  decrease i n  magnesium and s u l f a t e  

(Arnorsson,  1978). Sodium and c h l o r i d e  a r e  conserved d u r i n g  h e a t i n g .  These 

changes were e x p e r i m e n t a l l y  v e r i f i e d  by B i s c h o f f  and S e y f r i e d  (1978), by 
. .  
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Tab1 e 6. Chemical Geothermoineter Temperatures and Element R a t i o s  f o r  

Ascension I s l a n d  Water Types. 

Ascension Samples 

625 '#2  573' Seawater Reyk j a n e s  1 

Measured Temp ( " C )  4!5 45 < 20 269 

Geot h e rmomet e rs 

2 Na-K-Ca 
322OF 3 3 1 O F  343°F 469OF 

(161°C) (166°C) (173°C) (243°C) 

232OF 104"F5 17.6"F 516°F 
si 023 (1110c)5  ( 4 0 0 ~ )  ( - 8 O c )  5 ( 269°C) 

R a t i o s  of Ascension Is land  'Water Types (573 ' /625#2)  For Major and Minor Elements 

Na .44 
K .50 
Ca .77 
Mg .48 
Sr .46 
Ln .59 
B .67 
Si O2 .25 
so4 .41 
c1 .49 
F .89 
Br .46 
TDS .47 

Analyses from Arnorsson (1978)  

Method o f  Fournier  (1973) 
Q u a r t z  polymorph 
Chalcedony polymorph 

* Method o f  Fournier  and Truesde l l  (1973) 

64 



h e a t i n g  seawater w i t h  b a s a l t  a t  122OF (5OOC) tempera tu re  i nc remen ts  up t o  

622°F ( 35OOC). Thei  r ana lyses  i n d i  c a t e  t h a t  c a l  c i  urn and s u l  f a t e  concent  r a -  

t i o n s  do n o t  change u n t i l  tempera tures  reach t h e  range o f  300 t o  392°F (150- 

200°C). These r e l a t i o n s h i p s  suggest  t h a t  t h e  Ascension waters  have n o t  been 
I 

hea ted  t o  tempera tures  above t h i s  range. 

The r e 1  a t i o n s h i p  betweerr a deep h i  gh- tempera ture  geothermal  r e s e r v o i r  and 

t h e  f l u i d s  sampled LDTGH mayv however, be more complex. We b e l i e v e  t h a t  t h e  

f l u i d s  sampled r e p r e s e n t  t h e  m i x i n g  o f  thermal  f l u i d s  w i t h  o t h e r  subsur face  

f l u i d s  p r i o r  t o  t h e  t i m e  t h e y  were sampled. However, s i n c e  we do n o t  know t h e  

compos i t i on  o f  t h e  m i x i n g  f l u i d s ,  t h e r e  a re  s e v e r a l  p o s s i b l e  scenar ios .  

F i g u r e  23 i l l u s t r a t e s  seve ra l  d i f f e r e n t  m i x i n g  models which c o u l d  e x p l a i n  t h e  

c h a r a c t e r i s t i c s  o f  t h e  h i g h - s a l i n i t y  samples. 

models f o r  t h e  l ow-sa l  i n i  t y  waters  here  because t h e  p r e d i c t e d  chalcedony 

tempera tu res  f a l l  s l i g h t l y  below t h e  measured tempera tu res  and thus  g i v e  no 

i n d i c a t i o n  o f  m i x i n g  a f t e r  h e a t i n g .  

We have n o t  cons ide red  m i x i n g  

I n  F i g u r e  23a we have assumed t h a t  t h e  p o s t u l a t e d  r e s e r v o i r  f l u i d  has 

mixed w i t h  c o l d  seawater w i t h  a t y p i c a l  ocean ic  s i l i c a  c o n c e n t r a t i o n  of 6.4 

ppm. T h i s  model p r e d i c t s  a tempera tu re  o f  536OF (280°C) f o r  t h e  r e s e r v o i r  

f l u i d  and t h a t  t h e  f l u i d  sampled i n  LDTGH was a mixed f l u i d  c o n s i s t i n g  o f  87% 

seawater. Chemical c o n c e n t r a t i o n s  o f  t h e  h y p o t h e t i c a l  536OF ( 2 8 O O C )  f l u i d  

c a l  c u l  a ted  u s i  ng t h e  p r e d i c t e d  seawater  f r a c t i o n  i n d i c a t e  t h a t  t h e  p o s t u l  a t e d  

r e s e r v o i r  wa te r  would be s t r o n g l y  d e f i c i e n t  i n  po tass ium and e n r i c h e d  i n  

magnesium, s u l f a t e  and f l u o r i n e  compared t o  waters  f rom Reykjanes. Thus t h i s  

model i s  n o t  l i k e l y .  Howeveic, t h e  r e s e r v o i r  f l u i d  c o u l d  have mixed w i t h  coo l  

seawater  t h a t  has an e l e v a t e d  s i l i c a  c o n t e n t .  A l though  coo l  wa te r  has n o t  

been sampled a t  Ascension I s l a n d ,  t h i s  i s  a reasonab le  assumpt ion because t h e  

aqueous c o n c e n t r a t i o n  o f  s i l i c a  i n  t h e  ocean i s  b i o l o g i c a l l y  c o n t r o l l e d  (Hem, I 
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Figure 23. Silica-enthalpy (temperature) mixing diagrams. For explanation 
see text. 
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1970). T h i s  c o n t r o l  would t: m o v e d  once seawater  m i g r a t e d  i n t o  an i s l a n d  

a q u i f e r .  A t  t h a t  p o i n t ,  s i l i c a  c o n c e n t r a t i o n  would be c o n t r o l l e d  by t h e  

d i s s o l u t i o n  r a t e  o f  amorphous s i l i c a ,  and c o u l d  have reached s a t u r a t i o n  w i t h  

r e s p e c t  t o  amorphous s i l i c a .  A model based on m i x i n g  cha lcedony-  o r  q u a r t z -  

s a t u r a t e d  f l u i d  w i t h  amorphous s i l i c a  s a t u r a t e d  f l u i d  i s  shown i n  F ig .  23b, 

and p r e d i c t s  a tempera tu re  o f  232 t o  356°F (111" t o  180°C) f o r  t h e  r e s e r v o i r  

f l u i d .  

The wors t  case e s t i m a t e  o f  r e s e r v o i r  t empera tu re  would be t h e  m i x i n g  o f  

seawater  w i t h  a d i l u t e  f l u i d ,  p r i o r  t o  h e a t i n g .  I n  t h i s  case, t h e  s i l i c a  

geothermometers i n  Tab le  6 p r o v i d e  t h e  b e s t  e s t i m a t e  o f  t h e  r e s e r v o i r  

t empera tu re  o f  232°F (111°C). 

Conc lus ions  

Chemical ana lyses  o f  water  samples f rom w e l l  LDTEiH i n d i c a t e  t h a t  t h e  

p o r t i o n s  o f  t h e  geothermal system p e n e t r a t e d  by t h e  w e l l  a re  s t r o n g l y  

s t r a t i f i e d .  F l u i d s  f rom t h e  upper p o r t i o n s  o f  t h e  w e l l ,  t o  depths o f  a t  l e a s t  

599 f t ,  a r e  r e l a t i v e l y  d i l u t e  and c h a r a c t e r i z e d  by t o t a l  d i s s o l v e d  s o l i d  

c o n t e n t s  o f  about  15,000 ppm. Waters a t  a depth  o f  625 f t  a re  more s a l i n e ,  up 

t o  32,000 ppm, and may have been d e r i v e d  f r o m  a geothermal r e s e r v o i r  whose 

tempera tu res  were up t o  1 1 1 ° C  and may have been as h i g h  as 302" t o  392°F (150" 

t o  2OOOC). 

t h a t  t hey  have been d e r i v e d  from seawater. 

Both  f l  u i d  t y p e s  d i  s p l  ay chemical  c h a r a c t e r i  s t i  cs which suggest  
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SUMMARY AND RECOMMENDATIONS 

The Phase I 1  geothermal e x p l o r a t i o n  o f  Ascension I s l a n d  has i n d i c a t e d  t h e  

e x i s t e n c e  o f  a geothermal system which may be of s u f f i c i e n t  q u a l i t y  t o  produce 

e l e c t r i c a l  power. We know t h a t  t h e  f l u i d  tempera tu re  a t  LDTGH i s  104OF (40°C) 

and have i n t e r p r e t e d  t h e  tempera tu re  l o g s  as demons t ra t i ng  some amount o f  

l a t e r a l  t r a n s p o r t  o f  t h e  f l u i d .  There does n o t  seem t o  be ev idence f o r  

t he rma l  u p w e l l i n g  i n  t h e  v i c i n i t y  o f  LDTGH as would be expec ted  i f  t h e  h o l e  

were d i r e c t l y  o v e r  a c o n v e c t i n g  hydro thermal  system. We a l s o  know t h a t  t h e  

f l u i d  sampled a t  LDTGH has seen tempera tu res  o f  a t  l e a s t  232°F ( l l l " C ) ,  and 

p o s s i b l y  as h i g h  as 392°F (20OoC). The p r i n c i p a l  problem i n  a r r i v i n g  a t  an 

a c c u r a t e  maximum tempera tu re  i s  t h a t  t h e  c h e m i s t r y  o f  any f l u i d s  which mixed 

w i t h  t h e  the rma l  f l u i d  i s  unknown. 

From a l l  t h e  da ta  c o l l e c t e d ,  we have a r r i v e d  a t  two p o s s i b l e  conceptua l  

models of t h e  geothermal system beneath Ascension I s l a n d .  These models a r e  

shown i n  F i g u r e  24. I n  F i g u r e  24a, a h igh - tempera tu re  geothermal system w i t h  

tempera tu res  up t o  392°F (2OOOC) r i s e s  t o  sea l e v e l  and then  moves l a t -  

e r a l l y .  As t h e  f l u i d s  move, t h e y  coo l  bo th  by conduc t ion  t o  t h e  s u r r o u n d i n g  

rock  and by m i x i n g  w i t h  m e t e o r i c  f l u i d s  and unheated sea wa te r .  A second 

p o s s i  b i  1 i t y  i s  shown i n  F i  gure  24b. T h i s  shows a h i  gh- tempera ture  geothermal 

c o n v e c t i o n  system which hea ts  t h e  o v e r l y i n g  f l u i d  zone by conduc t ion .  T h i s  

f l u i d  i s  heated t o  tempera tures  o f  a t  l e a s t  232°F (111°C). It a l s o  moves 

l a t e r a l l y  away f rom t h e  zone o f  g r e a t e s t  h e a t i n g  and i s  mixed w i t h  b o t h  

m e t e o r i c  waters  and sea water .  The h i g h e s t  tempera tures  i n  t h e  c e n t r a l  

p o r t i o n  o f  t h i s  system c o u l d  Teach 5OOOF (26OOC) o r  more. 

I n  o r d e r  t o  t e s t  t h e  deeper p o r t i o n s  o f  t h i s  geothermal system we 

recommend an a d d i t i o n a l  e l e c t r i c a l  r e s i s t i v i t y  survey  i n  t h e  area o f  M i d d l e t o n  

r i d g e .  T h i s  survey  w i l l  a l l o w  us t o  t a r g e t  a deep tempera tu re  g r a d i e n t  h o l e  
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Figure 24. Alternative conceptual models o f  the geothermal system 
beneath Ascension Island. 
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which w i l l  be d r i l l e d  t o  a depth o f  3000 t o  5000 ft (914 t o  1524 m )  t o  t e s t  

t h e  tempera tu re  and f l u i d  f l ow  c h a r a c t e r i s t i c s  of t h e  deeper p o r t i o n  of t h e  

geothermal system. The r e s u l t s  o f  t h i s  , h o l e  would a l l o w  a d e c i s i o n  t o  be made 

concern ing  t h e  d r i l l i n g  o f  

p l a n t  and e l e c t r i c a l  d i s t r  

p r o d u c t i o n  w e l l s  and t h e  development o f  a power 

b u t i o n  system. 
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