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GEOLOGIC FEATURES WITHIN THE GUAM SEASHORE STUDY AREA 

INTRODUCTION 

Scope of Work 

Th i s  r e p o r t  p rov ides  a n  overview of t h e  gene ra l  geo log ic  f e a t u r e s  
w i t h i n  t h e  proposed Guam Seashore Study Area (GSSA), l oca t ed  i n  t h e  
wes te rn  h a l f  of sou thern  Guam (Fig.  1 ) .  S p e c i f i c a l l y  t h e  gene ra l  
geo log i c  f e a t u r e s  i nc lude  t h e  p h y s i c a l  geography, geo log ic  success ion ,  
s t r u c t u r a l  geology, marine geology, economic geology, geo log ic  h i s t o r y ,  
s o i l s ,  and a b ib l iography  of p e r t i n e n t  l i t e r a t u r e .  Objec t ives  t o  be 
determined from t h e  overview a r e :  1 )  i d e n t i f y  and e v a l u a t e  s i g n i f i c a n t  
geo log i c  f e a t u r e s ,  2)  i n d i c a t e  any known problems r e l a t i n g  t o  t h e  pre- 
s e r v a t i o n  o r  p r o t e c t i o n  of s i g n i f i c a n t  geo log ic  f e a t u r e s ,  and 3 )  iden- 
t i f y  any unique geo log ic  f e a t u r e s  and r e l a t e  t h e i r  s i g n i f i c a n c e  t o  
known s i m i l a r  f e a t u r e s  e lsewhere i n  t h e  P a c i f i c  Basin reg ion .  

For t h e  most p a r t  t h i s  overview was summarized o r  taken,  i n  p a r t ,  
from a s e r i e s  of p u b l i c a t i o n s  r e s u l t i n g  from i n v e s t i g a t i o n s  conducted 
j o i n t l y  by t h e  Corps of Engineers ,  U. S. Army, and t h e  U. S. Geological  
Survey of  t h e  geology, s o i l s ,  and wate r  r e sou rce s  of Guam a s  fol lows:  

1) phys i ca l  geography -- Tracey e t  a l . ,  1959 and Tracey 
e t  a l . ,  1964; 

2 )  geo log ic  success ion  -- Tracey e t  a l . ,  1959; Tracey 
e t  a l . ,  1964; S t a r k ,  1963; Tracey and S t a rk ,  1963; 
and Schlanger ,  1964; 

3)  s t r u c t u r a l  geology -- Tracey e t  a l . ,  1959 and Tracey 
e t  a l . ,  1964; 

4) marine geology -- Emery, 1959 and Emery, 1962; 

5 )  economic geology -- Tracey e t  a l . ,  1964 and Randal l ,  1975; 

6) geolog ic  h i s t o r y  -- Tracey e t  a l . ,  1959 and Tracey e t  dm,  
1964; 

7 )  s o i l s  -- Stens land ,  1959ab and C a r r o l l  and Hathaway, 1963. 

Other c i t a t i o n s  a r e  g iven  i n  t h e  conten t  of t h e  r e p o r t ,  and t h e  
r e f e r e n c e s  of a l l  t h e  p u b l i c a t i o n s  reviewed a r e  l i s t e d  i n  t h e  b i b l i o -  
graphy 



GENERAL GEOGRAPHIC FEATURES OF GUAM 

Guam i s  t h e  l a r g e s t  and southermost  of t h e  f i f t e e n  sma l l  i s l a n d s  
t h a t  make up t h e  Mariana Arc. Agana, t h e  c a p i t a l  of Guam, is  l o c a t e d  
a t  l a t i t u d e  1 3 ~ 2 8 ' ~ .  and l ong i tude  1 4 4 ~ 4 5 ' ~ .  The i s l a n d  i s  30 m i l e s  
long ,  4  t o  11% mi le s  wide, and exc lud ing  r e e f s  i s  212 squa re  m i l e s  i n  
a r ea .  The no r the rn  h a l f  of Guam is  a  g e n t l y  undula t ing  l imes tone  
p l a t e a u  bordered along t h e  c o a s t  by c l i f f s  and s t e e p  s lopes .  The 
p l a t e a u  has an  a l t i t u d e  of more t han  600 f e e t  a t  t h e  n o r t h  end and l e s s  
t han  100 f e e t  near  t h e  middle  of  t h e  i s l a n d .  The l imes tone  p l a t eau l and  
i s  s o  permeable t h a t  no permanent s u r f a c e  dra inage  system of r i v e r s  o r  
s t reams  i s  developed on i t s  su r f ace .  

The sou thern  ha l f  of  Guam is  a  broad d i s s e c t e d  upland developed 
most ly  on vo l can i c  rocks .  The s u r f a c e  i s  weathered i n t o  peaks,  knobs, 
r i d g e s ,  and bas in - l i ke  a r e a s  and is deeply eroded by r i v e r s  and s t reams.  
A low cha in  of mountains, rang ing  i n  he igh t  from 1000 t o  1334 f e e t ,  
p a r a l l e l  t h e  west c o a s t  about 1 t o  2  m i l e s  in land .  Slopes  west  of t he  
mountain cha in  a r e  s t e e p  and a t  p l a c e s  g rade  i n t o  a  c o a s t a l  p l a i n  about 
300 f e e t  high. Slopes  e a s t  of t h e  mountain cha in  d i p  g e n t l y  eastward 
and merge i n t o  a  narrow l imes tone  p l a t e a u  a long  t h e  coas t .  Except 
f o r  a  few r i v e r  gaps t h a t  c u t  through the  l imes tone  p l a t e a u  from t h e  
i n t e r i o r  vo l can i c  uplands t h e r e  a r e  no permanent s t reams  developed 
upon i t s  su r f ace .  

GEOLOGIC SUCCESSION 

Is landwide Geologic Succession 

The column of rocks  exposed on Guam ranges i n  age  from La t e  
Eocene ( T e r i t a r y  b  of t h e  Indonesian l e t t e r  c l a s s i f i c a t i o n  of Vlerk and 
Dickerson, 1927) t o  Recent. The e a r l i e s t  rock  u n i t  i s  t h e  Alutom Formation 
of Eocene ( T e r t i a r y  b) and Oligocene ( T e r t i a r y  c )  age,  which forms t h e  
c e n t r a l  p a r t  of t h e  i s l a n d .  It c o n s i s t s  of a  sequence of wate r - la id  
t u f f aceous  s h a l e ,  sandstone,  and conglomerate;  l a v a  f lows  and blocky 
b r e c c i a s ;  and reworked t u f f -b r ecc i a  and conglomerate con t a in ing  f rag-  
ments of ree f -assoc ia ted  l imes tone .  The l imestone-bearing b r e c c i a  and 
t h e  Mahlac Member of t h e  Alutom Formation, composed most ly  o f  a  marine 
ca l ca r eous  s h a l e ,  a r e  of Oligocene ( T e r t i a r y  c )  age. 

The sou thern  p a r t  of t h e  i s l a n d  i s  formed most ly  of a  vo l can i c  
sequence of Miocene ( T e r t i a r y  e )  age,  named t h e  Umatac Formation. 
This  format ion comprises t h e  b a s a l  Facpi  Volcanic  Member, c o n s i s t i n g  
of p i l l o w  l avas ,  f low b r e c c i a ,  and t u f f aceous  s h a l e ;  t h e  Maemong 
Limestone Member, c o n s i s t i n g  of l e n s e s  bedded i n t o  t h e  upper p a r t  of 
t h e  Facpi ;  t h e  Bolanos P y r o c l a s t i c  member t h a t  o v e r l i e s  t h e  Facpi ,  
c o n s i s t i n g  of thick-bedded reworked t u f f  b r ecc i a  and v o l c a n i c  conglo- 
merate  con t a in ing  fragments of l imes tone  of t h e  Maemong Member; and t h e  



Dandan Flow Member, c o n s i s t i n g  of a n  upper cap of s c a t t e r e d  t h i n  l ava  
flow remnants. 

The Bonya Limestone of Miocene ( T e r t i a r y  f )  age o v e r l i e s  o l d e r  
vo l can i c  rocks  unconformably and i n  t u r n  i s  o v e r l a i n  by t h e  A l i f a n  
Limestone which now caps  t h e  h ighes t  mountains of  Guam. The lower 
p a r t  of t h e  A l i f a n  c o n t a i n s  a b a s a l  c layey  conglomerate,  t h e  Ta l i s ay  
Member of Miocene ( T e r t i a r y  g) age. I n  no r the rn  Guam reef -assoc ia ted  
l imestone equ iva l en t  t o  t h e  A l i f a n  is  p re sen t .  The c e n t r a l  p a r t  of 
t h e  n o r t h  p l a t e a u  i s  formed of a bank-type d e p o s i t  c a l l e d  t h e  Barr igada 
Limestone, of Miocene ( T e r t i a r y  g) age. Along t h e  e a s t  coas t  of t he  
no r th  p l a t e a u  a well-bedded g l o b i g e r i n i d  l imes tone  of Miocene ( T e r t i a r y  
g) age is c a l l e d  t h e  Janum Formation. Depos i t ion  of bo th  t h e  A l i f an  
and Barr igada Limestones pos s ib ly  l a s t e d  w e l l  i n t o  P l i ocene  t ime. 

The Mariana Limestone of P l iocene  and P l e i s t o c e n e  ( T e r t i a r y  h) 
age i s  t h e  youngest major format ion on t h e  i s l a n d .  It forms most of 
t h e  no r th  p l a t e a u ,  t h e  f r i n g i n g  l imestone p l a t eau l and  a long  t h e  e a s t  
coas t  of sou thern  Guam, and t h e  c l i f f e d  p l a t e a u  of Orote  Peninsu la .  
It comprises a p e r i p h e r a l  r ee f  f a c i e s  most ly  a long  t h e  present-day 
c l i f f s ;  a d e t r i t a l  f a c i e s  t h a t  was depos i t ed  p r i m a r i l y  i n  a lagoon i n  
back of  t h e  r e e f s ;  a molluscan f a c i e s  of f ine-gra ined  lagoonal-type 
l imestone r i c h  i n  mollusc s h e l l s ;  and a p e r i p h e r a l  f o r e r e e f  f a c i e s  of 
sandy t o  rubbly  l imes tone .  Much of t h e  Mariana Limestone near  i t s  
con t ac t  w i th  under ly ing  vo l can i c  rocks c o n t a i n s  c l ayey  contaminates.  
The clayey l imes tone  has  been des igna ted  t h e  Agana A r i g i l l a c e o u s  
Member of t h e  Mariana and i nc ludes  t h e  v a r i o u s  f a c i e s  recognized i n  
t h e  pure  Mariana Limestone. 

Merizo Limestone of Recent age i s  a low-lying l imestone,  mostly 
2 t o  5 f e e t  t h i c k ,  t h a t  forms s c a t t e r e d  d e p o s i t s  on t h e  present-day 
r e e f - f l a t  p l a t fo rms  and a long  t h e  s h o r e l i n e .  

Succession,  D i s t r i b u t i o n ,  and D e s c r i p t i o n  
of t h e  Rock Uni t s  Within t h e  GSSA 

A gene ra l i z ed  s t r a t i g r a p h i c  column of t h e  rocks  w i t h i n  t h e  GSSA 
is given i n  F igu re  2. R e l a t i v e  s t r a t i g r a p h i c  p o s i t i o n s  of t h e  va r ious  
rock u n i t s  a r e  shown i n  P r o f i l e s  D and E (Fig.  3) f o r  t h e  no r the rn  
and sou thern  p a r t s  of t h e  GSSA r e s p e c t i v e l y .  Su r f ace  d i s t r i b u t i o n  of 
t h e  exposed rock u n i t s  a r e  mapped i n  F igure  4. 

Volcanic Rocks 

The v o l c a n i c  rocks  of Guam c o n s i s t  of l a v a  f lows,  d ike s ,  and 
p y r o c l a s t i c  beds formed of o l i v i n e  b a s a l t ,  b a s a l t ,  hypersthene-bearing 
b a s a l t ,  s o d i c  t o  c a l c i c  a n d e s i t e ,  and hypers thene-bear ing andes i t e .  
They a r e  predominantly c o n t i n e n t a l  and belong t o  t h e  c i r cumpac i f i c  
province.  S imi l a r  v o l c a n i c  rocks a r e  found on t h e  nearby I s l and  o f '  



Saipan. A c l a s s i f i c a t i o n  of t h e  volcanics ,  according t o  t h e  co lor  index 
of t he  groundmass, shows t h e  Guam lavas  t o  be about 45 percent  mafic 
andes i t e ,  10 percent  medium andes i t e ,  and 45 percent  b a s a l t  and o l i v i n e  
b a s a l t .  Both a n d e s i t e  and b a s a l t  have hypersthene-bearing v a r i e t i e s .  

Ol iv ine  b a s a l t s  a r e  found i n  both t h e  Alutom and Umatac Formations, 
and a r e  e s p e c i a l l y  common i n  t h e  Facpi Member of t h e  l a t t e r .  Textures 
of the o l i v i n e  b a s a l t s  a r e  in t e rg ranu la r  t o  i n t e r s e r t i a l ,  genera l ly  
po rphyr i t i c ,  w i th  t r a c e s  of o p h i t i c  and subophi t ic  t e x t u r e s  commonly 
preserved. Color ranges from black when f r e s h  t o  va r ious  shades of 
gray, brown, and red  when weathered. Many of t h e  l ava  flows a r e  
weathered t o  a s o f t  c l a y d i k e  ma te r i a l  w i th  a mauve t i n t .  

The b a s a l t s  of Guam d i f f e r  from t h e  o l i v i n e  b a s a l t s  c h i e f l y  i n  
having l e s s  than 5 percent  o l iv ine .  These b a s a l t s  a r e  found i n  flows 
and r e l i c t  boulders  of t h e  Alutom and Umatac Formations. The t ex tu res  
of t h e  b a s a l t s  range from porphyr i t i c  t o  nonporphyri t ic  and commonly 
show t r a c e s  of o p h i t i c  and subophi t ic  p a t t e r n s .  Very small  ves i cu le s  
cha rac te r i ze  many of t h e  fine-grained b a s a l t s  and extend throughout 
some of the  d ikes  and flows. 

Hypersthene-bearing b a s a l t s  a r e  formed i n  flows and r e l i c t  boulders 
of t h e  Alutom and Umatac Formations. Except f o r  t h e  g r e a t e r  amount of 
hypersthene, t h e s e  rocks a r e  gene ra l ly  s i m i l a r  i n  t e x t u r e  and composi- 
t i o n  t o  t h e  o the r  b a s a l t s  of Guam. 

The c a l c i c  and sod ic  andes i t e s  of Guam a r e  fourid i n  r e l i c t  boulders 
of the  Alutom and Umatac Formations. Ca lc i c  a n d e s i t e s  predominate and 
grade i n t o  b a s a l t s .  I n  general ,  t h e  andes i t e s  a r e  l e s s  po rphyr i t i c  
than t h e  b a s a l t s ,  a l though a few flows con ta in  phenocrysts t o  8 mm i n  
l eng th  t h a t  form 40 percent  of t h e  rock. 

Hypersthene-bearing a n d e s i t e  is  found i n  flows and bdulders of t h e  
Dandan Flow Member of t h e  Umatac Formation. Except f o r  a n  inc rease  in  
orthorhombic pyroxene, hypersthene-bearing a n d e s i t e s  a r e  s i m i l a r  i n  
t e x t u r e  and composition t o  t h e  o the r  andes i t e s .  

P y r o c l a s t i c  sedimentary rocks of t h e  Alutom and Umatac Formations 
a r e  composed of fragments of rock and minera ls  and t h e i r  weathered 
products t h a t  a r e  s i m i l a r  i n  t e x t u r e  and composition t o  t h e  flows and 
dikes.  Sedimentary s t r u c t u r e s  and marine f o s s i l s  i n  most outcrops 
s i g n i f y  t o  t h e i r  submarine o r ig in .  Outcrops a r e  composed of water- 
l a i d  t u f f s  and tuf faceous  sha le s ,  tu f faceous  sandstones,  and pyro- 
c l a s t i c  conglomerates and b recc ia s  . 

The water- laid t u f f s  a r e  fine-grained f r i a b l e  t o  well-indurated 
py roc la s t i c s  of dust-sized p a r t i c l e s ,  presumably derived from sub- 
marine explosions. They grade ho r i zon ta l ly  and v e r t i c a l l y  i n t o  
tuffaceous s h a l e s  and sandstones. Tuffs  and s h a l e s  a r e  l i g h t  i n  co lor  
i n  most outcrops and range from dead white  through grays t o  dark gray. 
A l ight-green c o l o r  cha rac te r i zes  t h e  t u f f s  where s i l i c a ,  chalcedony, 



and quar tz  have been deposi ted by c i r c u l a t i n g  waters .  None of t h e  
outcrops a r e  completely f r e s h ,  and most show white  chalky clouding 
due t o  secondary development of c l ay  minerals.  

Tuffaceous sandstones d i f f e r  c h i e f l y  from t h e  t u f f s  and tuffaceous 
s h a l e s  i n  being coarser  grained and darker  i n  co lor .  They grade 
l a t e r a l l y  and v e r t i c a l l y  i n t o  one another .  With an increas ing  amount 
of black c r y s t a l  and rock fragments,  t h e  beds become black and cindery. 
The degree of indura t ion  ranges from beds which a r e  e a s i l y  crumbled i n  
t h e  hand t o  wel l  cemented sandstones. A s  wi th  t h e  t u f f s ,  t h e  more 
thoroughly s i l i c i f i e d  sandy beds a r e  green and range from l i g h t e r  
shades where s i l i c i f i c a t i o n  i s  s l i g h t  t o  dark $green f l i n t - l i k e  beds. 

Py roc la s t i c  conglomerates and b recc ia s  a r e  composed of l a p i l l i ,  
cobbles,  blocks, and boulders  which range i n  s i z e  from a f r a c t i o n  of 
an  inch  t o  seve ra l  f e e t  i n  diameter.  The f i n e  m a t e r i a l  of t h e  matr ix 
c o n s i s t s  of tuffaceous s h a l e  and sandstone. The coarse  fragments a r e  
s i m i l a r  i n  t e x t u r e  and composition t o  t h e  volcanic  rock types previously 
described.  

Mineralogy 

The e s s e n t i a l  minerals  of t h e  volcanic  rocks of Guam a r e  plagio- 
c l a s e ,  pyroxene, o l i v i n e ,  and quar tz .  Primary accessory minerals  a r e  
magneti te ,  hemati te  ( 1 ,  hornblende, b i o t i t e ,  and an a l k a l i  f e ldspa r .  
S i l i c a  minerals  such a s  qua r t z ,  chalcedony, t r idymi te ,  c r y s t o b a l i t e ,  
and opal  a r e  conspicuous i n  c a v i t i e s  and i n t e r s t i t i a l  i n  t h e  f ine-  
grained groundmass a s  l a t e  c r y s t a l i z a t i o n s  and replacements. Secondary 
and a l t e r a t i o n  minerals  a r e  c h l o r i t e ,  se rpent ine ,  c a l c i t e ,  pyroxene, 
z e o l i t e s ,  quar tz ,  chalcedony, i r o n  oxides,  and c lay  minerals .  

Alutom Formation 

Eocene volcanic  rocks of t he  Alutom Formation a r e  found a t  t h e  
no r th  end of t h e  GSSA where a smal l  exposure occurs on each s i d e  of 
t h e  southern mountain r idge .  The Alutom Formation is cha rac te r i zed  
by well-bedded, f ine-grained,  water- laid t u f f s  wi th  l e n s e s  t h a t  grade 
i n t o  sandstone. The t u f f s  con ta in  l a r g e  amounts of g l a s s  and p a r t i c l e s  
of p lag ioc lase ,  pyroxene, and magnetite.  Tuff p a r t i c l e s  a r e  cemented 
by both c a l c i t e  and s i l i c a .  Fresh t u f f  from d r i l l - h o l e s  i s  gene ra l ly  
cemented by c a l c i t e  and we l l  indura ted ,  although i n  outcrops  most of 
t h e  calcareous cement i s  leached out .  The formation a l s o  c o n s i s t s  
of about 10 percent  bas i c  l ava  flows and 20 percent  conglomerate beds 
ranging from coarse conglomerate wi th  blocks up t o  6 f e e t  i n  diameter 
t o  a l a p i l l i  py roc la s t i c  brecc ia .  Limestone fragments ranging from 
smal l  ch ips  and g ra ins  t o  blocks 2 f e e t  i n  diameter a r e  prominent i n  
some of t h e  l a p i l l i  conglomerate beds. 

In tense  weathering, ranging i n  depth from a few inches t o  40 f e e t ,  
cha rac te r i zes  su r face  outcrops. The weathered rock is  commonly red ,  
yellow, brown, and mauve i n  co lo r .  The Mahlac Member of t h e  Alutom 



i s  not  exposed wi th in  t h e  GSSA. 

~ m a t a c  Formation 

The Umatac Formation is made up of four  members: 

1 )  t h e  Facpi Volcanic Member, 
2 )  t h e  Maemong Limestone Member, 
3) t h e  Bolanos P y r o c l a s t i c  Member, and 
4)  t he  Dandan Flow Member. 

The bulk of t he  formation is made up of t h e  Facpi Volcanic and t h e  
Bolanos Pyroc la s t i c  Members. The r e l a t i v e  s t r a t i g r a p h i c  pos i t i ons  
of t h e  four  members of t h e  Umatac Formation a r e  shown i n  Figure 5. 

Facpi Volcanic Member -- The Facpi Volcanic Member i s  named f o r  
Facpi Po in t ,  where a t h i c k  s e c t i o n  of p i l low b a s a l t s  cu t  by d ikes  i s  
expbsed.   his member c o n s i s t s  of approximately 1400 f e e t  of bas i c  
l ava  flows and p i l low b a s a l t s  which include,  i n  t h e  v i c i n i t i e s  of 
Merizo and Umatac, beds of tuf faceous  limestone and pure  limestone 
15 t o  260 f e e t  th ick .  The b a s a l  flows crop out  along t h e  west coas t  
of Guam from a po in t  a t  t h e  extreme southern t i p  of t h e  i s l a n d ,  
approximately two mi les  e a s t  of Merizo, and continue northward through 
Facpi Poin t  t o  Taleyfac, where they overlap t h e  tuf faceous  s h a l e  of 
t h e  Alutom Formation. The l a v a  flows extend eastward from the  west 
coas t  and form t h e  major p a r t  of t h e  deeply weathered f o o t h i l l s  be- 
tween Mount Lamlam and t h e  sea .  

The lava  flows and d ikes  a r e  b a s a l t i c  and a n d e s t i c  i n  composition. 
E s s e n t i a l  minerals  a r e  p l ag ioc la se  f e ldspa r ,  pyroxene, and magnetite.  
Ol iv ine  i s  abundant i n  some outcrops; i n  o the r s  i t  is  absent  or  e n t i r e -  
l y  a l t e r e d  t o  serpent ine .  Ves icular  f i l l i n g s  and ve ins  of z e o l i t e  
and c a l c i t e  a r e  extremely abundant and g ive  a spo t t ed  wh i t e  appearance 
t o  flows and pi l low s t r u c t u r e s .  Quartz amygdules occur ,  but much 
l e s s  commonly than z e o l i t e  and c a l c i t e .  Glass is abundant i n  t h e  
groundmass. 

A l l  but  a few of t h e  flows show e l l i p s o i d a l  p i l l ow s t r u c t u r e s .  
The e l l i p s o i d s  range i n  shape from nea r ly  s p h e r i c a l  t o  elongated p i l -  
lows e i g h t  f e e t  long. I n  gene ra l  they average from 1 t o  3 f e e t  i n  
length  and approximately one t h i r d  of t h i s  i n  width. A few flows 
show columnar jo in t ing .  Many d ikes  1 inch  t o  6 f e e t  wide cu t  t he  
flows i n  t h e  v i c i n i t y  of Facpi  Poin t  and southward along t h e  coas t  
t o  Umatac. They commonly show we l l  developed banding p a r a l l e l ,  t o  t h e  
d ike  walls .  The bands range from 118 inch  t o  1 inch  i n  width and a r e  
due t o  i n c i p i e n t  j o i n t i n g  which i n  weathered outcrops g ives  t h e  rock 
a s t r a t i f i e d  appearance. The flows and interbedded p y r o c l a s t i c s  
appear t o  be nea r ly  ho r i zon ta l  but  tops  and bottoms of flows a r e  
obscured by veining and a l t e r a t i o n  between t h e  p i l lows ,  and by numerous 
j o i n t  and shear  zones. Gentle  eas t -nor theas ter ly  d i p s  a r e  found i n  the  



over ly ing  p y r o c l a s t i c  beds. A prominent normal f a u l t  a long t h e  south- 
west c o a s t  is downthrown t o  t h e  west .  

F l a t  marine benches exposed a t  low t i d e  border  t h e  c l i f f s  of p i l -  
low l a v a s  between Umatac and C e t t i  Bay. Glassy se lvages  around t h e  
e l l i p s o i d a l  p i l l ows  are more r e s i s t a n t  t o  e ros ion  and form r i m s  an  
inch  o r  l e s s  t h i c k  around the  p i l lows .  A t  low t i d e  t h e  bench becomes 
a s u r f a c e  of shal low bas in s  with g l a s s y  r i m s  surrounding more deeply 
eroded c e n t e r s  of t h e  e l l i p s o i d s .  

The p i l l ow  l a v a s  a r e  f r e s h e r  i n  c l i f f  s u r f a c e s  than  on t h e  deeply 
eroded uplands,  bu t  i n  no outc rops  a r e  they  e n t i r e l y  una l te red .  Most 
ou tc rops  a r e  weathered t o  r ed ,  brown, and yel low c l a y  rock e a s i l y  dug 
i n t o  w i th  a pick.  Even i n  t h e  most deeply weathered outc rops  t h e  out- 
l i n e s  of e l l i p s o i d a l  s t r u c t u r e s  a r e  preserved by d i f f e r e n c e s  i n  c o l o r  
due t o  weather ing between t h e  per iphery  and c e n t e r s  of t h e  p i l lows .  
I n  o the r  deeply weathered exposures a stockwork of z e o l i t e  ve ins  g i v e s  
t h e  rock t h e  appearance of a c l a s t i c  b r e c c i a  o r  conglomerate. Such 
outcrops  can commonly be t r aced  through g r a d a t i o n a l  s t a g e s  i n t o  unmis- 
t a k a b l e  l a v a  flows. The d ikes  a r e  t h e  l e a s t  a l t e r e d  igneous rock. 
Many a r e  hard ,  c r y s t a l l i n e ,  b lack  b a s a l t .  Others  show a l t e r a t i o n  along 
columnar j o i n t s  and along c l o s e l y  spaced i n c i p i e n t  j o i n t s  p a r a l l e l  t o  
t h e  d i k e  wal l s .  

MaemonqLimestone Member -- Within t h e  GSSA t h e  Maemong Limestone 
Member ou tc rops  along t h e  wes te rn  s l o p e s  of t h e  southern  mountain cha in  
where l imes tone  and t u f f  a r e  exposed i n  s t ream v a l l e y s .  I n  t h e s e  
v a l l e y s  t h e  Maemong Limestone is in te rbedded  wi th  t h e  Facpi  Volcanic 
Member. The l imes tone  and t u f f  of t h i s  a r e a  a r e  c a l l e d  a deep-water 
f a c i e s .  I n  t h e  v i c i n i t y  of t h e  Geus River  t h e  Maemong Limestone is  
approximately 260 f e e t  th ick .  

The deep-water f a c i e s  of t h e  Maemong Limestone Member ranges i n  
l i t h o l o g y  from gray,  f ine-grained,  raminated,  t u f f aceous  l imes tone  
conta in ing  only  tests of g l o b i g e r i n i d  Foraminifera  t o  thick-bedded, 
conglomerat ic  l imes tone  conta in ing  a l g a l ,  c o r a l ,  and fo ramin i f e r a1  
d e t r i t u s  i n  a ma t r ix  of r e c r y s t a l l i z e d  l imestone.  These thick-bedded 
d e p o s i t s  c o n t a i n  vo l can i c  d e t r i t u s  ranging i n  s i z e  from sand t o  rounded 
boulders  of b a s a l t .  The deep-water f a c i e s  i s  everywhere in te rbedded  
wi th  t h e  Facpi  Volcanic Member. These beds gene ra l l y  d i p  t o  t h e  e a s t  
5 t o  1 0  degrees ,  a l though some of t h e  beds of t h i s  f a c i e s  t h a t  were 
probably involved i n  f a u l t i n g  d i p  up t o  45 degress  t o  t h e  southwest.  

The deep-water f a c i e s  was formed, i m p a r t ,  i n  water  p o s s i b l y  as 
deep a s  3,000 f e e t ,  a s  i nd i ca t ed  by t h e  g l o b i g e r i n i d  fauna. The th ick-  
bedded conglomerat ic  beds of t h i s  f a c i e s  probably were l a i d  down a t  
i n t e rmed ia t e  depths  a s  an  of f - reef  depos i t .  The deep-water f a c i e s  
con ta in s  no c o r a l  heads i n  growth p o s i t i o n .  

Bolanos P y r o c l a s t i c  Member -- The Bolanos P y r o c l a s t i c  Member i s  
made up of water- la id  conglomerate, b r ecc i a ,  and sandstone and s h a l e  



beds. It is  h e r e  named f o r  t h e  t h i c k  s e c t i o n  forming t h e  upper 750 f e e t  
of Piount Bolanos. The member is d iv ided  i n t o  a conglomerate f a c i e s  and 
a sandstone-shale  f a c i e s .  These f a c i e s  are g r a d a t i o n a l  i n t o  each o t h e r  
i n  south-cent ra l  Guam wi th  t h e  conglomerate f a c i e s  gene ra l l y  under ly ing  
t h e  sandstone-shale f a c i e s .  Depos i t s  of t h e  Bolanos P y r o c l a s t i c  Member 
cover t h e  i n t e r i o r  mountain range and f l a n k i n g  uplands of southern  Guam, 
They extend from the  south  sho re  of t h e  i s l a n d  t o  Mount Jumullong Manglo 
and have p r o j e c t i o n s  i n t o  t h e  Fena bas in .  

The conglomerate f a c i e s  of t h e  Bolanos Member is  composed of sub- 
rounded t o  angular  rock fragments t h a t  range i n  s i z e  from coa r se  sand 
t o  boulders  s e v e r a l  f e e t  i n  diameter .  Gravel-size fragments predomin- 
a t e .  The l a r g e r  c o n s t i t u e n t s  a r e  embedded i n  a t u f f aceous  sandy matr ix .  
Near c r e s t s  of t h e  h ighe r  peaks t h e  water - la id  c h a r a c t e r  of t h i s  f a c i e s  
is shown by w e l l  developed s t r a t i f i c a t i o n ,  s o r t i n g ,  and rounding of 
fragments;  On t h e  sou th  coas t ,  oppos i t e  t h e  western t i p  of Agrigan 
I s l and ,  l a r g e  blocks of s t r a t i f i e d  t u f f aceous  s h a l e  from a few inches  
t o  s e v e r a l  f e e t  long c h a r a c t e r i z e  t h e  ou tc rop  of t h e  conglomerate 
f a c i e s .  The l a r g e  bulk of t h i s  f a c i e s ,  however, i s  composed of g r ave l  
and l a p i l l i  depos i ted  r a p i d l y  i n  water  w i th  only s l i g h t  evidence of  
reworking. Most of t h e  fragments are b a s a l t i c  i n  composition, a s  a r e  
t h e  v e s i c u l a r  and amygdaloidal p y r o c l a s t i c  l a v a  flows of t h e  underly- 
i ng  Facpi  Volcanic Member. Nearly a l l  ou tc rops  of t h e  conglomerate 
f a c i e s  of t h e  Bolanos Member a r e  c h a r a c t e r i z e d  by t h e  presence  of 
abundant l imes tone  fragments der ived  from t h e  Maemong Limestone Member. 
On top  of Mount Jumullong Manglo t h e  l imes tone  fragments a r e  widely 
d i spe r sed  and small .  The high peaks of Mounts Bolanos, Schroeder,  
Sasalaguan, and t h e  a s soc i a t ed  spu r s ,  which form t h e  d i s s e c t e d  c r e s t  
of t h e  c e n t r a l  mountain range, a r e  carved ou t  of the'  conglomerate 
f a c i e s  of t h e  Bolanos Member. 

Well s t r a t i f i e d  beds of t u f f aceous  s h a l e s  and sandstones near  
t he  c r e s t  of Bolanos and Sasalaguan Mountains s t r i k e  i n  a gene ra l  
north-northwester ly  direct i ion and d i p  from 5Oto l o 0  t o  t h e  east-north- 
e a s t .  

Many s u r f a c e  exposures of t h e  Bolanos Member a r e  s o  deeply and so  
i n t e n s e l y  weathered t h a t  t h e  o r i g i n a l  c h a r a c t e r  i s  obscured. On r i d g e s  
bo th  f i n e  and coa r se  p y r o c l a s t i c s  are a l t e r e d  t o  a r ed ,  yellow, and 
brown c l ay - l i ke  m a t e r i a l  i n  which no t r a c e  of primary s t r u c t u r e  i s  pre- 
served.  Ferruginous ve ins  and i r o n s t o n e  beds a r e  a common f e a t u r e  of 
t h i s  weathered rock. Such l a t e r i t i c  c l ay - l i ke  s u r f a c e s  c h a r a c t e r i z e  
h i l l t o p s  throughout t h e  vo l can i c  a r e a s  r e g a r d l e s s  of whether t h e  under- 
l y i n g  bedrock i s  a p y r o c l a s t i c  sediment o r  a l ava  flow. Recent ly  c u t  
s l o p e s  and s t ream beds expose t h e  b e s t  r e l i c t  s t r u c t u r e s .  The clay- 
l i k e  m a t e r i a l  i s  commonly p a l e  mauve and has  shadow r e l i c t s  of 
phenocrysts .  It probably i s  a weathered l a v a  flow. 

The base of t h e  member i s  taken t o  b e  at t h e  change from dominant 
flows of t h e  Facpi  t o  dominant p y r o c l a s t i c  conglomerate of t h e  Bolanos. 



Dandan Flow Member -- B a s a l t i c  l a v a  f lows cap sma l l  a r e a s  of 
Bolanos p y r o c l a s t i c s  on top  of Mount Bolanos and a r e  exposed i n  
i s o l a t e d  ou tc rops  on r i d g e s  e a s t  of Mount Jumullong Manglo and on 
high p o i n t s  of t h e  d i s s e c t e d  upland e a s t  of t h e  c e n t r a l  mountain 
range. The ex t ens ion  of t h e  flows over  a cons ide rab l e  a r e a  between 
Mount Bolanos and t h e  Dandan a r e a  is  i n d i c a t e d  by r e s i d u a l  boulders  
s c a t t e r e d  over  t he  d i s s e c t e d  a r e a  e a s t  of t h e  mountain range. The 
r e l i c t  boulders  range from a few inches  t o  20 f e e t  i n  diameter.  I n  
t he  d i s s e c t e d  uplands they  a r e  concent ra ted  i n  v a l l e y s  and basins .  

Many boulders  of t h e  Dandan Flow Member a r e  f r e s h  b a s a l t i c  rock 
composed e s s e n t i a l l y  of p l ag ioc l a se ,  pyroxene, magnet i te ,  and o l i v i n e .  
The o l i v i n e  i s  commonly completely a l t e r e d  t o  secondary s e rpen t ine .  
The f r e s h  rock  ranges i n  t e x t u r e  from f ine-  t o  medium-grained. 
Phenocrysts  a r e  always p re sen t .  Ves ic les  and mine ra l - f i l l ed  pores  
a r e  r e l a t i v e l y  s c a r c e ,  i n  sharp  c o n t r a s t  t o  t h e i r  occurrence i n  t h e  
Umatac flows. The r e s i d u a l  boulders  a r e  a s  f r e s h  a s  any igneous rock 
on Guam. Commonly they  have s h e l l s  1 t o  2 f e e t  t h i c k  of e x f o l i a t i o n  
and weather ing around a f r e s h  b a s a l t  c en t e r .  Outcrops of t h e  Dandan 
Flow Member a r e  i n  g e n e r a l  deeply weathered and show every grada t ion  
from f r e s h  rock  t o  s o f t ,  l i m o n i t i c ,  c lay- l ike  masses. 

The Dandan Flow Member is  separa ted  from beds of t h e  underlying 
Bolanos Conglomerate Member by a bed of b a s a l  f low b recc i a  up t o  1 0  
f e e t  t h i ck .  No vo lcan ic  u n i t s  younger than  t h e  Dandan Flow Member 
have been recognized. I n  t h e  Fena bas in  a r e a  nea r  Mount Almagosa 
t h e  Dandan Flow Member is  o v e r l a i n  by Bonya Limestone of T e r t i a r y  f  
age. The Dandan Flow Member i s  ass igned  t o  a l a t e  T e r t i a r y  e age 
on t h i s  b a s i s .  

Limestone Rocks 

A l l  t h e  l imes tone  on t h e  i s l a n d  had, a s  primary c o n s t i t u e n t s ,  
va r ious  combinations of c o r a l ,  c o r a l l i n e  a l g a e ,  Halimeda, Foraminifera ,  
molluscs,  ech inoids ,  minor amounts of worm tubes  and bryozoans, f i n e  
limemud, and v o l c a n i c  m a t e r i a l  i n  t h e  form of c l a y ,  s i n g l e  c r y s t a l s  
of v a r i o u s  minera l s ,  and rock fragments.  The l imes tones  a r e  c l a s s i f i e d  
i n t o  two main groups: i n c r u s t a t e  and p a r t i c u l a t e .  I n c r u s t a t e  lime- 
s tones  a r e  t h o s e  t h a t  have been b u i l t  predominantly by i n c r u s t i n g  o r  
a t t ached  organisms such a s  c o l o n i a l  c o r a l s ,  c o r a l l i n e  a lgae ,  and 
i n c r u s t i n g  Foraminifera .  P a r t i c u l a t e  l imes tones  are t h o s e  t h a t  have 
been formed by t h e  accumulation of i n d i v i d u a l  fo ramin i f e r a1  t e s t s  o r  
f ragmental  s k e l e t a l  d e b r i s .  A minor group i n c l u d e s  t h e  metasomatic 
l imestones i n  which replacement of a v a r i a b l e  amount of t h e  o r i g i n a l  
carbonate  has  taken  p l a c e  by dolomite,  s i l i c a ,  manganese, o r  phosphate. 

The Maemong Limestone Member of t h e  Umatac Formation was descr ibed  
as u n i t  wi th  t h e  vo l can i c  rocks.  



Bonya Limestone 

Northwest of t h e  Fena Reservoir  a few smal l  o u t l i e r s  of Bonya 
Limestone a r e  found i n  the v i c i n i t y  of t h e  Bonya River.  The th i cknes s  
of t h e  Bonya Limestone gene ra l l y  does n o t  exceed 120 f e e t .  The Bonya 
Limestone i s  a buff-white, pink,  brown, gray  o r  gray-black, porous t o  
dense, f r i a b l e  t o  indura ted ,  gene ra l l y  medium- t o  coarse-grained, 
c layey o r  v o l c a n i c a l l y  contaminated, f o s s i l i f e r o u s ,  d e t r i t a l  l imestone.  
It con ta in s  an abundance of Foraminifera  tests throughout and i n  p l aces  
i t  con ta in s  remains of c o r a l s ,  ca lcareous  a l g a e ,  and molluscs.  

The Bonya Limestone i s  medium- t o  thick-bedded, j o i n t e d  and f r ac -  
tu red  throughout ,  and is h o r i z o n t a l  o r  d i p s  a s  much a s  20°, gene ra l l y  
eastward. Caving and c o l l a p s e  have r e s u l t e d  i n  t h e  s c a t t e r i n g  of many 
boulders  and b locks  i n  t h e  s i n k s  and a long  s t reams i n  t h e  k a r s t  a r e a s .  
Arg i l laceous  contamination of t h e  Bonya i s  s u f f i c i e n t  t o  cause most of 
i t  t o  break unevenly and crumble e a s i l y .  

The Bonya Limestone, by i t s  f i e l d  r e l a t i o n s ,  t h i cknes s ,  l i t h o l o g y ,  
and fauna r e p r e s e n t s  a per iod of d e p o s i t i o n  i n a  r e l a t i v e l y  narrow but 
f a i r l y  deep bay o r  e s tua ry .  Benthonic f o r a m i n i f e r s  were abundant. 
Erosion seems t o  have been continuous du r ing  t h e  t ime  of depos i t i on ,  
judging from t h e  contamination of t h e  e n t i r e  formation by f i ne -  t o  
coarse-grained vo lcan i c  d e t r i t u s .  Likewise,  t h e  abundance of Bolanos 
and Maemong pebbles  and cobbles  i n  t h e  base  of t h e  Bonya i n  many p l a c e s  
i n d i c a t e s  a c e r t a i n  amount of contemporaneous e r o s i o n  of e a r l i e r  s ed i -  
ment s . 
Al i f an  Limestone 

The A l i f a n  Limestone caps t h e  southern  mountain c r e s t  from t h e  
v i c i n i t y  of Mount Lamlam northward t o  t h e  pa rk  boundary. A t  p l aces  
a long t h e  e a s t e r n  boundary of t h e  l imes tone  cap a marley conglomerate 
of t h e  Ta l i s ay  Member forms a narrow outcrop  between t h e  lower p a r t  of 
t h e  A l i f an  Limestone and o l d e r  under ly ing  v o l c a n i c  rocks.  

T a l i s a y  Member -- The Ta l i s ay  Member i n  t h e  Fena ba.sin c o n s i s t s  
of s e v e r a l  recognizable  s t r a t a  of d i s t i n c t i v e  l i t h o l o g y .  The lowest  
s t r a tum is  a h igh ly  weathered, p l a s t i c ,  c layey ,  r ed ,  yellow-brown, 
green,  and mot t led  red-green pebble- t o  boulder-sized conglomerate 
conta in ing  subangular  t o  rounded fragments of v o l c a n i c  t u f f  and 
v e s i c u l a r  and p o r p h y r i t i c  l a v a s  embedded i n  a f i n e  c l a y  matr ix .  The 
conglomerate pebbles  a r e  almost completely weathered t o  c lay .  Over- 
l y i n g  the  conglomerates a r e  mar l s  and c l ayey  c o r a l l i n e  rubb le s  of 
v a r i a b l e  s i z e  and composition, very  f o s s i l i f e r o u s  i n  p l aces ,  contain-  
i n g  fragments  of P o r i t e s ,  o the r  c o r a l s ,  and whole pelecypods and gas t ro -  
pods. I n  g e n e r a l  t h e  marls  a r e  more ca l ca reous  toward t h e  t o p  of t h e  
beds. The ma t r ix  of t he  c o r a l l i n e  rubb le  i s  a b e n t o n i t i c  c lay.  A 
h igh ly  p l a s t i c ,  green t o  white ,  marine-deposited c l a y  bed 1 t o  2 f e e t  
t h i c k  u n d e r l i e s  t h e  A l i f an  Limestone. The member i s  t h i c k e s t  i n  t h e  



west s i d e  of t h e  Fena River basin.  A 30-foot Ta l i say  s e c t i o n  below 
an o u t l i e r  of A l i f a n  Limestone c o n s i s t s  of marl over ly ing  volcanic 
conglomerate; t h e  lower contac t  is  concealed. 

The Tal i say  Member i s  th in-  t o  thick-bedded, f r ac tu red  and 
jo in t ed  i n  some outcrops,  and d ips  from o O t o  about 15' genera l ly  
toward t h e  e a s t  o r  sou theas t ,  a l though a t  one l o c a l i t y  i t  d ips  50° t o  
t h e  northwest.  

The Tal i say  Member appears  t o  be mostly a  near-shore depos i t  of 
c lay ,  conglomerate, and marl  derived i n  p a r t  from extens ive  subae r i a l  
weathering and e ros ion  of vo lcan ic  rocks. The formation b lankets  and 
obscures pre-exis t ing  topography. 

Al i fan  Limestone -- t h e  Al i f an  Limestone o v e r l i e s  t h e  Tal i say  
Member. On Mount Lamlam t h e  Al i f an  Limestone is  a massive, moderately 
hard, l i g h t  pink t o  red  d e t r i t a l  l imestone conta in ing  abundant branch- 
ing  P o r i t e s  and Acropora, and mollusc molds. These f o s s i l s  i n d i c a t e  
genera l ly  undisturbed lagoonal  depos i t ion .  

Maximum th ickness  of t h e  Al i f an  Limestone i s  more than 200 f e e t  
on Mount Almagosa. 

Mariana Limestone 

Mariana Limestones a r e  poorly represented i n  t h e  GSSA by a s ing le  
small  patch and a few rocky i s l e t s  along t h e  c o a s t a l  region.  Asgodao, 
Fofos, and Agrigan I s l e t s  loca ted  on the  f r i n g i n g  r ee f  p la t form along 
the  southern coas t  a r e  composed of t h e  r ee f  f a c i e s  of t h e  Mariana 
Limestone. The Agana Argi l laceous  Member of t h e  Mariana Limestone is 
represented by a  small  exposure along t h e  no r th  s i d e  of Achang Bay 
and a t  Facpi and Anae I s l ands .  

On t h e  small  c o a s t a l  i s l e t s  along t h e  southern shore  t h e  reef  
f a c i e s  of t h e  Mariana is  a white  cora l -a lga l  l imestone wi th  many of 
t h e  c o r a l s  i n  p o s i t i o n  of growth and cemented by a l g a l  c r u s t s .  The 
c o r a l  and a l g a l  remains a r e  w e l l  consol idated,  gene ra l ly  porous, and 
g r e a t l y  r e c r y s t a l l i z e d .  

The remaining exposures of Mariana Limestone a t  Achang Bay and 
on i s l e t s  along t h e  western coas t  a r e  of t he  Agana Argi l laceous  
Member. These l imestones conta in  som6 c l a y  disseminated through t h e  
rock, giving i t  a cream t o  pa le  yellow color  a t  p l aces ,  but  t h e  
genera l  l i t ho logy  i s  s i m i l a r  t o  t h a t  described f o r  t h e  reef  f a c i e s  
found i n  t h e  southern  c o a s t a l  i s l e t s .  

Merizo Limestone 

Merizo Limestone of Recent age i s  i n t e r m i t t e n t l y  d i s t r i b u t e d  along 
much of the  GSSA s h o r e l i n e  a s  a  narrow band, gene ra l ly  l e s s  than two 
meters i n  e l eva t ion  above mean sea  l e v e l .  Merizo Limestone a l s o  forms 



a narrow low-lying band along t h e  seaward s i d e  of Cocos Is land ,  and it 
e n t i r e l y  forms Babe I s l and  loca ted  on t h e  southern Cocos b a r r i e r  reef  
platform and many o t h e r  small  i s l e t s  and mushroom-shaped rocks on the  
f r ing ing  r e e f - f l a t  platforms.  

Exposures of t h e  Merizo Limestone show c l o s e l y  packed heads of 
c o r a l ,  many of which a r e  i n  p o s i t i o n  of growth. The co ra l s  arecemented 
i n  a  hard calcareous ma t r ix  t h a t  weathers away l eav ing  t h e  colonies  
s tanding out  i n  r e l i e f .  

The th ickness  of t h e  Merizo Limestone ranges from a t h i n  veneer 
on some of the  b a s a l t i c  benches t o  3 f e e t  o r  more. Most of t h e  pre- 
served patches cover p a r t s  of t h e  r e e f - f l a t  p la t forms and present  
beach l i n e .  

Radiocarbon d a t e s  of t he  Merizo Limestone range from about 3000 
t o  6000 yea r s  (Tracey -- e t  a l . ,  1964 and Easton -- e t  a l . ,  1978). 

PHYSICAL GEOGRAPHY 

Descr ip t ion  of t he  Physiographic 
Uni ts  Within the  GSSA 

The GSSA i s  bordered by t h e  Ph i l ipp ine  Sea and P a c i f i c  Ocean on 
t h e  west and south s i d e s  r e spec t ive ly  ( inc luding  small  i s l a n d s  on 
f r ing ing ,  patch,  and b a r r i e r  reef  p la t forms) ,  and by a  somewhat 
t e n t a t i v e  landward boundary t h a t  extends eastward from Anae Is land  
t o  the  Fena Reservoir  and then south t o  Ajayan Bay (Figs.  1 and 4). 

Within t h e  GSSA t h e  land i s  divided i n t o  a  number of physiographic 
u n i t s  a s  shown i n  Figure 6. I n  order  of l a r g e s t  a r e a  these  physio- 
graphic u n i t s  a re :  

1) the  mountainous land u n i t  which occupies t h e  s t eep  
s lopes  west of t h e  north-south t rending mountain r idge ,  

2 )  d i s sec t ed  s loping  and r o l l i n g  land t h a t  occupies 
t h e  more g e n t l e  s lopes  e a s t  of t h e  mountain r idge ,  

3 )  rough summit land t h a t  caps t h e  nor thern  p a r t  of 
t h e  mountain r i d g e ,  

4 )  c o a s t a l  lowland and v a l l e y  f l o o r  land t h a t  occurs  
discontinuously along the  coast  and pene t r a t e s  in land  a t  r i v e r  
v a l l e y s ,  and 

5) i n t e r i o r  bas in  and broken land loca ted  i n  a  s t ruc tu r -  
a l l y  depressed region  a t  the  nor theas t  corner  of t h e  GSSA. 



Mountainous Land 

Mountainous land forms a l l  t h e  rugged southwest p a r t  of Guam, 
except  where i t  i s  bordered i n t e r m i t t e n t l y  by s t r e t c h e s  of c o a s t a l  
lowland and v a l l e y  f l o o r  u n i t s .  The u n i t  comprlses most of t h e  a r e a  
w i t h i n  t h e  GSSA and inc ludes  the s t e e p  s l o p e s  of Mounts Jumullong 
Manglo, Bolanos, Schroeder,  and Finasantos .  The e a s t e r n  boundary i s  
less d i s t i n c t  where t h e  mountainous land merges w i th  d i s s e c t e d  r o l l -  
ing and s lop ing  land.  

The mountainous land inc ludes  both sharp  and r e l a t i v e l y  f l a t  
mountain summits bounded by long ,  i r r e g u l a r ,  s t e e p  t o  p r e c i p i t o u s  
s lopes .  Mounts Jumullong Manglo and Bolanos r e t a i n  a r e l a t i v e l y  f l a t  
remnant of an upper summit su r f ace .  Fa r the r  south  t he  summits of 
Mounts Schroeder and Sasalaguan a r e  more peaked and Mount F inasantos  
i s  sha rp  and spine- l ike.  Much of t h e  mountain land s u r f a c e  i s  d i s -  
s ec t ed  i n t o  V-shaped v a l l e y s  and sha rp -c re s t ed  r i dges .  Remnant f a u l t  
s c a r p s  form a complex p a t t e r n ,  bu t  a r e  q u i t e  eroded a t  most p l aces .  

The mountainous land ranges i n  e l e v a t i o n  from s e a  l e v e l  t o  1250 
f e e t  a t  Mount Jumullong Manglo. Relief of Mount Bolanos is 1220 f e e t ,  
Mount Sasalaguan 1110 f e e t ,  Mount Schroeder 1050 f e e t ,  and Mount 
F inasantos  820 f e e t .  Median e l e v a t i o n  of t h e  mountainous u n i t  is  
about  625 f e e t .  The sha rpes t  and most complex r e l i e f  is found i n  t h e  
v i c i n i t y  of t h e  Geus River  v a l l e y  and t h e  west s l o p e s  of Mount Bolanos, 
where i t  ranges  between 850 t o  900 f e e t  f o r  t h e  upper s l o p e s  and more 
t han  1000 f e e t  a t  p l aces  where s t reams a r e  deeply i nc i s ed .  A t  t h e  
very  southern  p a r t  of t h e  GSSA t h e  r e l i e f  is a more uniform 200 t o  
300 f e e t .  

Most s l opes  i n  t h e  mountainous land  a r e  s t e e p  t o  prec ip&tous .  
The p r i n c i p a l  o r  o v e r a l l  s l o p e  is uneven toward t h e  sou th  a s  evidenced 
by t h e  decreas ing  e l e v a t i o n  of t h e  mountain summits i n  t h a t  d i r e c t i o n .  
Secondary s l o p e s  f a c e  mostly east and west of t h e  north-south t r end ing  
mountain r i dge ,  w i th  those  on t h e  west being t h e  s t e e p e s t  i n  t h e  u n i t .  
T e r t i a r y  s lopes  formed by streams and f a u l t s  d i s s e c t  t h e  p r i n c i p a l  and 
secondary s lopes .  

The mountainous land is  developed upon t h e  vo l can i c  rocks  of t h e  
Umatac Formation. S o i l s  a r e  absen t  t o  50 o r  more f e e t  t h i c k ,  and 
ba re  rock  f a c e s  a r e  common on s t e e p  t o  p r e c i p i t o u s  s lopes .  Savanna 
v e g e t a t i o n  of g r a s se s ,  sc rub  bush, and s c a t t e r e d  t r e e s  is developed 
on r i d g e  c r e s t s ,  humps, and upper v a l l e y  s lopes ,  bu t  i n  r a v i n e s  i t  
is f o r e s t  w i th  tangled  undergrowth. Mic ro re l i e f  is smooth on c l ayey  
s u r f a c e s ,  p a r t i c u l a r l y  on g e n t l e  s lopes ,  bu t  may be  uneven and ab rup t  
where slump s c a r s  and g u l l i e s  are p re sen t .  Rough rocky and boulder- 
s t rewn s u r f a c e s  a r e  a l s o  p re sen t  here and there .  

The mountainous land  i s  dra ined  by many s t reams.  The s t e e p e r  
wes te rn  s l o p e s  of t h e  u n i t  cons&i-t~-e-a-~&L-elAr&mg-e-system, 
whereas the  more gent le  s lopes  t o  t he  e a s t  form a d e n d r i t i c  



p a t t e r n .  A number of smal l  and l a r g e  fresh-water s p r i n g s  flow from 
t h e  base of t h e  porous A l i f a n  Limestone where i t  o v e r l i e s  vo l can i c  
rocks.  Some of t he se  l a r g e r  s p r i n g s  a r e  t h e  headwaters of s t reams.  
Stream p r o f i l e s  a r e  s t e e p  a t  p l a c e s ,  and have average s l o p e s  ranging 
from 1 i n  4 t o  1 i n  7.  

The mountainous land was formed a s  a r e s u l t  of s t ream d i s s e c t i o n  
of s t r a t i f i e d  l ava  flows and t u f f s  r a i s e d  h igh  above t h e  s e a  l e v e l ,  
L i t t l e  remains of t h e  o r i g i n a l  s u r f a c e  of t h i s  u n i t  except  f o r  
pos s ib ly  p a r t  of t h e  d i s s e c t e d ,  s l i g h t l y  t i l t e d  summit s u r f a c e s  of 
Mounts Bolanos and Sasalaguan. 

Dissected Sloping and Ro l l i ng  Land 

Dissected s lop ing  and r o l l i n g  land  u n i t  occurs  i n  t h e  middle 
p a r t  of sou thern  Guam, and i s  r ep re sen t ed  by a smal l  a r e a  on t h e  
e a s t e r n  border  of GSSA. The u n i t  i nc ludes  t h e  r e l a t i v e l y  long, 
g radua l  e a s t e r n  s lopes  of t h e  mountainous land u n i t  t o  t h e  west ,  
Other than t h e  gen t ly  undula t ing  o r  r o l l i n g  topography, t h e  major 
landforms a r e  V-shaped s t ream v a l l e y s  c u t  below t h e  gene ra l  sur face .  
Maximum e l e v a t i o n  of t h e  u n i t  w i t h i n  t h e  GSSA ranges from about 660 
f e e t  a t  t he  e a s t e r n  s lope  of Mount Bolanos t o  350 f e e t  a t  t h e  e a s t e r n  
border  of t h e  park. Maximum r e l i e f  i n  t h e  u n i t  i s  about 310 f e e t  i n  
s t ream v a l l e y s  wi th  an average r e l i e f  ranging from 150 t o  200 f e e t ,  
The p r i n c i p a l  s l ope  of t h e  d i s s e c t e d  s lop ing  and r o l l i n g  land  i s  
s l i g h t l y  downward t o  t h e  e a s t .  Secondary s lopes  a r e  most ly  n o r t h  and 
south  from t h e  c r e s t s  of t h e  east-west t rending ,  r o l l i n g ,  and undulat-  
i n g  s u r f a c e  f e a t u r e s .  T e r t i a r y  s l o p e s  r e s u l t i n g  from stream dissec-  
t i o n  of t h e  primary and secondary s lopes  a r e  g e n t l e  t o  p r e c i p i t i o u s .  

The d i s sec t ed  s lop ing  and r o l l i n g  land i s  developed upon vo lcan i c  
rocks of t h e  Umatac Formation (Bolanos P y r o c l a s t i c  and Dandan Flow 
Menbers). S o i l s  a r e  t h i n  t o  absent  i n  b a r e  rock a r e a s ,  bu t  may be 
50 o r  more f e e t  t h i c k  on f l a t  o r  gent le-s loping land.  Savanna vegeta- 
t i o n  of g r a s se s ,  sc rub  brush,  and s c a t t e r e d  trees occupies  t h e  f l a t  
and gent le-s loping su r f aces ,  and f o r e s t  i s  developed i n  t h e  s t ream 
v a l l e y s .  The mic ro re l i e f  of t h e  s u r f a c e  i s  gene ra l l y  smooth and 
clayey wi th  s c a t t e r e d  pa tches  of l a r g e  boulders  and ba re  rock. Stream 
beds a r e  bouldery i n  p l a c e s  a s  w e l l .  

Drainage of t h e  d i s s e c t e d  s lop ing  and r o l l i n g  land  i s  by a net-  
work of s t reams t h a t  empty on t h e  e a s t  coas t  of t h e  i s l a n d .  Overa l l  
s l opes  of major r i v e r s  i n  t h e  a r e a  a r e  about 1 i n  30 t o  1 i n  50, bu t  
w i t h i n  t h e  GSSA t h e  s lopes  are f o r  t h e  most p a r t  s t e e p e r  and t h e  
r i v e r  s lopes  a r e  s l i g h t l y /  g r e a t e r .  Headwaters of most of t h e  s t reams 
i n  t h i s  u n i t  o r i g i n a t e  i n  the.mountainous land t o  t he  w e s t .  

The d i s sec t ed  s lop ing  and r o l l i n g  land was formed by s t ream 
e ros ion  of broad primary s l o p e s  beveled by succes s ive  advances and 
r e t r e a t s  of t h e  sea .  F a u l t s  and t i l t i n g  movements complicate  t h e  
flow of streams. Much of t h e  u n i t  may once have been covered by 



r e l a t i v e l y  t h i n  l imes tone  now removed by e ros ion .  

Rough Summit Land 

Th i s  phys iographic  u n i t  i s  l o c a t e d  i n  t h e  southwest p a r t  of Guam, 
i nc lud ing  t h e  summits of Mounts A l i f a n ,  Almagosa, and Lamlam and t h e  
a r e a  between and around t h e s e  peaks.  The u n i t  i s  e longa te  i n  a north-  
sou th  d i r e c t i o n  w i th  t h e  sou the rn  h a l f  w i th in  t h e  GSSA. 

Rough summit l and  i n c l u d e s  h igh  knobs, sharp  r i d g e s ,  i r r e g u l a r  
dep re s s ions  w i th  s t e e p  t o  v e r t i c a l  w a l l s ,  s c a r p s ,  and cone-shaped 
peaks.  The u n i t  has  a median e l e v a t i o n  of about 950 f e e t .  The sou thern  
p a r t  has  a maximum e l e v a t i o n  of 1334 f e e t ,  which is t h e  h ighes t  f o r  t h e  
i s l a n d .  The u n i t  s l o p e s  g r a d u a l l y  downward toward t h e  n o r t h  and has  
a maximum r e l i e f  of about 650 f e e t  i n  t h e  v i c i n i t y  of Mount Lamlam. 
Re l i e f  i n  t h i s  r eg ion  is  accen tua ted  by s t e e p  s l o p e s  and numerous 
s e p a r a t e  knobs, peaks,  sharp-edged r i d g e s ,  and s inkho le s .  

The rough summit l and  is developed e n t i r e l y  upon t h e  A l i f a n  
Limestone. S o i l s  a r e  a few cen t ime te r s  t h i c k  t o  absen t  over much of 
t h e  u n i t ,  but  l o c a l  accumulat ions  up t o  3 f e e t  o r  more may be  found 
i n  some low depress ions  o r  s i n k s .  Vege ta t ion  i s  very  heavy and con- 
sists of l a r g e  and sma l l  t r e e s ,  bushy undergrowth, and tang led  v ines .  
Some small pa t ches  of g r a s s l a n d  a r e  found i n  t h e  southernmost p a r t  of 
t h e  u n i t .  The m i c r o r e l i e f  of t h e  s u r f a c e  is  rough t o  jagged, boulder- 
s t rewn,  and g e n e r a l l y  rocky. Ta lu s  d e p o s i t s  a t  t h e  base of some s l o p e s  
and s c a r p s  may be up t o  3 f e e t  o r  more t h i ck .  . 

A l l  d r a inage  i n  t h e  rough summit l and  is  downward i n t o  t h e  porous 
under ly ing  l imes tone  r e s u l t i n g  i n  t h e  absence of s u r f a c e  s t reams  and 
r i v e r s .  During heavy r a i n s  sheetwash d e p o s i t s  a l l uv ium i n  dep re s s ions  
and s i n k s .  

The rough summit l and  has  been formed by s o l u t i o n  and r e c r y s t a l l i z a -  
t i o n  of a g r e a t l y  j o i n t e d  and f a u l t e d  l imes tone  format ion  o r i g i n a l l y  200 
t o  300 f e e t  t h i ck .  F a u l t  zones formed p r e f e r e n t i a l  subsu r f ace  ground- 
water channels ,  and extreme r e c r y s t a l l i z a t i o n  followed by e ro s ion  of 
a d j o i n i n g  masses of rock  r e s u l t e d  i n  t h e  development of sha rp  e longa t e  
r i d g e s  c h a r a c t e r i s t i c  of t h e  u n i t .  The rough summit l and  i s  a mature  
k a r s t  topography. 

Coas t a l  Lowland and Val ley F loo r  

Within t h e  GSSA most of t h e  c o a s t a l  lowland occurs  d i scont inu-  
ous ly  a long  t h e  c o a s t  and a t  p l a c e s  p e n e t r a t e s  i n l and  a s  v a l l e y  f l o o r  
l and  a t  t h e  S e l l a ,  C e t t i ,  La Su Fua, Umatac, Toguan, Geus, Sumay, and 
Liyog Rivers .  The un3t i nc ludes  low unconso l ida ted  t e r r a c e s  o r  f l a t  
l and ,  beaches,  low c o a s t a l  exposures  of r a i s e d  l imes tone ,  and v a l l e y  
f l o o r s .  Most of t h e  land  i s  r e l a t i v e l y  f l a t  w i th  l i t t l e  r e l i e f .  
Included a l s o  w i t h i n  t h i s  u n i t  a r e  Cocos I s l a n d  and Babe I s l a n d  on 
t h e  Cocos B a r r i e r  r ee f  and Asgadao, Fofos,  and o t h e r  low l imes tone  



i s l e t s  loca ted  on t h e  f r i n g i n g  r e e f - f l a t  platforms along t h e  southern 
coas t  . 

Elevat ions  i n  t h e  c o a s t a l  lowland and v a l l e y  f l o o r  u n i t  range 
from sea  l e v e l  up t o  about 45 f e e t  f o r  t h e  c o a s t a l  lowlands and t o  
50 f e e t  f o r  some of t h e  v a l l e y  f l o o r s .  The p r l n c i p a l  s lope  of t h e  
c o a s t a l  lowland and v a l l e y  f l o o r  u n i t  is gen t ly  seaward, Beaches i n  
t h e  u n i t  have average foreshore  s lopes  of about 1 i n  7.  

The c o a s t a l  lowland and v a l l e y  f l o o r  u n i t  is developed upon 
exposures of alluvium, beach sands, and Mariana and Merizo Limestones. 
S o i l s  a r e  t h i n  over beach sands, gene ra l ly  t h i n  t o  absent  over lime- 
s tone  lowland, and gene ra l ly  t h i c k  and mucky o r  marshy i n  v a l l e y  f l o o r s .  
Vegetation i s  c leared  i n  some of t h e  lowland and fo res t ed  a t  o the r  
p laces .  Sca t t e red  coconut palms and o t h e r  s t r and  vegeta t ion  i s  
developed along most of t h e  beaches and low c o a s t a l  exposures of lime- 
s tone .  Mangrove swamp occurs  a t  t h e  mouth of t he  Geus River and along 
t h e  c o a s t a l  reg ion  bordering t h e  Manell Channel. Swamps a l s o  occur 
along p a r t s  of some r i v e r  v a l l e y s ,  and grassy  marshes wi th  s c a t t e r e d  
t r e e s  a r e  found a t  p laces  where wide s t r e t c h e s  of c o a s t a l  lowland a r e  
found a t  t h e  nor thern  end of t h e  park and along t h e  southern p a r t  
bordering Cocos Lagoon. Surface mic ro re l i e f  i s  smooth and sandy a t  
beaches; sandy t o  muddy i n  lowlands; and rough, rocky, boulder-strewn, 
and pinnacled where limestones a r e  exposed. Valley f l o o r s  a r e  gene ra l ly  
smooth and clayey. 

Drainage a t  beaches and on l imestones i s  by pe rco la t ion  downward 
i n t o  t h e  rock. I n  r a iny  weather marshy and swampy c o a s t a l  lowland 
land may accumulate s tanding water  a few inches  deep. Valley f l o o r s  
a r e  p a r t i a l l y  drained by t h e i r  r i v e r s  and streams,  but swampy regions  
may have s tanding  water up t o  3 f e e t  deep a t  p laces  during the  r a iny  
season. 

Valley f l o o r s  have developed as a r e s u l t  of f i l l i n g  i n  of o lde r  deep 
v a l l e y s  wi th  alluvum t ranspor ted  by s treams.  Coastal  lowlands have 
been formed of s t ream alluvium i n  p laces ,  but  i n  many l o c a t i o n s  i t  has 
been mixed wi th  sand from t h e  shore l ine .  Beaches have developed 
l a r g e l y  by depos i t s  thrown upon t h e  shore  by waves. Some lowland 
has been beveled by waves o r  r e s u l t e d  from ree f  depos i t s  assoc ia ted  
wi th  previous higher  s tands  of t h e  sea .  

I n t e r i o r  Basin and Broken Land 

The i n t e r i o r  bas in  and broken land occurs  e n t i r e l y  i n  south  
c e n t r a l  Guam. A small  a r ea  of t h i s  u n i t  occurs  i n  the  nor theas t  
corner  of t h e  GSSA. Th.e u n i t  inc ludes  k a r s t  topography, many small  
con ica l  hills, an impounded water body (Fena Reservoi r ) ,  some d i s sec t ed  
s loping  land and deeply eroded stream v a l l e y s ,  numerous scarps ,  some 
gent ly  undulat ing land i n  t h e  bottom of t h e  bas in ,  and many small  
va l l ey  f l o o r s  . 



Eleva t ions  w i t h i n  t h e  GSSA range from about 100 t o  420 f e e t .  
Re l ie f  of t h e  d i s s e c t e d  s lopes  west of Fena Reservoir  is  about ZOO 
f e e t ,  and t o  t h e  sou th  where t h e  u n i t  a d j o i n s  t h e  d i s sec t ed  s lop ing  
and r o l l i n g  land  t h e  r e l i e f  i s  g e n e r a l l y  less. Rel ie f  i s  l e a s t  i n  
t h e  northwestern reg ion  where low h i l l s  a r e  g e n e r a l l y  l e s s  than 40 
f e e t  high.  The p r i n c i p a l  s l o p e  of t h e  i n t e r i o r  ba s in  and broken land 
i s  s l i g h t l y  southeastward. Secondary s l o p e s  a r e  g e n t l e  t o  s t e e p  and 
i n c l i n e d  t o  t h e  e a s t  and n o r t h e a s t  toward t h e  c e n t e r  of t h e  bas in .  
T e r t i a r y  s l o p e s  a r e  g e n t l e  t o  p r e c i p i t o u s ,  wi th  a  high propor t ion  
of t h e  l a t t e r  because of t h e  many s c a r p s  and small  s t e e p  h i l l s .  

I n t e r i o r  ba s in  and broken land is  developed upon exposures of t h e  
vo l can i c  rocks  of t h e  Alutom and Umatac Formations, Bonya Limestone, 
A l i f an  Limestone, T a l i s a y  Member of t he  A l i f an ,  and alluvium. S o i l s  
a r e  absent  t o  many f e e t  t h i ck .  Vegetat ion on t h e  per imeter  s l o p e s  of 
t h e  u n i t  is l a r g e l y  grassy  w i th  some pa t ches  of f o r e s t  growth. With- 
i n  t h e  lower p a r t s  of t h e  bas in  t h i c k  f o r e s t  w i t h  heav i ly  tangled  
undergrowth predominates.  Marshes and swamps a r e  a l s o  common i n  t h e  
lower bas in .  Mic ro re l i e f  i s  smooth on t h e  c layey  land of g e n t l e  s l o p e s  
and v a l l e y  f l o o r s ;  uneven and abrupt  where slumps s c a r s  and g u l l i e s  a r e  
p re sen t ;  rough t o  jagged, boulder-strewn, and rocky where l imes tones  
a r e  exposed; and muddy where marshes and swamps a r e  p re sen t .  Talus  
s l o p e s  of c l a y  and l imes tone  boulders  a r e  common. 

The i n t e r i o r  ba s in  and broken land i s  u l t i m a t e l y  drained by 
s u r f a c e  s t reams,  bu t  t h e  u n i t  a l s o  i n c l u d e s  some l imestone exposures 
where runoff  does no t  occur.  Streams w i t h i n  t h e  GSSA a r e  p a r t  of an 
o v e r a l l  l a r g e r  c e n t r i p e t a l  d ra inage  network t h a t  j o i n  a  d e n d r i t i c  ne t -  
work e a s t  of  t h e  Fena Reservoir .  Flooding of low a r e a s  i n  bas in s  occurs  
f r equen t ly  i n  t h e  r a i n y  season. 

The i n t e r i o r  ba s in  and broken land  is  a s t r u c t u r a l  depress ion  t h a t  
has  been f looded  by t h e  ocean s e v e r a l  t imes  dur ing  t h e  geologic  h i s t o r y  
of s o u t h  Guam. E s t u a r i e s  reaching  f a r  i n l and  have permit ted t h e  de- 
p o s i t i o n  of t h e  v a r i o u s  l imestone formations.  Upon emergence t h e s e  
l imes tones  were eroded i n t o  t h e  h i l l y ,  knobby, and k a r s t  topography 
t h a t  i s  now s o  c h a r a c t e r i s t i c  of t h e  a r ea .  

STRUCTURAL GEOLOGY 

S t r u c t u r a l  Provinces  and Major F a u l t s  

The l imes tone  p l a t e a u  of no r the rn  Guam, t h e  fo lded  Eocene vo lcan i c  
rocks of  c e n t r a l  Guam, and Miocene vo lcan i c  rocks  of southern  Guam form 
t h e  t h r e e  major s t r u c t u r a l  provinces  of  Guam. Each of t he se  s t r u c t u r a l  
p rovinces  c o n s i s t s  of s e v e r a l  blocks s epa ra t ed  by major f a u l t  zones 
(Fig. 7) .  

The bu lk  of the land a r e a  w i th in  the GSSA l ies  i n  t h e  Bolanos 
block which is bounded by t h e  Ta lofofo  f a u l t  zone on the n o r t h  and by 



t h e  Cocos f a u l t  on t h e  sou th .  The Cocos b lock  forms t h e  t r i a n g u l a r -  
shaped b a r r i e r  r ee f  and enc losed  lagoon a t  t he  southwest co rne r  of 
t h e  park.  The Cocos r e e f  and lagoon a r e  thought t o  have grown on a 
basement of t h e  Umatac Formation. The shape of t h e  r ee f  suppo r t s  
t h e  i d e a  t h a t  a b lock  of t h e  Umatac Formation dropped a long  a f a u l t  
which s t r i k e s  almost p a r a l l e l  t o  t h e  Ta lofofo  f a u l t  zone and t h e  
Adelup f a u l t .  The Ta lofofo  f a u l t  zone a t  t h e  n o r t h e r n  boundary of 
t h e  Bolamos block l i e s  j u s t  o u t s i d e  of t h e  GSSA. 

Minor F a u l t s  and Other  S t r u c t u r a l  Fea tu re s  

Within t he  GSSA, normal f a u l t s  and minor f o l d s  a r e  found i n  
Miocene vo l can i c  rocks  and normal f a u l t s  a r e  found i n  l imes tones  of 
Miocene age. Prominent j o i n t  zones and s t r u c t u r a l  brehks a r e  w e l l  
developed i n  both l imes tones  and v o l c a n i c  rocks.  The j o i n t  zones 
i n  l imes tones  a r e  c h a r a c t e r i z e d  by p a r a l l e l ,  narrow, deep f i s s u r e s ,  
between which have developed e longa ted  s p i n e s  and r i d g e s .  Such 
s p i n e s  and r i d g e s  a r e  e s p e c i a l l y  w e l l  developed i n  t h e  A l i f a n  Lime- 
s t one  which caps t h e  sou the rn  mountain chain.  The v o l c a n i c  rocks  
a r e  c u t  by s t r u c t u r a l  b reaks  which show e i t h e r  a s  a s e r i e s  of knobs 
and r i d g e s  c u t t i n g  a c r o s s  topographic  t r e n d s  o r  a s  long ,  s t r a i g h t  
a l ignments  i n  o therwise  normal t e r r a i n .  Drainage p a t t e r n s  a r e  
determined, i n  p l a c e s ,  by t h e s e  l i n e s ,  a s  a r e  va l ley-wal l  a l ignments .  
Minor movement a long  t h e s e  j o i n t  zones and breaks  may have occurred,  
but  s i g n i f i c a n t  s t r a t i g r a p h i c  displacement  is  no t  ev iden t .  

F a u l t  zones,  j o i n t s ,  b reaks ,  and o t h e r  s t r u c t u r a l  f e a t u r e s  with- 
i n  t h e  GSSA a r e  shown i n  t h e  geo log ic  map (Fig.  4)  and t h e  engineer-  
i ng  geology map (Fig.  8 ) .  

MARINE GEOLOGY 

Submarine Topography 

Ove ra l l  submarine s l o p e s  o f f  t h e  southwestern and sou the rn  c o a s t s  
a r e  s t e e p  and complex compared t o  t h e  g e n t l e  s l o p e s  o f f  t h e  e a s t  c o a s t .  
Those on t h e  e a s t  c o a s t  have average s l o p e s  of about 4' t o  t h e  6000- 
f o o t  depth contour ,  whereas o f f  t h e  sou th  and southwest  c o a s t s  t h e  
s l o p e s  average 14%' t o  t h e  same dep th  contour .  

Upper submarine s l o p e s  a r e  known i n  more d e t a i l  from a series of 
40 p r o f i l e s  made around t h e  i s l a n d  by Emery (1962). E igh t  of t h e s e  
p r o f i l e s  ( p r o f i l e s  31-38) were made o f f s h o r e  from t h e  c o a s t a l  r eg ion  
of t h e  GSSA. P r o f i l e  31  ex tends  o f f s h o r e  a s h o r t  d i s t a n c e  e a s t  of 
Manell Channel, p r o f i l e  32 ex tends  o f f s h o r e  from t h e  e a s t e r n  t i p  of 
Cocos I s l a n d ,  P r o f i l e  33 ex tends  o f f s h o r e  of t h e  wes te rn  t i p  of Cocos 
b a r r i e r  r e e f ,  p r o f i l e  34 ex tends  o f f s h o r e  midway a long  t h e  n o r t h e r n  
Cocos b a r r i e r  r e e f ,  p r o f i l e  35 ex tends  o f f s h o r e  from Mamaon Channel, 
p r o f i l e  36 extends o f f s h o r e  from Umatac Bay, p r o f i l e  37 ex tends  o f f -  
sho re  from S e l l a  Bay, and p r o f i l e  38 extends o f f s h o r e  from Facpi  Po in t .  



Four submarine t e r r a c e s  a t  mean dep ths  of 55, 105, 195, and 315 f e e t  
were recognized from t h e  e i g h t  p r o f i l e s .  The sha l lowes t  t e r r a c e  a t  
55 f e e t  was found i n  p r o f i l e s  31, 32, 35, 36, and 37; t h e  second 
deepes t  a t  105 f e e t  was found i n  p r o f i l e s  33, 34, 37, and 38; t h e  
t h i r d  deepes t  a t  195 f e e t  was found i n  p r o f i l e s  31, 32, 34, 35, and 
36;  and t h e  deepes t  t e r r a c e  a t  315 f e e t  was found i n  p r o f i l e s  31 and 
33. ~ m e r y ' s  p r o f i l e s  do no t  show t e r r a c e s  sha l lower  than 55 f e e t  
because of t h e  l i m i t a t i o n s  of t h e  sounding v e s s e l  t o  ope ra t e  i n  
sha l lower  i n s h o r e  wate rs .  The 55- and 315-foot submarine t e r r a c e s  
a r e  f a i r l y  common i n  o t h e r  p a r t s  of t h e  world,  bu t  t h e  105- and 195- 
foo t  t e r r a c e s  a r e  l e s s  known a t  o t h e r  l o c a t i o n s .  

Sediments 

Genera l ized  c h a r t s  of t h e  P a c i f i c  Ocean f l o o r  i n  t he  v i c i n i t y  
of Guam show t h a t  sediments  c o n s i s t  of  e i t h e r  c o r a l  mud and sand o r  
v o l c a n i c  mud and sand,  both of  which g rade  downward and outward i n t o  
Globiger ina  ooze,  which i n  t u r n  g r ades  i n t o  r a d i o l a r e a n  ooze and red 
c l a y  a t  ve ry  g r e a t  dep th  (Murray and Renard, 1891; Hanzawa, 1928; 
Reve l le ,  1944).  More s p e c i f i c a l l y ,  bottom samples around t h e  i s l a n d  
s l o p e s  show t h a t  r e e f  d e b r i s  i s  r e s t r i c t e d  t o  dep ths  less than  3000 
f e e t .  A t  g r e a t e r  dep th  and d i s t a n c e  from sho re  t h e  sediment is 
Globiger ina  ooze. 

I n  composition, most bottom samples ranging i n  depth from 27 t o  
1170 f e e t  c o n t a i n  Halimeda segments, e n c r u s t i n g  red  a lgae ,  and c o r a l  
fragments.  S ince  t h e s e  organisms l i v e  on ly  i n  t h e  pho tosyn the t i c  
zone t h e i r  p resence  i n  t h e  deeper  samples i n d i c a t e  a  reworking o r  
movement of t h e s e  sediments downslope i n t o  deeper water .   ora am in if era, 
f ragments  of mollusc s h e l l s ,  e ch ino id  s p i n e s ,  sponge s p i c u l e s ,  p te ropods ,  
and f i n e  t o  coa r se  sand and s i l t  a l s o  occur  i n  most samples, bu t  t h e s e  
a r e  less d e f i n i t e l y  r e s t r i c t e d  t o  sha l low r e e f  a r e a s .  The i n s o l u b l e  
r e s i d u e s  of  t h e  samples c o n s i s t  c h i e f l y  of s i l t s  and c l a y s  from 
weathered vo l can i c  rocks  and a  few g r a i n s  of f e l d s p a r  and o l i v i n e .  

Reefs  

The s h o r e l i n e  a long t h e  wes te rn  and sou the rn  c o a s t s  of t h e  GSSA i s  
bordered by f r i n g i n g  r e e f s  of  v a r i o u s  wid ths  and r e e f - l i k e  vo l can i c  
p la t forms .  A t r i a n g u l a r  b a r r i e r  r e e f  enc lo se s  a  sha l low lagoon a t  t h e  
southwest  co rne r  of t h e  pa rk  and a  pa t ch  r e e f  w i th  a  l imestone i s l e t  
on i t s  s u r f a c e  l i es  a s h o r t  d i s t a n c e  o f f s h o r e  a t  t h e  no r the rn  end 
(Fig.  4 ) .  Regardless  of t h e  type  of  r e e f  o r  p la t form p r e s e n t ,  most 
s u b t i d a l  p a r t s  a r e  covered w i th  a  v a r i e t y  of c o r a l s ,  ben th i c  a l g a e ,  
and o t h e r  r ee f - a s soc i a t ed  organisms. A t  some l o c a t i o n s  r ee f  develop- 
ment is exceeding e ro s ion  and t h e  p l a t fo rms  a r e  growing seaward, w h i l e  
a t  o t h e r  p l a c e s  e r o s i o n  is predominant. Reef development i s  i n t e r -  
m i t t e n t  and i n c o n s i s t e n t  a long  t h i s  reg ion .  Many of t h e  r e e f - f l a t  
p l a t fo rms  a r e  exposed dur ing  low t i d e s  and l a c k  c o r a l  growth. The 
s u b t i d a l  r e e f  f r o n t  and sha l low submarine t e r r a c e  zones show cons ider -  
a b l e  evidence of r ee f  growth and development, bu t  a t  o t h e r  p l a c e s ,  



t h e s e  same zones a r e  r ep re sen t ed  by o l d e r  e r o s i o n  s u r f a c e s  w i t h  a 
veneer ing  c o r a l  community t ype  of development. Reef growth and 
development is. a l s o  somewhat i n f l uenced  by t he  numerous r i v e r s  t h a t  
t r a n s p o r t  s i l t ,  mud, sand,  g r a v e l ,  and organ ic  d e b r i s  t o  t h e  f r i n g -  
i ng  r ee f  p la t forms  and i n s h o r e  wate r  mass a long  t h i s  p a r t  of ~ u a m ' s  
c o a s t .  The f r i n g i n g  r e e f  p l a t fo rms  a r e  c u t  p a r t i a l l y  t o  completely 
through by channe ls  a t  many of t h e  r i v e r  mouths. 

Fr ing ing  ReefsAlong t h e  West Coast -- Along t h e  wes t e rn  coas t  of 
t h e  GSSA the  shal low f r i n g i n g  p l a t fo rms  a r e  f o r  t h e  most p a r t  t r unca t ed  
vo l can i c  rocks wi th  an o u t e r  f r i n g e  of r ee f  l imestone.  Here and t h e r e  
r ee f  growth completely venee r s  t h e  vo l can i c  p la t form,  and a t  a few 
p l a c e s  t h e  e n t i r e  p l a t fo rm c o n s i s t s  of t r unca t ed  v o l c a n i c  rock. 
B a s a l t i c  i n l i e r s  p ro t rude  through t h e  l imestone a t  p l a c e s ,  and near  
t h e  con t ac t  rounded v o l c a n i c  boulders  and grave l - s ized  sediments  a r e  
incorpora ted  i n t o  t h e  l imes tone  mat r ix .  B a s a l t i c  s e a  s t a c k s  occur  on 
t h e  p l a t fo rms  a t  S e l l a  and Fouha Bays. Numerous d i k e s  c u t  t h e  b a s a l t i c  
p la t forms  along t h i s  p a r t  of t h e  coas t .  A t  p l a c e s ,  t h e  d i k e s  a r e  
t r unca t ed  t o  t h e  same g e n e r a l  l e v e l  a s  t h e  p la t form,  but  a t  o t h e r  
sites they s tand  up i n  r e l i e f  from a few inches  t o  5 o r  6 f e e t .  A t  
t h e  o u t e r  edge of t h e  sha l low f r i n g i n g  p l a t fo rm t h e  wave-washed r ee f  
margin zone u s u a l l y  l a c k s  a l g a l  r i d g e  development, bu t  a t  p l a c e s  is  
r e g u l a r l y  c u t  by s h o r t  s u r g e  channels .  Where t h e  o u t e r  edge of t h e  
p l a t fo rm c o n s i s t s  e n t i r e l y  of  vo l can i c  rock,  t h e  margin i s  g e n e r a l l y  
c u t  by i r r e g u l a r  c r acks  and f i s s u r e s ,  and a t  p l a c e s  l a r g e  r e e n t r y  
channels  a r e  eroded i n t o  t h e  p la t form.  

Along much of t h e  wes t e rn  c o a s t  t h e  submarine topography of  t h e  
deeper fo r e r ee f  zones  r e f l e c t  t h e  o v e r a l l  gene ra l  s l o p e  and topography 
of t h e  border ing  c o a s t a l  mountain v a l l e y s  and r i dges .  The presence  
of b u t t r e s s  and channel  development, p innac l e s ,  knobs, and mounds i n  
t h e  shal low r ee f  f r o n t  zone and on t h e  ad j acen t  submarine t e r r a c e s  
is  evidence of a c t i v e  c o r a l  growth and reef  development. Shallow 
submarine t e r r a c e s  extend outward from t h e  f r i n g i n g  p l a t fo rms  a long  
much of t h i s  c o a s t a l  reg ion .  The dep th  of t h e  i n n e r  p a r t  of t h e s e  
t e r r a c e s  is  v a r i a b l e  and r anges  from l e s s  than  1 0  f e e t  t o  30 f e e t .  
A t  many p l a c e s  t h e  o u t e r  edge of t h e  t e r r a c e s  b reak  s h a r p l y  a t  t h e  upper 
p a r t  of t h e  s t e e p  seaward s l o p e  zone 20 t o  55 f e e t  deep, and a t  o t h e r  
p l a c e s  they  g radua l l y  s l o p e  downward t o  dep ths  of 150 f e e t  o r  more. 

Fr ing ing  Reefs Along t h e  South Coast -- A wide f r i n g i n g  r e e f -  
f l a t  p la t form borders  t h e  e n t i r e  sou the rn  c o a s t  of t h e  GSSA from 
~ a n e l i  Channel t o  Asgadao Bay (Fig. 4 ) .  A t  most p l a c e s  t h e  middle  
p a r t  of t h e  r e e f  f l a t  is somewhat depressed i n  r e s p e c t  t o  t h e  o u t e r  
and i n n e r  p a r t s  and du r ing  low s p r i n g  t i d e s  r e t a i n s  a moat of water  
t h a t  suppor t s  c o r a l s  and o t h e r  r ee f  organisms t h a t  cannot  t o l e r a t e  long 
pe r iods  of  exposure. The i n n e r  p a r t  of t h e  r e e f - f l a t  p l a t fo rm is  
covered ~ 5 t h  a t h i n  veneer  of sediments t h a t  suppor t  t h e  most ex t ens ive  
s eag ra s s  beds found on t h e  i s l a n d .  The o u t e r  p a r t  of the r e e f - f l a t  
p l a t fo rm i s  a r e l a t i v e l y  f l a t  ree f - rock  pavement t h a t  exposes dur ing  
low s p r i n g  t i d e s  and, excep t  f o r  s c a t t e r e d  pa t ches  of boulder  rubble ,  
is most ly  swept c l e a n  of smal le r - s ized  sediments. Channels p a r t i a l l y  



b i s e c t  t h e  r e e f - f l a t  p l a t fo rm a t  two l o c a t i o n s  o p p o s i t e  t h e  mouth of 
r i v e r s .  The r e e f  margin a t  t he  o u t e r  edge of t h e  r e e f - f l a t  p la t form 
has  a s l i g h t  a l g a l  r i d g e  developed a t  p l a c e s ,  but is  much less pro- 
nounced a s  t hose  found along t h e  more exposed no r the rn  and e a s t e r n  
coas t sof  t h e  i s l a n d .  Short  surge  channe ls  c u t  t h e  r e e f  margin a t  
p l ace s ,  whi le  a t  o t h e r  l o c a t i o n s  they  a r e  absen t  o r  r ep re sen t ed  by 
sha l low i r r e g u l a r  t roughs  l e s s  t h a n  t h r e e  f e e t  deep. 

The f o r e r e e f  s l o p e  has  a moderately well-developed channel and 
b u t t r e s s  system p r e s e n t  i n  t h e  r e e f  f r o n t  zone, I n  gene ra l  t h e  reef  
f r o n t  channel and b u t t r e s s  system is  most pronounced where a l g a l  
r i dge  development i s  p re sen t  a long  t h e  r e e f  margin, and i r r e g u l a r l y  
developed where such r i d g e s  a r e  absen t .  A t  most l o c a t i o n s  t h e  upper 
fo r e r ee f  s l o p e  is  in t e r rup t e .d  by a shal low,  g e n t l e  downward-dipping 
submarine t e r r a c e  15  t o  20 f e e t  deep near  t h e  o u t e r  edge of t h e  reef  
f r o n t  and 30 t o  55 f e e t  deep where t h e  g e n t l e  s l o p e  ab rup t ly  breaks,  
forming a s t e e p  s l o p e  t h a t  i s  i n t e r r u p t e d  aga in  a t  p l a c e s  by t h e  
195- and 315-foot t e r r a c e s .  

Cocos B a r r i e r  Reef and Enclosed Lagoon -- Thi s  r eg ion  is a 
complex system c o n s i s t i n g  of both a lagoon f r i n g i n g  r ee f  a long t h e  
sho re  and a n  o f f s h o r e  b a r r i e r  r e e f ,  a lagoon w i t h  a deeper  c e n t r a l l y  
l oca t ed  hollow surrounded by a broad shal low t e r r a c e ,  numerous pa t ch  
r e e f s ,  two deep pas se s ,  a wooded mile-long b a r r i e r  r ee f  i s l a n d ,  
mangrove swamps, s m a l l  r i v e r  e s t u a r i e s ,  and s e a g r a s s  beds (Fig.  4) .  
Emery (1962) d iv ided  Cocos Lagoon and a s s o c i a t e d  b a r r i e r  and f r i n g i n g  
r e e f s  i n t o  f i v e  phys iographic  u n i t s :  r e e f ,  lagoon hollow, r ee f  ba r ,  
deep channel (Mamaon Channel),  and nearshore  s h e l f .  I n  a l a t e r  s tudy  
Randal l  eal. (1975) inc luded  t h e  deep Manell  Channel a s  p a r t  of t h e  
Cocos lagoon-bar r ie r  r ee f  complex, i n c r e a s i n g  t h e  number of physi-  
ographic  u n i t s  t o  s i x .  

C lose s t  t o  l and  i s  t h e  nearshore  s h e l f  o r  lagoon f r i n g i n g  r e e f ,  
which i s  appa ren t l y  a seaward con t inua t i on  of t h e  c o a s t a l  lowland 
t h a t  bo rde r s  t h e  lagoon between t h e  head of Mamaon channel  and Achang 
Bay. Its s l o p e  i s  g e n t l e  from t h e  sho re  t o  dep ths  of about  f i v e  f e e t  
a t  i t s  o u t e r  edge where i t  grades  i n t o  t h e  lagoon hollow. 

The outermost  physiographic  u n i t  is t h e  b a r r i e r  r e e f ,  which 
averages  abut  300 ya rds  i n  width.  The upper s u r f a c e  i s  sha l low r ee f -  
f l a t  p l a t fo rm t h a t  p a r t i a l l y  exposes dur ing  low s p r i n g  t i d e s .  The 
p la t form can  be d iv ided  i n t o  an  o u t e r  seaward f a c i n g  p a r t  which i s  
s l i g h t l y  e l e v a t e d  i n  r e spec t  t o  t h e  lagoonward f a c i n g  p a r t  which 
s l o p e s  g e n t l y  downward i n t o  t h e  lagoon hollow. The seaward r ee f  
margin zone l a c k s  well-developed surge  channe ls  and an  a l g a l  r i d g e  
except  f o r  s t r e t c h e s  a long Cocos and Babe I s l a n d s  where t h e  a l g a l  
r i d g e  is moderately  developed and c u t  by conspicuous surge  channels .  
The r ee f  f r o n t  zone channel  and b u t t r e s s  system on t h e  upper fo r e r ee f  
s l o p e  is poor ly  developed a long  most of t h e  b a r r i e r  r e e f  except  where 
a l g a l  r i d g e  and su rge  channel  development i s  p r e s e n t  a t  t h e  r e e f  
margin. Below t h e  r e e f  f r o n t  zone t h e  f o r e r e e f  s l o p e  i s  i n t e r r u p t e d  



by a submarine t e r r a c e  s i m i l a r  t o  t h a t  de sc r ibed  f o r  t h e  sou thern  
f r i n g i n g  r e e f s .  

Between t h e  nearshore  s h e l f  and t h e  n o r t h  end of t h e  b a r r i e r  ree f  is  
t h e  deep Mamaon Channel. The channel  i s  f a i r l y  s t r a i g h t ,  about a  
m i l e  long,  100 t o  200 ya rds  wide,  and about  a  100 f e e t  deep where i t  
pa s se s  through t h e  r e e f .  

The r ee f  bar  u n i t  i s  l o c a t e d  i n  t he  no r the rn  p a r t  of t h e  lagoon 
where i t  s e p a r a t e s  t h e  nearshore  s h e l f  and Mamaon Channel from t h e  
main p a r t  of  t h e  lagoon. Most of t h e  upper s u r f a c e  of t h e  r ee f  b a r  
i s  less than  10  f e e t  deep, b u t  i t  is  ve ry  i r r e g u l a r  because of 
s c a t t e r e d  c o r a l  heads. 

The lagoon hollow u n i t  i s  enc losed  by t h e  b a r r i e r  r e e f ,  r e e f  b a r ,  
and nea r sho re  s h e l f .  It c o n s i s t s  of a  p e r i p h e r a l  sandy-floored s h e l f  
g e n e r a l l y  less than 1 0  f e e t  deep and a  deeper hollow f loo red  wi th  
f i n e r  sand and mud. The f l o o r  of t h e  c e n t r a l  deeper hollow is  some- 
what undula t ing  wi th  a  maximum depth  of 43 f e e t .  

The s i x t h  physiographic  u n i t  i s  t h e  deep Manell Channel which 
s e p a r a t e s  t h e  sou theas t  p a r t  of Cocos Lagoon from t h e  sou thern  f r i n g -  
i n g  r e e f s .  The channel  is somewhat crooked, about a m i l e  long,  100 t o  
200 ya rds  wide, and over  100 f e e t  deep where i t  pas se s  through t h e  
r e e f .  

Three i s l a n d s  a r e  l oca t ed  on t h e  b a r r i e r  r e e f - f l a t  p la t form.  
Cocos I s l a n d ,  s l i g h t l y  longer  t h a n  a  m i l e ,  l i e s  a long  t h e  west end 
of t h e  sou th  b a r r i e r  r e e f .  Its e l e v a t i o n  is  g e n e r a l l y  less than  1 0  
f e e t  and is composed most ly  of unconso l ida ted  r ee f  d e b r i s  except  f o r  
a  narrow band of Merizo Limestone t h a t  bo rde r s  t h e  seaward s i d e .  A 
second smal l  sand i s l e t  w i t h  no v e g e t a t i o n  has  developed on t h e  lagoon 
s i d e  of  t h e  b a r r i e r  r ee f  about  1000 f e e t  e a s t  of Cocos I s l a n d .  Babe 
I s l a n d  is  t h e  t h i r d ,  which c o n s i s t s  of a  s c rub  covered e longa ted  s t r i p  
of r a i s e d  l imes tone  l e s s  than  t h r e e  f e e t  i n  e l e v a t i o n .  It i s  s i t u a t e d  
on t h e  sou thern  b a r r i e r  r ee f  about  midway between t h e  e a s t e r n  end of 
Cocos I s l a n d  and t h e  mouth of  Manell Channel. The i s l a n d  i s  thought  
t o  c o n s t i t u t e  a  con t inua t i on  of t h e  narrow band of Merizo Limestone 
a long  t h e  seaward s i d e  of Cocos I s l a n d .  

ECONOMIC GEOLOGY 

Th i s  s e c t i o n  of t h e  r e p o r t  i d e n t i f i e s  t h e  geo log i ca l  a s p e c t s  
w i t h i n  t h e  GSSA which have economic p o t e n t i a l  w i t h  e x i s t i n g  technology. 

A t  p r e sen t  t h e r e  a r e  no m e t a l l i c  minera l  d e p o s i t s  being mined o r  
ex t r ac t ed .  Prec ious  me ta l s  a r e  n o t  found a t  a l l ,  except a s  t r a c e  
e lements ,  and of t he  nonfer rous  me ta l s ,  on ly  aluminum bea r ing  mine ra l s  
i n  weathered vo l can i c  s o i l s  a r e  abundant. From t h e  v a r i o u s  f e r r o u s  
and f e r r o a l l o y  me ta l s ,  only manganese mine ra l s  were found a s  replacement 



d e p o s i t s  i n  t h e  Bonya Limestone and i n  deep ly  weathered vo l can i c  rocks.  
A t  t h e  p r e s e n t  t ime none of t h e  m e t a l i c  mine ra l  d e p o s i t s  a r e  of economic 
importance.  

Geological  ev idence  of petroleum has  n o t  been found on Guam o r  i n  
t h e  nearby submarine s l o p e s  and a s s o c i a t e d  ba s in s .  

Ceramic mine ra l  m a t e r i a l s  a r e  of low q u a l i t y  and a r e  important  on ly  
i n  t h e  development of p roduc ts  r e l a t e d  t o  home i n d u s t r y  o r  smal l -scale  
ope ra t i ons .  M e t a l l u r g i c a l  and r e f r a c t o r y  mine ra l s  a r e  f o r  t he  most 
p a r t  absen t  o r  a r e  no t  of economic s i g n i f i c a n c e .  I n d u s t r i a l ,  chemical,  
and manufactur ing mine ra l s ,  except  f o r  some f i l t e r  sands and c l a y  
minera l s  f o r  l o c a l  use ,  a r e  no t  found o r  a r e  no t  of economic importance 
a t  t h i s  t ime. 

Cons t ruc t ion  m a t e r i a l s  r e l a t e d  t o  b u i l d i n g  a c t i v i t i e s  appear t o  
have t h e  most economic s i g n i f i c a n c e  and p o s s i b i l i t i e s  of any minera l  
group found w i t h i n  t h e  GSSA, and a t  t h e  p r e s e n t  a r e  t h e  on ly  minera l  
subs tances  mined o r  e x t r a c t e d  a t  a l l .  Th i s  group of minera l s  i nc ludes  
bu i l d ing  and s t r u c t u r a l  s t one ,  crushed and broken s tone ,  sand and 
g rave l ,  and t o p s o i l .  The mining and e x t r a c t i o n  of t he se  abundant rock  
minera l s  a r e  f o r  l o c a l  demand and use.  The rock  mine ra l s  and uncon- 
s o l i d a t e d  sed iments  can be d iv ided  i n t o  t h r e e  major groups,  comprising 
n ine  subun i t s ,  each w i t h  c h a r a c t e r i s t i c  p r o p e r t i e s  and d i s t r i b u t i o n  
(May and Schlanger ,  1959). The d i s t r i b u t i o n  of t h e s e  groups and sub- 
u n i t s  a r e  mapped i n  F igure  8, and d e s c r i p t i o n s  of t h e i r  geo log ic  and 
engineer ing  p r o p e r t i e s  a r e  given i n  an  accompanying map legend. . 

No economic d e p o s i t s  of chemical,  f e r t i l i z e r ,  o r  ab ra s ive  mine ra l s  
a r e  found w i t h i n  t h e  GSSA. Limestone is  a v a i l a b l e  f o r  t h e  manufacture 
of va r ious  l ime  and cement m a t e r i a l s  f o r  a g r i c u l t u r e  use  and t h e  bui ld-  
i n g  i n d u s t r y ,  bu t  t h e  on ly  s i g n i f i c a n t  d e p o s i t s  a r e  t h e  a l i f a n  l i m e -  
s t one  capping t h e  sou the rn  mountain chain.  Limestone rock  m a t e r i a l s  
a r e  much more abundant and a c c e s s i b l e  e lsewhere on t h e  i s l and .  

Except f o r  sma l l  l o c a l  d e p o s i t s  of chalcedony and va r ious  z e o l i t e  
minera l s  i n  t h e  vo l can i c  rocks  of sou thern  Guam, t h e r e  i s  l i t t l e  i n  
t h e  way of semiprecious s t ones  o r  m ine ra l  m a t e r i a l  w i t h i n  t h e  GSSA. 
Chalcedony and z e o l i t e  m ine ra l s  could p o s s i b l y  be  fash ioned  i n t o  a 
l i n e  of l o c a l  j ewel ry  o r i e n t e d  toward t h e  t o u r i s t  t r ade .  

I n  conc lus ion ,  t h e  s h o r t  range p o s s i b i l i t y  of  developing any 
economic mine ra l  d e p o s i t s  w i t h i n  t h e  GSSA seems r a t h e r  improbable. 
Because of ~ u a m ' s  r e l a t i v e l y  smal l  a r e a  and popula t ion ,  l a c k  of 
developed n a t u r a l  energy r e sou rce s ,  remoteness  from l a r g e  manufactur- 
i n g  and i n d u s t r i a l  c e n t e r s ,  and smal l  a g r i c u l t u r a l  and i n d u s t r i a l  
development, t h e r e  i s  l i t t l e  demand l o c a l l y  o r  e lsewhere f o r  most 
minera l s ,  o t h e r  t han  t h e  p r e sen t  rock  m a t e r i a l s  being ex t r ac t ed .  The 
p o t e n t i a l  v a l u e  of  rocks may be  no t  on ly  i n  t h e i r  a b i l i t y  t o  be mined 
o r  e x t r a c t e d ,  bu t  a l s o  i n  t h e i r  va lue  i n  a e s t h e t i c  o r  n a t u r a l  beauty,  
educa t i ona l  u se s ,  and t o u r i s t  appea l  a s  we l l .  



SOILS AND BEACHES 

S o i l s  and Micel laneous Land Types 

Guam is  w e l l  wi.thin t h e  b e l t  of t r o p i c a l  s o i l s  w i th  s o i l  forming 
processes  t h a t  a r e  predominantly l a t e r i t i c .  Regosols,  l i t h o s o l s ,  l a t o s o l s ,  
and l i t h o s o l i c  1 .a tosols  a r e  t h e  s o i l  groups most e x t e n s i v e l y  r ep re sen t ed  
on Guam. 

Within t h e  GSSA, r egoso l s  and l a t o s o l s  a r e  predominant on t h e  
vo l can i c  rocks .  They a r e  g e n e r a l l y  a c i d ,  r e d d i s h ,  ye l lowish ,  and 
brownish c l a y s  over  deeply weathered vo l can i c  m a t e r i a l  on h i l l y  t o  
mountainous upland. Minor a r e a s  of reddish-brown and yellowish-brown 
l i t h o s o l s  and l a t o s o l s  a r e  found on t h e  l imes tone  o u t l i e r s  i n  t he  
vo l can i c  rocks .  Other s o i l s  inc lude :  a r egoso l  formed on d i scont inuous ,  
narrow, c o a s t a l  t e r r a c e s  of ca lcareous  sand s l i g h t l y  h igher  than  t h e  
p r e sen t  beach and w i th  s o i l  s i m i l a r  t o  t h e  Shioya s o i l  mapped i n  t h e  
Pa lau ,  Okinawa, and Saipan I s l a n d s ;  and a l l u v i a l  s o i l s  c o n s i s t i n g  of 
sediments from v o l c a n i c  uplands,  accumulated i n  s i n k  bas in s ,  v a l l e y  
f l a t s ,  a l l u v i a l  f a n s ,  and low c o a s t a l  t e r r a c e s ,  most of which a r e  
p e r i o d i c a l l y  f looded i n  t h e  r a i n y  season  and some which a r e  marshy. 
Miscel laneous l and  t ypes  which cannot be  c l a s s e d  a s  s o i l s  a r e  l imes tone  
rock land and made land ,  t h e  l a t t e r  c o n s i s t i n g  c h i e f l y  of a r t i f i c i a l  
f i l l .  

S tens land  (1959a) d e s c r i b e s  twelve s o i l  t ypes ,  of which f i v e  a r e  
from upland s o i l s  on vo l can i c  rocks ,  t h r e e  a r e  from s o i l s  on l imes tone  
rocks ,  and f o u r  a r e  from s o i l s  of c o a s t a l  t e r r a c e s  and v a l l e y  f l o o r s .  
Three a d d i t i o n a l  micel laneous land  t ypes  a r e  a l s o  descr ibed.  D i s t r i bu -  
t i o n  of t h e s e  s o i l s  and micel laneous l and  t ypes  a r e  shown i n  F igure  3, 
and b r i e f  d e s c r i p t i o n s  of each a r e  g iven  i n  an  accompanying legend. 

Beach Depos i t s  

The beaches w i t h i n  t h e  GSSA a r e  of two main types .  White o r  
buff sands  which c o n s i s t  of c a l ca r eous  o rgan i c  remains of r ee f  o r i g i n  
comprise p a r t  of t h e  beaches,and sands  t h a t  a r e  l i g h t  brown t o  b l ack  
because of t h e  presence  of app rec i ab l e  q u a n t i t i t e s  of d e t r i t a l  v o l c a n i c  
minera l s  make up t h e  remaining beaches.  Areas l a ck ing  a s u r f a c e  
dra inage  system of r i v e r s  and s t reams t o  c a r r y  t e r r e s t r i a l  sediments 
t o  t h e  c o a s t a l  r eg ions  w i l l  have beaches composed n e a r l y  100 pe rcen t  
of wh i t e  t o  buff co lored  b i o c l a s t i c  sands  of r e e f  o r i g i n .  

Within t h e  GSSA a more complex prov ince  e x i s t s  where s u r f a c e  rocks  
a r e  dominantly of vo l can i c  types .  A network of l a r g e  and smal l  s t reams  
d r a i n  t h i s  a r e a  and t r a n s p o r t  n o n b i o c l a s t i c  sediments  t o  heads of 
c o a s t a l  embayments, where t h e  sands  c o n t a i n  l a r g e  percen tages  of in- 
s o l u b l e  o r  vo l can i c  g r a i n s .  The r e g i o n s  between t h e s e  embayments 
have beaches  composed of b i o c l a s t i c  sands g e n e r a l l y  con t a in ing  less 
than few pe rcen t  vo l can i c  g r a i n s  t o  none a t  a l l .  Apparently,  t h e  



b i o c l a s t i c  sand of t he se  i n t e r v e n i n g  a r e a s  is  washed ashore ,  and l i t t l e  
of i t  e n t e r s  t h e  c o a s t a l  embayments where s t reams  empty. I n  t u r n ,  t h e  
vo l can i c  sands c a r r i e d  by t he  s t reams  a r e  more o r  less conta ined  i n  
t h e  gene ra l  r eg ion  of  t h e  embayments. Between Toguan Bay and Umatac, 
where vo l can i c  rocks  reach  t h e  c o a s t  and a r e  s u b j e c t  t o  wave e r o s i o n ,  
t h e  beaches a r e  supp l i ed  wl th  sediments  from both  land  and t h e  ad j acen t  
f r i n g i n g  r e e f s ,  r e s u l t i n g  i n  a mix ture  of b i o c l a s t i c  and vo l can i c  
d e p o s i t s .  Beaches a long  t h e  lagoonward s i d e  of Cocos I s l a n d  a r e  com- 
posed e n t i r e l y  of b i o c l a s t i c  d e p o s i t s  of r ee f  o r i g i n .  

Major beach d e p o s i t s  a long  t h e  c o a s t a l  reg ion  of t h e  GSSA a r e  
mapped i n  F igu re s  4 ,  8, and 9. 

ENGINEERING GEOLOGY 

The engineer ing  a s p e c t s  of geology prov ide  in format ion  f o r  t h e  
s u i t a b i l i t y  of r ocks  and unconso l ida ted  d e p o s i t s  f o r  founda t ions  and 
underground i n s t a l l a t i o n s  and on t h e  ~ h a r a c ~ e r i s t i c s ,  mode of occur rence ,  
a v a i l a b i l i t y ,  and u s e s  f o r  c o n s t r u c t i o n  m a t e r i a l .  These g e o l o g i c a l  
a s p e c t s  have been mapped and desc r ibed  i n  n i n e  d i f f e r e n t  u n i t s  by May 
and Schlanger  (1959). F igu re  8 shows t h e  d i s t r i b u t i o n  of t h e  n i n e  
map u n i t s  and g i v e s  a b r i e f  d e s c r i p t i o n  of each i n  an accompanying 
legend. 

GEOLOGIC HISTORY 

The e a r l i e s t  geo log ic  event  w i t h i n  t h e  GSSA was t h e  format ion  of 
an  Eocene volcano and t h e  subsequent  d e p o s i t i o n  of vo l can i c  rocks  of 
t h e  Alutom Formation i n  t h e  no r the rn  p a r t  of t h e  park  a r ea .  The 
presence  of  l imes tone  fragments  i n  t h e s e  rocks  i n d i c a t e s  t h a t  beds of 
l imes tone  must have been p re sen t  no t  f a r  away. Cole (1963) ass igned  
Foramin i fe ra  found i n  t h e  l imes tone  fragments  t o  Ol ig icene  ( T e r t i a r y  c) 
age.  P o s s i b l y  t he se  Eocene v o l c a n i c  d e p o s i t s  were u p l i f t e d  and eroded 
du r ing  T e r i t a r y  d t ime. 

Following t h e  c o l l a p s e  of t h e  c a l d e r a  of t h e  Eocene volcano,  t h e  
format ion  of a Miocene volcano,  l o c a t e d  somewhat southwest of t h e  
p r e s e n t  i s l a n d ,  produced t h e  f lows and p y r o c l a s t i c  b r e c c i a s  and con- 
glomerates  of t h e  Umatac Formation. Depos i t ion  of t h e  f lows of t h e  
Facpi  Volcanic  Member of t h e  Umatac Formation was complicated by minor 
f a u l t i n g  and i n t e r r u p t e d  by one o r  more pe r iods  q u i e t  enough t o  a l l ow  
t h e  d e p o s i t i o n  of l e n t i c u l a r  beds of  t h e  Maemong Ldmestone Member. 
Following t h e  depos i t i on  of t h e  Maemong Limestone Member s e v e r a l  hundred 
f e e t  o f  f lows,  t u f f aceous  l imy sha le ,and  b r e c c i a  of t h e  Facpi  Volcanic  
Member were l a i d  down. Explosive volcanism s t a r t e d  be fo re  d e p o s i t i o n  of 
t h e  Maemong Limestone Member and i nc r ea sed  du r ing  depos i t i on  of t h e  
upper p a r t  of t h e  Pacpi  Member. Th i s  exp los ive  phase culminated i n  t h e  
depos i t i on  of  t h e  Bolanos P y r o c l a s t i c  Member of t h e  Umatac Formation. 



This  n e a r l y  cont inuous sequence of t u f f -b r ecc i a  and vo l can i c  conglo- 
merate  i n c l u d e s  some i n t e r m i t t e n t  f lows.  The f f n a l  ep i sode  i n  t h e  
development of t h e  Umatac Formation was t h e  e r u p t i o n  of a s e r i e s  of 
s h e e t l i k e  f lows c a l l e d  t h e  Dandan Flow Member, now exposed only a s  
weathered remnants. Deposi t ion of t h e  f lows  of t h e  Dandan Member 
ended t he  known major volcanism on Guam. Col lapse of t h e  ca lde ra  of 
t he  l a r g e  Miocene volcano was f o r  t h e  most p a r t  concur ren t  w i th  t h e  
f lows of t h e  Dandan Member, fo l lowing  t h e  exp los ive  volcanism t h a t  
r e s u l t e d  i n  t h e  d e p o s i t i o n  of t h e  Bolanos P y r o c l a s t i c  Member. Lower- 
most f o s s i l s  found i n  t h e  Umatac Formation a r e  l a r g e r  Foraminifera  of 
T e r t i a r y  e  age accord ing  t o  Cole (1963). F o s s i l s  of s i m i l a r  age a r e  
a l s o  found i n  t h e  l e n s e s  of t h e  Maemong Limestone Member. 

The f lows of t h e  Dandan Member a r e  o v e r l a i n  by t h e  Bonya Lime- 
s t o n e  of T e r t i a r y  f age.  Af t e r  e f f e c t s  of t h e  c o l l a p s e  of t he  
Miocene volcano ca lde ra  may have cont inued  through the  per iod  of t h e  
depos i t i on  of t h e  Bonya Limestone, s i n c e  t h e  d e p o s i t s  a r e  r e s t r i c t e d  
t o  t h e  e a s t e r n  s i d e  of t he  Bolanos s t r u c t u r a l  block. Poramin i fe ra  
i n  t h e  lower Bonya Limestone i n d i c a t e  a  deepwater environment, bu t  
t h e  fauna toward t h e  upper p a r t  i n c r e a s i n g l y  i n d i c a t e s  a  shoal-water 
environment. The above sequence i n d i c a t e s  t h a t  p a r t s  of t h e  i s l a n d  
were probably emerging dur ing  depos i t i on  of t h e  Bonya Limestone. To- 
ward t h e  t o p  of t h e  Bonya Limestone t h e r e  i s  an increased  presence  of 
vo l can i c  d e t r i t u s  i n  t h e  d e p o s i t s .  Th i s  evidence,  a long w i th  t h e  
absence of Bonya Limestone d e p o s i t s  on t h e  west  s i d e  of t h e  Bolanos 
s t r u c t u r a l  b lock ,  i n d i c a t e s  t h a t  s u b a e r i a l  weather ing and e r o s i o n  of  
vo l can i c  rocks  t o  t h e  west was probably t a k i n g  p l ace .  A t  t h e  end of 
t h e  Bonya depos i t i on ,  e ro s ion  and d e p o s i t  i o n  of t h e  weathered v o l c a n i c  
m a t e r i a l  i nc r ea sed  sha rp ly  t o  form t h e  b a s a l ,  c layey  conglomer i t i c  
d e p o s i t s  of t h e  T a l i s a y  Member of t h e  A l i f a n  Limestone. 

Depos i t ion  of  t he  A l i f an  Limestone s t a r t e d  when t h e  i s l a n d  was 
mostly emergent a t  t h e  c l o s e  of t h e  d e p o s i t i o n  of t h e  Bonya Limestone. 
~ l i i a n  Limestone d e p o s i t s  a r e  p r e sen t  on t h e  west s i d e  of t h e  Bolanos 
s t r u c t u r a l  b lock  which i n d i c a t e  t h a t  t h e  c o l l a p s e  of t h e  Miocene 
vo l can i c  c a l d e r a  was mostly accomplished by t h i s  t ime. The g r o s s  shape 
of t he  sou the rn  h a l f  of t h e  i s l a n d  was t h e r e f o r e  l a r g e l y  determined by 
t h e  end of t h e  Bonya Limestone depos i t i on .  A f t e r  t h e  e a r l y  d e p o s i t s  
of t h e  A l i f a n  Limestone were depos i ted  t h e  i s l a n d  g radua l l y  submerged. 
Basal  A l i f a n  Limestone d e p o s i t s  capping t h e  p r e s e n t  mountain r i d g e  are 
a r i g i l l a c e o u s ,  bu t  a s  submergence cont inued l e s s  and l e s s  of t h e  
vo l can i c  uplands were exposed t o  s u b a e r i a l  weather ing and t h e  d e p o s i t s  
become l e s s  a r g i l l a c e o u s  and more c o r a l i f e r o u s .  Extens ive  r e e f s  
formed and t h e  l imes tone  t h a t  caps  t h e  h i g h  Mount Lamlam-Mwnt A l i f a n  
r i d g e  was thought by Tayama (1952) t o  r e p r e s e n t  a  r a i s e d  a t o l l .  It i s  
doub t fu l  t h a t  a l l  of sou thern  Guam was submerged a t  t h e  t i m e  t h e  A l i f a n  
a t o l l  was depos i t ed ,  f o r  evidence i n d i c a t e s  t h a t  t h e  upper 300 f e e t  o r  
s o  of t h e  Eocene vo l can i c  rocks  s tood  a s  a n  i s l a n d  t o  t h e  no r th ,  and 
t h e  upper s e v e r a l  hundred f e e t  of t h e  Bolanos r i d g e  from Mount Jumullong 
Manglo t o  Mount Sasalaguan was a l s o  emergent as a n  i s l a n d  t o  t h e  south.  



Both of t h e s e  i s l a n d  a r e a s  a r e  now lower t han  t h e  p r e sen t  l imestone-  
capped summit of Mount Lamlam, i n d i c a t i n g  t h a t  warping o r  f a u l t i n g  
of s e v e r a l  hundred f e e t  has  t aken  p l a c e  s i n c e  depos i t i on  of t h e  A l i f a n  
Limestone. F o s s i l s  i n  t h e  lowermost A l i f a n  Limestone a r e  of T e r t i a r y  f  
age and most of t h e  remainder i s  probably of T e r t i a r y  g  (upper Miocene) 
age.  P o s s i b l y  t h e  uppermost beds a r e  P l i ocene  age. 

The broad t r a n s i t i o n  from d e p o s i t i o n  of t he  A l i f a n  Limestone t o  
d e p o s i t i o n  of t h e  Mariana Limestone was i n t e r r u p t e d  by a  per iod  of 
emergence caused by, o r  accompanied by, s t r u c t u r a l  deformat ion and 
f a u l t i n g .  The sou the rn  p a r t  05 t h e  i s l a n d  emerged, probably t o  a t  
l e a s t  i t s  p r e s e n t  l e v e l ,  f o r  a  per iod  long  enough t o  a l low e ros ion  and 
d i s s e c t i o n  of t h e  lower l y i n g  A l i f a n  Limestone. Af t e r  t h i s  i t  was 
resubmerged t o  about  t h e  300-foot l e v e l .  D i s sec t i on  of t h e  weathered 
uplands cont inued.  The sma l l  i s l e t s  of Mariana Limestone p r e s e n t l y  
s i t u a t e d  a long  t h e  west and sou the rn  c o a s t s  were pos s ib ly  depos i ted  
a t  t h i s  t ime,  o r  p o s s i b l y  l a t e r ,  a s  r e e f s  a t  o t h e r  l o c a t i o n s  around 
t h e  i s l a n d  cont inued t o  grow w e l l  i n t o  t h e  P l e i s t ocene .  Mariana 
d e p o s i t s  a long  t h e  wes te rn  c o a s t  may have been more ex t ens ive  t han  t he  
few remnant islets l e f t  on t h e  p r e s e n t  f r i n g i n g  and pa tch  r ee f  p l a t -  
forms a t  Anae, Facpi ,  Asgadao, Fofos ,  and Agrigan I s l ands .  Widespread 
d e p o s i t i o n  of t h e  Mariana Limestone on Guam ended a t  some t i m e  i n  t h e  
P l e i s t o c e n e  w i t h  emergence of t h e  i s l a n d  fol lowed by c u t t i n g  of 
t e r r a c e s  a t  s e v e r a l  l e v e l s  and by cont inued  d e p o s i t i o n  of r ee f  
a s s o c i a t e d  l imes tones  on t h e  t e r r a c e s  a t  lower and lower l e v e l s .  
Accurate  i n t e r p r e t a t i o n  of l a t e r  Mariana h i s t o r y  is  d i f f i c u l t  because 
t h e  even t s  a r e  a f f e c t e d  by s e v e r a l  geo log ic  c i rcumstances .  Movements, 
bo th  up and down, dur ing  t h e  P l e i s t o c e n e  happened most l i k e l y  i n  
ep isodes .  During t h e s e  movements, t i l l i n g  of  probably t h e  whole i s l a n d  
t o  t h e  southwest took p lace .  S t r u c t u r a l  read jus tment  dur ing  t h e s e  up 
and down movements l e d  t o  d i sp lacements  of l a r g e  p a r t s  of t h e  i s l a n d  
r e l a t i v e  t o  o t h e r  p a r t s ,  and numerous minor f a u l t s  have been almost  
con t inuous ly  r e c u r r e n t  dur ing  P l e i s t o c e n e  t ime. 

The la tes t  geo log ic  event  w a s  t h e  d e p o s i t i o n  of t h e  Merizo Lime- 
s t o n e  on a  former t e r r a c e  t h a t  was on ly  a  few inches  h ighe r  than  t h e  
p r e sen t  r e e f - f l a t  p la t form.  Radiocarbon d a t e s  f o r  t h e  Merizo Lime- 
s t o n e  range between 2880 and 5115 y e a r s  w i th  an  average  of about 3600 
yea r s  (Tracy e t  a l . ,  1964 and Easton e t  a l . ,  1978). These d e p o s i t s  
were subsequent ly  r a i s e d  and now s t and  about  6  f e e t  above t h e  p r e sen t  
r e e f - f l a t  p la t forms .  

Other r e c e n t  even t s  i n c l u d e  t h e  cont inued f i l l i n g  and accumulat ion 
of a l luvium i n  s i n k s ;  dep re s s ions ,  c o a s t a l  lowlands,  and v a l l e y  f l o o r s .  
Beach d e p o s i t s  a r e  accumulating from b i o c l a s t i c  sediments de r ived  from 
r e e f s  and v o l c a n i c  d e t r i t a l  m a t e r i a l  c a r r i e d  t o  t h e  c o a s t a l  r eg ion  by 
r i v e r s  and s t reams .  Reef growth is t ak ing  p l a c e  a long  t h e  p r e s e n t  
f r i n g i n g  and b a r r i e r  r e e f s  and o t h e r  shoal-water environments a t  most 
l o c a t i o n s ,  but  a t  some p l a c e s  benches a r e  being c u t  i n t o  rocky head- 
l and  s. 



SIGNIFICANT AND UNIQUE GEOLOGIC FEATURES 

Guam is  a  r a t h e r  smal l  vo l can i c  i s l a n d  wi th  r a i s e d  d e p o s i t s  of 
o l d e r  l imes tone ,  and i n  r e s p e c t  t o  many o t h e r  i s l a n d s  i n  t h e  wes te rn  
P a c i f i c  Basin has  undergone a  r a t h e r  t y p i c a l  geo log ic  h i s t o r y .  Th i s  
is  e s p e c i a l l y  t r u e  of two of Guam's n e a r e s t  neighbors ,  Rota and Saipan. 
Even s o ,  Guam has many s i g n i f i c a n t  geo log ic  f e a t u r e s ,  and some of t h e s e  
a r e  found i n  GSSA. 

Rock Format i ons  

I n  regard  t o  t h e  v a r i o u s  v o l c a n i c  rock  format ions t h e r e  a r e  none 
t h a t  a r e  e n t i r e l y  unique t o  t h e  GSSA, bu t  t h e  Facpi  Volcanic Member of  
t h e  Umatac Formation i s  f o r  t h e  most p a r t  contained w i t h i n  t h e  GSSA. 
Although Eocene rocks a r e  poor ly  r ep re sen t ed  by two sma l l  exposures  i n  
t h e  no r the rn  p a r t  of t h e  GSSA, t h e  e n t i r e  sequence of Miocene volcanism 
on Guam i s  w e l l  represen ted  a long  t h e  r i d g e  c r e s t  and s t e e p  wes te rn  
s l o p e s  of t h e  sou thern  mountain cha in .  The Facpi  Volcanic  Member h a s  
p i l l o w  b a s a l t s  c u t  by columnar j o i n t e d  flows i n  t h e  lower p a r t  and upper 
f lows w i th  interbedded l e n s e s  o f  Maemong Limestone and p y r o c l a s t i c  
t u f f aceous  s h a l e s  and sands tones  which a r e  exposed on ly  between t h e  
c r e s t  of t h e  sou thern  mountain r i d g e  and t h e  southwest c o a s t  w i t h i n  t h e  
GSSA. Exposures of d i k e s  c u t t i n g  through p i l l o w  l a v a s  and r e l a t i v e l y  
unweathered b a s a l t s  a r e  e s p e c i a l l y  common a long  t h e  s h o r e l i n e  between 
Facpi P o i n t  and t h e  v i l l a g e  of Merizo. Capping t h e  predominant l a v a  
f lows of Facpi  Volcanic Member a r e  t h e  p y r o c l a s t i c  conglomerate,  
b r e c c i a ,  sandstone,  and s h a l e  beds of t h e  Bolanos P y r o c l a s t i c  Member 
which a r e  widely exposed a long  t h e  c r e s t  and g e n t l e  e a s t e r n  s l o p e s  of 
t h e  sou the rn  mountain cha in  w i t h i n  t h e  GSSA. The e a s t e r n  s l o p e s  of t h e  
c r e s t  a l s o  con t a in  remnant pa t ches  of  t h e  Dandan Flow Member which i s  
t h e  uppermost and l a s t  major d e p o s i t  r e s u l t i n g  from t h e  Miocene 
volcanism. 

The Facpi  Volcanic Member of t h i s  Miocene sequence of volcanism 
i s  p a r t i c u l a r l y  w e l l  exposed i n  a  s e c t i o n  a long  a  prominent spu r  t h a t  
ex tends  from Facpi  Po in t  t o  t h e  limestone-capped c r e s t  of t h e  Mount 
Lamlam-Almagosa r idge .  With t h e  except ion  of abundant t u f f aceous  
s h a l e s  t h i s  sequence i nc ludes  most of t h e  s i g n i f i c a n t  geo log i c  f e a t u r e s  
found i n  t h e  Eocene vo l can i c  rocks  of  c e n t r a l  Guam which l i e  o u t s i d e  
of t h e  GSSA. S t a r t i n g  a t  t h e  ba se  of t h i s  s e c t i o n  is  Facpi  I s l a n d  
which has  a l r eady  been i d e n t i f i e d  as a  Nat iona l  Na tu ra l  Landmark. A 
wide, i n t e r t i d a l ,  b a s a l t i c  bench showing good examples of  p i l l o w  
b a s a l t s  and d ikes  ex tends  from Facpi  I s l a n d  t o  t h e  s h o r e l i n e .  Of 
p a r t i c u l a r  no t e  on t h e  t r unca t ed  bench p l a t fo rm is  a  prominent d i k e  
t h a t  is  o f f s e t  by a  s e r i e s  of eche lon  f a u l t s  and s t a n d s  about  8 f e e t  
i n  r e l i e f  above t h e  surrounding su r f ace .  A t  t h e  s h o r e l i n e  a  headland 
about  100 f e e t  h igh  shows good exposures  of  d a r k  co lored ,  p a r t i a l l y  
weathered vo l can i c  rocks and a  number of d i k e s  i n  t h e  exposed c l i f f  
f a ce .  Some of  t h e  d i k e s  exposed i n  t h e  c l i f f  f a c e  a r e  t r a c e a b l e  o u t  



onto t h e  i n t e r t i d a l  bench. A prominent p l a t e a u  between 100 and 400 
f e e t  i n  e l e v a t i o n  occupies  t h e  lower s l o p e  between t h e  s h o r e l i n e  a t  
Facpi P o i n t  and t h e  mountain summit. This  p l a t e a u  i s  an open a r e a  
t h a t  suppo r t s  a  savanna g ra s s l and  w i th  s c a t t e r e d  t r e e s .  The p l a t e a u  
s u r f a c e  i s  c u t  by s t ream v a l l e y s  and is s c u l p t u r e d  on t h e  i n t e rven ing  
s l o p e s  and r i d g e s  i n t o  an i r r e g u l a r  slump-scar topography t h a t  provides  
one of t h e  b e s t  exposures  of weathered v o l c a n i c  rocks  on t he  i s l a n d .  
The rocks h e r e  a r e  weathered i n t o  a  g r e a t  v a r i e t y  da rk  r ed ,  brown, 
yellow, and green  co lored  c l a y s  which i n  p l a c e s  p r e s e r v e  t he  o r i g i n a l  
s t r u c t u r a l  c h a r a c t e r i s t i c s  of  t h e  rock; i nc lud ing  p i l l ow  l ava  o u t l i n e s ,  
d ikes ,  and j o i n t i n g  p lanes .  Veins and c a v i t i e s  f i l l e d  wi th  z e o l i t e  
and chalcedony mine ra l s  a r e  a l s o  common t o  abundant i n  t h e  weathered 
rock exposures .  Between t h e  p l a t e a u  and t h e  mountain summit t h e  s l opes  
a r e  s t e e p e r  w i t h  r a v i n e  f o r e s t s  occupying t h e  lower v a l l e y  s l opes  and 
savanna g r a s s l a n d  w i th  s c a t t e r e d  t r e e s  dominating t h e  upper v a l l e y  
s l opes  and r i d g e  tops .  Slump s c a r s  and deeply weathered exposures of 
rock s i m i l a r  t o  t h a t  descr ibed  f o r  t h e  lower p l a t e a u  s u r f a c e  a r e  
common, bu t  s c a t t e r e d  exposures of da rke r  co lored  less weathered 
vo l can i c  rocks  a r e  a l s o  found i n  some p l ace s .  A d i s t i n g u i s h i n g  
f e a t u r e  of t h e  s t e e p  upper s l o p e s  a long t h i s  s e c t i o n  i s  t h e  presence 
of l imes tone  ou tc rops  formed b y l e n s e s  of t h e  Maemong Limestone Member 
t h a t  a r e  in te rbedded  w i t h i n  t h e  upper f lows of t h e  Facpi  Volcanic 
Member. These l i m e s t o n e l e n s e s  ou tc rop  a t  v a r i o u s  p l a c e s  a long t h e  
western s l o p e s  of t h e  . e n t i r e  Mount Lamlam-Sasalaguan r i d g e  and a r e  
unique t o  t h e  GSSA. 

The Bolanos P y r o c l a s t i c  and Dandan Flow Members of t h e  Miocene 
sequence of volcanisrc a r e  b e s t  exposed on t h e  i s l a n d  a long  t h e  c r e s t  
and e a s t e r n  s l o p e s  of t h e  sou the rn  mountain cha in  between Mounts 
Jumullong Manglo and Sasalaguan. The p y r o c l a s t i c  rocks  of t h e  Bolanos 
Member r ep re sen t  a  pe r iod  of explosiv'e volcanism whereas t h e  lower 
l ava  f lows of t h e  Facpi  Member r ep re sen t  predominant ly  q u i e t  l ava  
e rup t ions .  The Bolanos p y r o c l a s t i c s  a r e  p a r t i c u l a r l y  w e l l  exposed 
a long  t h e  mountain c r e s t  where l a r g e  slumps occur .  A t  most p l ace s  
t h e  Dandan Flow Member occurs  a s  r e l i c t  dark-colored boulders  
s c a t t e r e d  over t h e  upper weathered s u r f a c e  of  t h e  Bolanos p y r o c l a s t i c s ,  
but  t he  most ex t ens ive  d e p o s i t s  found on t h e  i s l a n d  occur  on t h e  s l o p e s  
between t h e  Mount Lamlam-Alifan r i d g e  and Fena Reservoi r .  Some of t h e  
f r e s h e s t  b a s a l t i c  rocks  on t h e  i s l a n d  can be  found i n  t h e s e  r e l i c t  
monol i ths  s c a t t e r e d  about  on t h e  g e n t l e  e a s t  s l o p e s  of t h e  sou thern  
mountain r i dge .  

O f  t h e  l imes tone  format ions on t h e  i s l a n d  t h e  GSSA has  very good 
exposures of Miocene age r ep re sen t ed  by t h e  A l i f a n  Limestone which 
caps t h e  no r the rn  p a r t  of t h e  sou thern  mountain cha in  and by l e n s e s  of 
Maemong Limestone interbedded i n  t h e  upper f lows of  t h e  Facpi  Volcanic 
Member. The Bonya Limestone of somewhat o l d e r  Miocene age  is  poor ly  
represen ted  by a  few pa tches  i n  t h e  n o r t h e a s t  corner  of t h e  GSSA, but  
i f  t h e  p r e sen t  n o r t h e a s t  boundary was extended somewhat t o  t h e  Mahlac 
River v a l l e y  t h e  r e p r e s e n t a t i o n  of t he se  l imes tones  would then  be 



e x c e l l e n t .  Th i s  suggested boundary e x t e n t i o n  would a l s o  i nc lude  
n e a r l y  a l l  of t h e  Maemong Limestone exposed i n  sou thern  Guam, most 
of t h e  T a l i s a y  Member of t h e  A l i f a n  Limestone on the  e a s t  s i d e  of t h e  
Mount Lamlam-Alifan r i dge ,  and a  more r e p r e s e n t a t i v e  exposure of t h e  
Eocene vo l can i c  rocks  t h a t  would a l s o  i n c l u d e  a  major p a r t  of t he  
Mahlac Member of t h a t  format ion.  Mariana Limestone of P l i ocene  and 
P l e i s t o c e n e  age  a r e  poor ly  r ep re sen t ed  i n  t h e  GSSA by a  few c o a s t a l  
i s l e t s ,  bu t  t h e  Merizo Limestone of  Recent age is  represen ted  very  
w e l l  by low c o a s t a l  exposures  a long  t h e  sou th  and southwest c o a s t s  
and a t  Cocos and Babe I s l a n d s .  

Physiography and Landforms 

A s  w i t h  t h e  geo log ic  rock  format ions ,  t h e r e  a r e  no major o r  
e n t i r e  phys iographic  l and  u n i t s  t h a t  a r e  unique t o  t h e  GSSA, bu t  of 
t h e  seven u n i t s  t h e  i s l a n d  i s  d iv ided  i n t o ,  f i v e  a r e  found w i th in  t he  
park a r e a ,  The only u n i t s  l a ck ing  a r e  l imes tone  p la teau land  and h i l l y  
l and  developed upon a r g i l l a c e o u s  l imes tones .  D i s t i ngu i sh ing  o r  
e s s e n t i a l  f e a t u r e s  of t he  f i v e  land  u n i t s  w i t h i n  t he  GSSA a r e  a l l  w e l l  
r epresen ted .  

Although t h e r e  a r e  no unique major land u n i t s  i n  t h e  GSSA, t h e r e  
a r e  many s i g n i f i c a n t  landforms and f e a t u r e s  of l e s s e r  s t a t u r e .  The 
l a r g e s t  landform p re sen t  i s  t h e  sou the rn  mountain cha in  which forms a 
c u e s t a l  r i d g e  wi th  g e n t l e  s l o p e s  toward t h e  e a s t  and s t e e p  s l o p e s  
toward t h e  west .  The c u e s t a l  r i d g e  ex t ends  t h e  e n t i r e  l e n g t h  of t h e  
GSSA, and i n c l u d e s  Mount Lamlam which i s  a l r e a d y  des igna ted  a s  a  
Nat iona l  Na tu ra l  Landmark. I n  terms of prominence, Mounts Schroeder 
and F inasan tos  a t  t h e  sou thern  end of t h e  cha in  a r e  more conspicuous,  
sharper  peaked, and more e a s i l y  recognized t han  Mount Lamlam whose 
p r i n c i p a l  f e a t u r e  of n o t e  i s  i ts  g r e a t e r  he igh t .  Nowhere a long  t h e  
e n t i r e  sou the rn  mountain cha in  do you f i n d  a  r i d g e  c r e s t  which g i v e s  
such unencumbered views of t h e  i s l a n d  a s  t h a t  found a long  t h e  mountain 
c r e s t  t r a i l  between Mounts Jumullong Manglo and Sasalaguan. From 
t h e  c r e s t  vantage po in t  t h e  mountains of c e n t r a l  Guam and e x t e n s i v e  
p l a t eau l and  of t h e  no r the rn  h a l f  of Guam can b e  seen t o  t h e  n o r t h ,  
t h e  d i s s e c t e d  s l op ing  and r o l l i n g  land  and l imes tone  p la teau land  of 
s o u t h e a s t  Guam can be seen  t o  t h e  e a s t ,  and t h e  Cocos lagoon-barr ier  
r ee f  system and s t e e p  s l o p e s  of t h e  sou the rn  c u e s t a l  mountain r i d g e  
can be s een  t o  t h e  sou th  and w e s t .  

The rough summit land developed upon t h e  A l i f a n  Limestone i n  t h e  
sou thern  mountain cha in  i s  a  unique phys iographic  u n i t  on t h e  i s l a n d .  
The sou thern  and most d i v e r s e  p a r t  of t h i s  l and  u n i t  occupies  t h e  
summits of  Mounts Lamlam and Almagosa i n  t h e  GSSA. The u n i t  i s  
c l a s s i f i e d  a s  a  mature k a r s t  topography and has  very  rugged r e l i e f  
f e a t u r e s .  Although t h e  u n i t  now occupies  t h e  h i g h e s t  e l .evat ion on 
t h e  i s l a n d ,  t h e  rocks  comprising i t  r e p r e s e n t  t h e  weathered l imes tone  
remains t h a t  were depos i ted  i n  an  a t o l l  r e e f  environment. A t  many 
l o c a t i o n s ,  i nc lud ing  t h e  a r e a  around Mount Lamlam, t h e  weathered 



exposures a r e  very  f o s s i l i f e r o u s .  S t i c k - l i k e  branching c o r a l s  of 
P o r i t e s  and Acropora s p e c i e s  a r e  e s p e c i a l l y  common. Except f o r  a  
smal l  g rassy  pa t ch  sou th  of Mount Lamlam, t h e  u n i t  suppo r t s  a  dense 
l imestone f o r e s t  t h a t  c o n t a i n s  some f l o r a l  e lements  t h a t  a r e  unique 
o r  r a r e  on o t h e r  p a r t s  of t h e  i s l a n d .  

Another l imes tone  k a r s t  u n i t  wi th  somewhat d i f f e r e n t  topography 
i s  represen ted  by a  sma l l  a r e a  of t h e  i n t e r i o r  b a s i n  and broken land 
u n i t  i n  t h e  n o r t h e a s t  co rne r  of t h e  GSSA. A s  mentioned e a r l i e r ,  i f  
t he  no r theas t  boundary of t h e  GSSA was extended t o  t h e  Mahlac River 
v a l l e y ,  i t  would t hen  i n c l u d e  most of t h e  o l d e r  Bonya Limestone and 
i n t e r i o r  depress ion  t h a t  has  been t h e  s i t e  of a  sha l low marine bay a  
number of t imes i n  Guam's geo log ic  h i s t o r y .  These e s t u a r i e s  have 
permit ted t h e  d e p o s i t i o n  of many l imes tone  format ions ,  which upon 
emergence, have been eroded t o  yi-e ld  t he  h i l l y ,  bumpy k a r s t  topography 
which so  c h a r a c t e r i z e s  t h e  u n i t .  Exce l len t  r e p r e s e n t a t i o n  of t h i s  
k a r s t  topography i s  found i n  t h e  Bonya Limestone i n  t h e  c e n t e r  of t he  
u n i t .  The Maemong, Bonya, and Ta l i s ay  Rivers  d r a i n  i n t o  t h e  g r e a t l y  
channeled, caved, and cavernous Bonya Limestone, where they  form t h e  
Talaeyuus River .  Th i s  r i v e r  f lows through t h e  Bonya Limestone and 
twice d i s appea r s  under i t  before  reappear ing t o  empty i n t o  t h e  Maagas 
River.  The deep s inkho le s  i n  t h e  Bonya Limestone were formed by roof- 
caving over p a r t s  of s o l u t i o n  channels  developed throughout  t h e  rock 
mass. Separa te  s i n k h o l e s  l a t e r  coa lesced  t o  form e l o n g a t e  depress ions  
which formed t h e  p r e sen t  d i sappear ing  Tolaeyuus River .  

Physiographic  landforms of s i g n i f i c a n c e  a r e  a l s o  found a long  t h e  
c o a s t a l  and marine r e g i o n s  of t h e  GSSA. From an a e s t h e t i c  view p o i n t  
t h e  n a t u r a l  beauty and i s o l a t i o n  of t h e  c o a s t a l  embayments a t  S e l l a ,  
C e t t i ,  and Fouha Bays a r e  unsurpassed by any e l sewhere  around t h e  
i s l a n d .  An e x c e l l e n t  view of C e t t i  Bay, a s  w e l l  a s  o t h e r  p a r t s  of 
t h e  southwest c o a s t  can b e  seen from a  roads ide  p l a t fo rm on t h e  high- 
way between Agat and Umatac. Other c o a s t a l  f e a t u r e s  unique t o  t h e  
GSSA a r e  t h e  presence  of two vo l can i c  s e a  s t a c k s  and a  number of 
s l i g h t l y  e l eva t ed  and i n t e r t i d a l  vo l can i c  bench p l a t fo rms  c u t  i n t o  
rocky headlands.  The s e a  s t a c k s  a r e  l oca t ed  on t h e  i n n e r  p a r t  of 
vo l can i c  benches a t  S e l l a  and Fouha Bays. The s t a c k  a t  t h e  l a t t e r  
bay has  a l s o  been named a s  a  Nat iona l  Na tu ra l  Landmark. The s t a c k s  a r e  
c o n i c a l  i n  shape, between 50 and 80 f e e t  h igh ,  and composed of r e l a t i v e l y  
unweathered p i l l o w  b a s a l t s .  S l i g h t l y  e l eva t ed  bench p l a t fo rms  c u t  i n t o  
b a s a l t i c  rocks a r e  found a t  Achugao P o i n t ,  Fouha P o i n t ,  t h e  sou th  s i d e  
of Fouha Bay, and Machadgan P o i n t  a long  t h e  wes te rn  coas t .  Although 
a  few s e a  l e v e l  v o l c a n i c  benches a r e  found elsewhere around t h e  i s l a n d ,  
t h e  bu lk  of such f e a t u r e s  a r e  found a long  t h e  wes te rn  c o a s t  between 
Anae I s l and  and Merizo. The s t r u c t u r a l  v a r i a t i o n  of  t h e s e  s e a  l e v e l  
benches is  a l s o  g r e a t e r  a long  t h e  wes te rn  c o a s t ,  where t hey  range 
from those  t h a t  extend a l l  t h e  way from t h e  s h o r e l i n e  t o  t h e  upper 
fo r e r ee f  s l o p e  t o  t h o s e  t h a t  are f r i nged  by a v a r i a b l e  wid th  of lime- 
s t one  r ee f  d e p o s i t s  on t h e  o u t e r  seaward p a r t .  



I n  t h e  marine environment t h e  most s i g n i f i c a n t  marine geo log ic  
f e a t u r e  i s  t h e  t r i a n g u l a r  Cocos b a r r i e r  r e e f  and enclosed shal low 
lagoon system. The b a r r i e r  r e e f  and lagoon system a t  Apra Harbor i s  
commercially developed and t h e  r e e f s  g r e a t l y  a l t e r e d ,  whereas t h e  
Cocos system is  developed a long  t h e  s h o r e l i n e  a t  Merizo V i l l age  and 
a t  Cocos I s l a n d ,  bu t  t h e  b a r r i e r  r e e f s  and lagoon pa t ch  r e e f s  a r e  f o r  
t h e  most p a r t  i n  t h e i r  n a t u r a l  s t a t e .  The Cocos b a r r i e r  r e e f s ,  lagoon, 
and i s l a n d  a t  t h e  wes te rn  t i p  a r e  p r e s e n t l y  used q u i t e  heav i ly  a s  a  
t o u r i s t  and r e c r e a t i o n  c e n t e r .  

With regard  t o  s t r u c t u r a l  geology, t h e  major f e a t u r e  found w i t h i n  
t h e  GSSA is  t h e  Cocos f a u l t  which s e p a r a t e s  t h e  Cocos and Bolanos 
blocks.  The l a r g e r  p a r t  of t h e  GSSA occupies  t h e  wes te r  h a l f  of t h e  
Bolanos b lock  whose 'nor thern boundary is  t h e  Ta lofofo  f a u l t  which l ies  
o u t s i d e  t h e  park  a r e a .  A t  a  much sma l l e r  s c a l e ,  bu t  very  conspicuous,  
a r e  t h e  numerous slumps and slump s c a r s  a long  t h e  s l o p e s  of t h e  s t e e p  
mountain land .  The r e t i c u l a r  d ra inage  p a t t e r n  on bo th  t h e  western and 
e a s t e r n  s l o p e s  of t h e  sou thern  mountains is  a l s o  most l i k e l y  r e l a t e d  
t o  s t r u c t u r a l  f e a t u r e s  developed i n  t h e  under ly ing  rocks.  

Although no unique s o i l  t ype  i s  found w i t h i n  t h e  GSSA, a l l  bu t  
two of t h e  twelve s o i l  t ypes  des igna ted  f o r  Guam a r e  found w i th in  i t s  
boundary. Because of e ro s ion  and slumping v a r i o u s  c o l o r f u l  s o i l  
p r o f i l e s  and weathered exposures  t h a t  p r e s e r v e  t h e  o r i g i n a l  o u t l i n e s  
of o ld  p i l l ow  b a s a l t s ,  conglomerates,  sands tones ,  s h a l e s ,  and o t h e r  
s t r u c t u r a l  f e a t u r e s  a r e  conspicuous a t  many p l a c e s  w i t h i n  t h e  GSSA. 
Of s i g n i f i c a n c e  a l s o ,  i s  a  depos i t  of a l luv ium h igh  i n  t h e  mountainous 
land on t h e  e a s t  s l ope  of Mount Lamlam where a V-shaped pocket forms 
a  l o c a l i z e d  marsh and p e r i p h e r a l  swamp land .  This  wetland reg ion  is  
over  1100 f e e t  i n  e l e v a t i o n ,  d i f f i c u l t  t o  g a i n  acces s ,  and may be t h e  
l a s t  h a b i t a t  r e fuge  f o r  t h e  endangered n i g h t i n g a l e  reed-warbler,  
Acrocephalus l u s c i n i a  (Quoy and Gaimard). 

Although beaches a r e  g e n e r a l l y  smal l  and i n t e r m i t t e n t l y  developed 
a long  t h e  c o a s t a l  r eg ion  of t h e  GSSA, t h e y  pos se s s  some i n t e r e s t i n g  
f e a t u r e s .  Most s i g n i f i c a n t  of t h e s e  a r e  t h e  occur rence  of l i g h t  cream 
t o  buff co lored  beaches i n t e r s p e r c e d  w i th  s t r e t c h e s  t h a t  a r e  predomi- 
n a n t l y  da rk  co lored .  Black t o  dark  co lored  sands a r e  not  r e s t r i c t e d  
t o  t h e  c o a s t a l  r eg ion  w i th in  t h e  GSSA, b u t  t h e  most widespread 
occurrence of such beaches occur a t  C e t t i  and S e l l a  Bays and a t  o t h e r  
bays and s t r e t c h e s  of c o a s t l i n e  where v o l c a n i c  rocks  reach  t h e  shore- 
l i n e  w i t h i n  t h e  park  a r ea .  

About t h e  on ly  s i g n i f i c a n t  economic geo log i c  f e a t u r e  w i th in  t h e  
GSSA i s  t h e  presence  of r e l a t i v e l y  unweathered exposures  of b a s a l t i c  
and d i k e  rock  t h a t  could be used f o r  c o n s t r u c t i o n  purposes.  Beach 
sand is  a l s o  of economic importance,  and i n  h igh  demand f o r  construc-  
t i o n  purposes .  These r e sou rce s  a r e  of l i m i t e d  e x t e n t  and should b e  
p ro t ec t ed .  Sand and rock f o r  c o n s t r u c t i o n  purposes  can be ob ta ined  
from o t h e r  sources .  Hard c r y s t a l l i n e  l imes tone  f o r  cons t ruc t i on  
purposes  is abundant on t h e  no r the rn  p l a t eau .  Sand f o r  similar 



purposes  can be o b t a i n e d  by c r u s h i n g  c r y s t a l l i n e  l i m e s t o n e  rocks  o r  
weakly cemented. l a g o o n a l  d e p o s i t s  from t h e  n o r t h e r n  p l a t e a u ,  

I n  summary, t h e  proposed GSSA would i n c l u d e  more s i g n i f i c a n t  
g e o l o g i c  f o r m a t i o n s ,  p h y s i o g r a p h i c  l a n d  u n i t s ,  smal le r - sca led  land-  
forms, s o i l  t y p e s ,  and d i v e r s e  marine  and c o a s t a l  f e a t u r e s  t h a n  any 
o t h e r  p a r t  of  t h e  i s l a n d .  By ex tend ing  t h e  n o r t h e a s t  boundary t o  
i n c l u d e  t h e  Mahlac River  v a l l e y  t h e  s i g n i f i c a n c e  and d i v e r s i t y  of 
g e o l o g i c  f e a t u r e s  would be c o n s i d e r a b l y  enhanced. The proposed a r e a  
i s  a l s o  r e l a t i v e l y  undeveloped and s p a r c e l y  popula ted ,  and consequen t ly  
h a s  a  g r e a t e r  a r e a  of  p r i s t i n e  environment t h a n  any o t h e r  s i m i l a r  
s i z e d  p a r t  of t h e  i s l a n d .  
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Fi.gure 1. Map of Guam showing the location of the GSSA. 
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SOUTH GUAM 
(Umatac to Nomna Bay) 
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Figure 2. Generalized s t r a t i g r a p h i c  s e c t  ion  f o r  
southern Guam. L e t t e r s  i n  age column 
i n d i c a t e  c o r r e l a t i o n  with Indonesian 
f auna l  zones of Van der  Vlerk (1927). 
Column taken from Tracey et a l .  (1964). -- 
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Figure 3 .  P r o f i l e  s ec t ions  f o r  t h e  no r the rn  
(Sect ion D-Dt ) and southern  (Sect ion  
E-E') p a r t s  of t he  GSSA. See Figure  
4 f o r  p r o f i l e  l oca t ions  and rock forma- 
t i o n ,  member, and f a c i e s  names. P r o f i l e s  
modified from Tracey et a l .  ( 1 9 6 4 ) .  



Figu re  

to' ' 

Mamatgun Point 

KILOMETERS 

4. Geologic map of t h e  GSSA. Legend f o r  t h e  map i s  on pages 42 and 
See F igu re  3 f o r  p r o f i l e  s e c t i o n s  D-D' and E-E'. Map modif ied f  
Tracey et a l .  (1964) - -- 
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LEGEND FOR GEOLOGIC MAPS 

Q a f  - A r t i f i c i a l  f i l l  

Qrb  - Beach depos i ts  

Qrm - Meri zo 1 imestone 

Qal - A l luv ium 

Mariana 7 imestone: 
Q t m r  - Reef f a c i e s  
Qtmd - D e t r i t a l  f a c i e s  
Qtrnm - ?4ol luscan f a c i e s  
Q t m f  - Fore-reef  f a c i e s  
Qtma - Agana a r g i l l a c e o u s  member 

Tal - A1 i f a n  1 imestone 
i t  - T a l i s a y  member 

T j  - Janum format ion  

Tbl - B a r r i  gada 1 imes tone 

Tb - Bonya l imestone 

Umatic fo rmat ion :  
Tu f  - Facpi vo l can i c  member 
Turn - Vaernong l imestone member 
Tub - Bolanos p y r o c l a s t i c  member 
Tud - Dandan f l o w  member 

A1 u tom forma ti on : 
Ta - Alutorn fo rmat ion  
Tam - blahlac member 

"IZ!?:- Reef margins and r e e f  f l a t s  

- - - - -  
Contact 

Dashed where approximate ly  1 ocated , grada t i ona l  o r  i n f e r r e d .  

A U - ?o.---*" Faul t, show~ng d i p  
Sol i d  where d e f  i n i  t e l y  1 ocated ; dashed where approximate ly  1 ocated ; d o t t e d  
where concealed. Quer ies  i n d i c a t e  u n c e r t a i n t y  as t o  ex is tence o f  f a u l t .  
Arrows show r e l a t i v e  movment. U, upthrown s ide ;  D j  downthrown s ide.  

N .d 
/IY-A/-/r/-J // 

P6 

Brecci  a t e d  zone 
Crushed and b recc ia ted  zone i n  l imestone.  Zone may grade i n t o  j o i n t  and 
f a u l t  zones a long i t s  s t r i k e ,  and i n t o  massive, s t r u c t u r e l e s s  rock  perpen- 
d i c u l a r  ,to i t s  s t r i k e .  

Thrus t  f a u l  t 
Dashed where i n f e r r e d .  1, i n d i c a t e s  upper p l  ate .  

Legend cont inued on next page: 



Legend For Geol ogi c ?laps (Conti nued ) 

Antic1 ine 
Showing crest1 ine and bearing and plunge of axis. 

Sync1 ine 
Showing position of trough and bearing and plunge of axis.  

Strike and d i p  of beds. Strike and dip of joints.  

Strike of vertical joints 
A l ine of joint symbols indicates a proininent joint or structural lineament, 
along which unbrecriated limestone i s  cut by a dominant set  of joints in 
which solution has produced deep fissures bounding elongate, pinnacled 
ridges or along which volcanic rocks are cut by recognizable structural 
1 ines that show as a series of knobs and ridges crossing topographic trends 
or as fine fissures. I n  places, drainage patterns and valley-wall aline- 
ments are determined by these 1 ines. Winor movement a t  the zone may have 
occurred, b u t  significant stratigraphic displacement i s  not shown. 



Figure  5. Rela t ive  s t r a t i g r a p h i c  p o s i t i o n s  of t h e  
var ious  members of t h e  Umatac Formation 
wi th in  t h e  GSSA. Modified from Tracey 
and S ta rk  (1963). 
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Facpi 

Rough summit land 

mi Mountoino~s lond 

1 Dissected sloping ond rolling land 

Hilly lond 

Plateau land 

Interior basin and broken land 

1 Coastal lowlond and volley floor# 

Figure 6 .  Physiographic divisions of Guam. Figure taken from 
Tracey et al. (1959). 



BLOCK 

BLOCK <@ 7 \ 

MILES 

EXPLANATION 

Faul t mapped on Guam B l  ack arrows i ndi cate  
tectonical ly ti 1 ted block; --- --. whi t e  arrow indicates slope 

Inferred f a u l t  mapped on due to primary deposi ti onal 
Guam and offshore exten- dip;  slashed arrow indicates 
sions of both mapped and slope due to  combination of 
i nferred faul ts ci rcums tances 

Topographic d i p  o f  struc- 
tu ra l  blocks 

A - Cocos f a u l t  D - Adelup fault 
B - Talofofo f a u l t  zone E - Tamuning-Yfgo f a u l t  zone 
C - Cabras f a u l t  F - Faults bounding the Santa Rosa horst  

Figure 7. S t r u c t u r a l  subdiv is ions  of Guam. ~ i g u r e  modified from 
Tracey et al .  (1964). 



Figure  8. Engineering geology map of t h e  GSSA. See pages 48- 
50 f o r  map legend and s h o r t  d e s c r i p t i o n  of the 
va r ious  u n i t s .  Map modified from May and Schlanger 
(1959). 



LEGEND FOR ENGINEERING GEOLOGY MAP 

FAULT, SHOWING DIP 

Dashed where approximately located; dotted where concealed. 
Question mark indicates inferred fau l t .  U, upthrown side; D, 
downthrown side. 

Zone of many intersecting, closely spaced fractures.  The rock 
in places comprises angular fragments i n  a f r iable  matrix. 
Zone may grade along i t s  t race t o  joint  and faul t  zones, and a t  
depth, 10-massi ve, s tructurel ess rOCKs. 

/--'+ 
THRUST FAULT 

Dashed where inferred. T indicates upper side of f au l t .  

# 
ANTICLINE 

Showing location of s tructural  ridge. Sinqle arrow a t  end indi- 
cates direction of downward inclination of the structure.  

SYNCLINE 

Showing locati'on o f  structural trough. Single arrow a t  end in- 
di cates direction of downward incl ination of the s tructure.  

+A 

STRIKE AND DIP OF INCLINED JOINTS 

x 

STRIKE OF VERTICAL JOINTS 

93 
QUARRY OR PIT 



ENGINEERING GEOLOGY 

EXPLANATION 

Limes tone Mater ia ls  

1 - Compact Coral 1 i ne Limestone. Massive, compact, r ec r ys ta l  i zed, 
whi te  t o  1 i ght-brown 1 imestone conta in ing numerous cora l  heads i n 
a hard, f ine-grained a1 gal mat r ix ;  includes some porous 1 imestone 
and some 1 imy rubble. Thick, i r r e g u l a r  sheathings o f  U n i t  1 occur 
on rugged coastal  slopes, upon t he  seaward margins o f  porous l ime- 
stones o f  Uni ts 2 and 3. Excavation requ i res  extensive d r i  11 i n g  
and b l as t i ng .  This u n i t  suppl ies very good cyclopean r ip rap ,  and 
crushed aggregate f o r  base course, wearing course, and concrete. 
Large quarr ies  are a t  Cabras I s l a n d  and Fadian Point .  

2 - Coral l i n e  Limestone And Rubble. Predominantly whi te  t o  reddish- 
brown c o r a l l i n e  rubble i n  a loose t o  porous l i t h i f i e d  limesand 
mat r i x .  There are a lso  sca t te red  massive ledges and lenses o f  vuggy 
and compact coral  1 i n e  1 imes tone, and 1 arge, i r regu la r  exposures 
o f  chalky limestone; vuggy l imestone commonly i s  along the margins 
o f  U n i t  1, and chalky l imestone genera l l y  i s  i n  t he  cen t ra l  p a r t  o f  
Uni t 2 on the northern plateau.  Most socks o f  U n i t  2 can be exca- 
vated by power equipment; d r i l l i n g  and b l a s t i n g  w i l l  expedi te removal 
o f  the vuggy l imestone. U n i t  2 supp l ies  very good base course and, 
i f  processed, aggregate f o r  roads; ex tens ive ly  developed and u t i l i z e d .  

3 - Clayey Coral l i n e  Limes tone And Rubble. Predominantly reddish- 
b rmn ,  clayey, rubb ly  co ra l1  i ne  l imestone. There a lso  are scat tered 
lenses and beds o f  porous, c layey l imestone; 5 t o  20% o f  the u n i t  i s  
disseminated c lay  i n  t he  rock, and c l ay  f i l l i n g  cav i t i e s  i n  t he  rock. 
Loca l l y  the  rock i s  bu r i ed  by s o i l s  as much as 50 f e e t  t h i c k .  Vol- 
can ic  rocks o f  Un i t  4 and 5 d i p  under the rocks o f  U n i t  3. Most o f  
U n i t  3 can be excavated w i t h  power equipment; d r i l l i n g  and b l a s t i n g  
w i l l  expedi te excavation i n  compact l imestone and i n  we l l  bonded 
rubble. U n i t  3 suppl ies good t o  f a i r  aggregate f o r  f i l l  and sub- 
base, and clay-coated aggregate; L im i t ed  development f o r  mate r ia l  
f o r  l o ca l  roads and f i  11 , and many small  quar r ies  (most ly  abandoned). 
Conceal ed caverns are common. 

Volcanic Rock Mater ia ls  

4 - Volcanic Tu f f .  Predominantly t h i  clc, bedded, f ine-grained 
vo lcan ic  t u f f s .  There a l so  are interbedded volcanic conglomerates 
and breccias,  and interbedded l ava  f lows. Fractures and j o i n t s  a re  
comnon; l o c a l l y  there  i s  complex f o l d i n g  and f au l t i ng .  Most hard 
rock on r o l l  i n g  uplands i s  bu r i ed  under 50 o r  more f ee t  o f  c l ay  and 
s o f t  clayey r o t t e n  rock; much hard rock i s  exposed on steep and 
rough broken land. Weathered rock can be e a s i l y  excavated w i t h  hand 
t oo l s  and power equipment; d r i l l i n g  and b l a s t i n g  w i l l  expedi te re-  
moval o f  hard rock. Rarely used f o r  const ruc t ion mater ia ls ;  provides 
poor f i l l  and embankment; se lec ted hard boulders and compact 1 ime- 
stone may be su i t ab l e  f o r  sub-base and base courses. Roadbeds and 
foundations f o r  heavy i n s t a l l a t i o n s  on weathered rock must have ade- 
quate drainage. 



5 - Volcanic Conglomerate. Predominantly dark-gray, massi ve vol- 
canic conglomerate with incl uded 1 imestone fragments. There a1 so 
are massi ve and bedded, gray tuffaceous shales and sandstones. 
Rocks of U n i t  5 are similar in character t o  those of Unit 4 ,  b u t  
are less fractured and faulted. Much of U n i t  5 i s  deeply weathered. 

6 - Lava Flows. Upper part of the u n i t  consists of basalt  flows 
wi t h  interbedded massive and bedded tuffaceous shales ,  sandstones, 
and conglomerates ; the lower part ,  of thick,  moderately hard pi1 low 
basalts and dikes. There i s  some interbedded grayish limestone. 
Weathered rock can be easi ly excavated by hand and power tools;  hard 
rock must be dri 1 led and blasted. Much of the rock i s  deeply weathered 
t o  clay. Not used for  construction materials, although hard dike rock 
i s  very good for  crushed aggregate. Roadbeds and foundations, expecial- 
ly on weathered rock must have adequate drainage. 

Unconsol i dated Materi a1 s 

7 - Beach Sands And Gravels. Predominantly discontinuous veneering 
beach and embayment deposits of unconsolidated 1 imey granular materials. 
Materials include fragments of shel l s ,  corals ,  algae, and other reef 
materials . Volcanic detr i tus  and clay are common consti tuents along 
vol canic rock coasts, and are major constituents of the mouths of rivers 
draining volcanic rock hinterlands. Beach materials above the water 
table can be easi ly excavated w i t h  hand tools and power equipment. 
Unit 7 supplies 1 ime~and for f i l l e r  in coarse aggregate and blanket 
cover on clays. Active sand pi ts  are a t  Tumon and  Tarague embayments . 
8 - Lagoonal Deposits . Limy, granular marine deposits 10 t o  50 feet 
thick in the shal low basins of larger lagoons ; general ly contaminated 
by clay and organic material. Granular material ranges in s ize  from 
s i l t  to  pebble and gravel t o  large coral boulders as much as TO feet 
in diameter; average s i z e  i s  sand and gravel, or cobbly gravel. Can 
be eastly excavated w i t h  dredging equi pment and drag1 ine. Significant 
reserves are a t  Apra Harbor and Cocos Lagoon and probably in embay- 
ments along the southeast coast; used extensively around Apra Harbor 
for f i l l .  

9 - Alluvium. Predominantly clayey sediments 5 t o  150 feet  thick i n  
nearly a l l  valley bottoms and on gently sloping alluvial fans and 
earthy floors i n  large basins in limestone ter ra in .  ~ u t k o i l s  are 
varicolored clays and s i l t s ,  generally firm to p las t ic  when moist, so f t ,  
and p las t ic  and sticky when wet, hard and cracked when dry; topsoils are 
dark colored and contain much organic matter. Water table ranges in 
depth from a few fee t  near the coast to a few tens of fee t  inland. Clays 
are viscous and soupy in saturated zones. Dry ea'rth material can be 
easily excavated by hand tools and power equipment; heavy equipment 
bogs down in wet seasons when flooding i s  common. Clayey materials are 
general ly unsuitabl e for  construction uses. 

F - Artif icial  Fi l l  And Made Land. 



Figure 9. S o i l  map of the GSSA. See pages 52 and 53 for a short 
description of the various s o i l  units .  Map modified 
from Stensland (1959). 
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Upland S o i l s  (on ~ imes tone )  

1 - Guam Clay, Reddish, granular ,  permeable Latosol; general ly  very 
shallow ( l e s s  than 12 inches) ,  but  has some pockets or  narrow troughs 
of deep s o i l ;  prevai l ing surface gradient 1 t o  8 percent. 

4 - Saipan-Yona-Chacha Clays. Chacha-Saipan c lays  with a shallow 
brownish Lithosol ( ~ o n a  c lay)  on many of t h e  narrow convex ridge-tops 
and s teep slopes;  s o i l  depth s imi la r  t o  Unit 3, except Yona clay which 
generally grades i n t o  clayey limestone a t  about 12 t o  24 inches below 
surface;  react ion of Yona clay i s  thus  a lka l i ne  o r  calcareous; prevail-  
ing surface gradient 8 t o  25 percent.  (see  page 235 f o r  descr ipt ion of Unit 3 ) .  

5 - Yona-Chacha Clays. Yona c lay  i s  on most narrow convex ridge-tops 
and s teep s ide  slopes,  with Chacha on intervening slopes;  a l so  s m a l l  
a reas  of shallow stony phase Saipan c lay;  depth of s o i l  with convex 
surface i s  generally l e s s  than 2 o r  3 f e e t ,  with concave surface it i s  
general ly  more than 3 f e e t ;  slopes range from 25 t o  more than 100 per- 
cent but prevai l ing surface gradient i s  commonly 30 t o  65 percent. 

Upland So i l s  (on Volcanic Rocks) 

6 - Atate-Agat Clay, Rolling. Remnant benches or small mesas of an o ld  
red,  granular,  porous, acid  Latosol ( ~ t a t e  c lay)  with deep, reddish,  
mottled, p l a s t i c  t o  hard c lay  C horizon, pa le  yellow, o l i ve ,  or  gray 
i n  lower pa r t ;  and i t s  truncated counterpart  (&at c lay)  with s imilar  
C horizon of s a p r o l i t i c  c lay,  ranging i n  depth from a few f e e t  t o  about 
100 f e e t ,  and averaging about 50 f e e t  ; prevai l ing surface gradient of 
Atate c lay i s  1 t o  8 percent,  and of Agat c lay  8 t o  15  percent. 

7 - Agat-Asan-Atate Clays, Hi l ly .  Atate-Agat c lays  and a dark grayish- 
brown Regosol ( ~ s a n  c lay)  developed i n  more severely truncated s a p r o l i t e  
( s imi la r  t o  lower part of C horizon described i n  Unit 6 ) ;  s o i l  depths 
s imi la r  t o  those of Unit 6, except Asan c l ay  which ranges from a few 
f e e t  i n  depth t o  generally l e s s  than 50 f e e t ;  prevai l ing surface gradient 
1 5  t o  50 percent. 

8 - Agat-Asan Clays And Rock Outcrop, Very Hilly To Steep. Chiefly of 
t he  truncated Latosol (&at  c lay)  and the  Regosol ( ~ s a n  c l ay )  with some 
un-named dark grayish-brown Lithosols and sca t te red  small areas  of 
volcaaic rock outcrop (basa l t  and bedded t u f f s ) ;  depth t o  rock ranges 
from 0 t o  50 or  more f e e t  and averages perhaps 20 t o  35 f e e t  ; prevai l ing 
surface gradient 35 t o  more than 100 percent. 



S o i l s  o f  Coasta l  and Valley F l a t s  

9 - Pago Clay. Brownish, granular  t o  f i rm and p l a s t i c  Al luv ia l  c l ay ,  
with gray mot t l ing  t o  wi th in  24 t o  30 inches of t h e  su r face ;  genera l ly  
a l k a l i n e  t o  n e u t r a l ;  s o i l  depth i s  genera l ly  more than 1 0  and l e s s  than 
150 feet ;  moderately wel l  drained;  subject  t o  occasional  f looding;  
p reva i l ing  surface  gradient  1 t o  3 percent .  

1 0  - Inara jan  Clay. Simi lar  t o  Pago Clay but  lower, we t t e r ,  and 
shallower ( t h i n s  out on c o a s t a l  sands and bedrock) ; water t a b l e  a t  o r  
near t h e  surface  (wi th in  30 inches)  most of t h e  time; poor drainage,  
mot t l ings  (gray)  wi th in  6 t o  1 2  inches of t h e  surface;  depth t o  sand 
o r  bedrock ranges from 3 t o  25 o r  more f e e t ;  r eac t ion  i s  a l k a l i n e  i n  
water sa tu ra ted  zone; poorly dra ined;  f requent ly  flooded; p reva i l ing  
su r face  gradient  0 t o  1 percent .  

11 - Muck. Black t o  brown, s o f t  muck and pea t ,  with some c l a y  and s i l t ;  
depth t o  underlying mate r i a l  ( c h i e f l y  limesand o r  s h e l l y  c l a y )  ranges 
from 3 t o  20 f e e t ,  averages 5 t o  1 0  f e e t ;  a l k a l i n e  reac t ion  below t h e  
water t a b l e ,  which is  genera l ly  a t  o r  near t h e  surface;  p reva i l ing  
su r face  gradient  i s  l e v e l  o r  very nea r ly  l e v e l .  

12  - Shioya S o i l s .  Pa le  brown t o  white,  f ine- ,  medium-, o r  coarse- 
grained limesand, commonly wi th  grayish-brown loamy sand o r  sandy loam 
sur face  horizon 6 t o  18 inches t h i c k ;  depth t o  water t a b l e  ranges from 
5 t o  25 f e e t ,  depth t o  bedrock ranges from 3 t o  35 f e e t ;  p reva i l ing  
su r face  gradient  1 t o  5 percent .  

Miscellaneous Land Types 

13f - Limestone Rock Land, Steep.  Similar  t o  Unit 13b but c o n s i s t s  
l a r g e l y  of s t eep  r idges ,  sca rps ,  and c l i f f s ;  p reva i l ing  surface  
gradient  25 t o  more than 100 pe rcen t ,  with many scarps  o r  c l i f f s  near ly  
v e r t i c a l .  (see page 235 f o r  desc r ip t ion  of U n i t  13b). 




