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16 Abstract (Llmll 200 words1 

A reconnaissance was made o f  the Metula s p i l l  area t o  determine coasta l  morphological 
s i m i l a r i t i e s  between t h e  a f fec ted  area and f u t u r e  p o t e n t i a l  s p i l l  s i t e s  i n  New England 
and Alaska. O i l  was s t i l l  very much i n  evidence i n  the i n t e r t i d a l  po r t i ons  o f  the 
shorel ine.  The gravel  sediments o f  the  h igh  beach face and the  low- t ide  te r race  were 
cemented by a  mousse-oil m ix tu re  i n t o  layers  several cent imeters th i ck .  A l a y e r  
o f  mousse up t o  one cent imeter  t h i c k  remained on extensive areas o f  the  t i d a l  f l a t s .  
I n  places, a  dense blue-green a lga l  mat was growing on t h e  surface o f  the o i l .  The 
S t r a i t s  d i s s e c t  major Pleistocene o l a c i a l  deposits, i nc lud ing  terminal and ground 
moraines and terraced outwash p la ins .  Ins ide  t h e  F i r s t  Narrows the sediment type and 
beach morphology show a  s t r i k i n g  resemblance t o  the Pleistocene g lac ia ted  shore l ine  
o f  southern New England and the present g l a c i a l  shore l ine  o f  the  south coast  o f  Alaska. 
T ida l  and wave cond i t ions  i ns ide  the  narrows are laos analogous t o  southern New England 
On t h e  A t l a n t i c  s ide  o f  the  F i r s t  Narrows, t i d a l  range increases ab rup t l y  t o  approxi -  
mate ly  10 m. a t  spr ing  t i de .  A t  low t ide ,  t i d a l  f l a t s  over 5  km. i n  w id th  are exposed. 
These t i d a l  P la ts  are very s i m i l a r  i n  appearance t o  t i d a l  f l a t s  a t  Cook I n l e t  and i n  
the Copper R iver  d e l t a  reg ion  o f  southern Alaska. 
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Objective 

To conduct a reconnaissance study of the  coas t a l  geomorphology and 

sedimentation of t h e  Metula O i l  S p i l l  s i t e  i n  order  to  determine whether 

t h e  impact a rea  i s  s u f f i c i e n t l y  s i m i l a r  t o  p o t e n t i a l  s p i l l  a r eas  i n  the  

United S t a t e s  t o  warrant a d e t a i l e d  inves t iga t ion  of the  physico-chemical 

e f f e c t s  of t h e  s p i l l .  

Conclusions and Recommendations 

1) O i l  is s t i l l  very much i n  evidence one year a f t e r  t h e  s p i l l ,  e spec ia l ly  

on t h e  shore l ine  of the  south s i d e  of t h e  F i r s t  Narrows (Primera Angostura). 

Many d i f f e r e n t  c o a s t a l  environments have been a f f ec t ed ,  including beach f ace  

and low-tide t e r r a c e  por t ions  of t h e  beach zone,, t i d a l  f l a t s ,  marsh a reas ,  

and t i d a l  channels.  Therefore, a study of t h e  e f f e c t s  of the  s p i l l  on t h e  

d i f f e r e n t  environments is s t i l l  qu i t e  f eas ib l e .  

2) The s i m i l a r i t y  between t h e  shore l ine  environment of the  S t r a i t s  and 

c e r t a i n  p a r t s  of t h e  United S t a t e s  i s  remarkable. The por t ion  of shore l ine  

west of t h e  F i r s t  Narrows bears  a s t rong resemb:Lance t o  the  shore l ine  of 

New England, e spec ia l ly  the  Boston Harbor a rea ,  t h e  south shore of Massachusetts, 

and t h e  north shore of Long Is land .  This s i m i l a r i t y  probably r e s u l t s  from 

t h e  very s i m i l a r  geologica l  h i s t o r i e s  of t h e  two a r e a s ,  a s  wel l  a s  comparable 

wave and t i d e  condi t ions .  The beach morphology, sediment t e x t u r e ,  and 

sediment composition a r e  v i r t u a l l y  the  same f o r  the two a r e a s .  East of t h e  

F i r s t  Narrows, t h e  t i d a l  range increases  sharp ly ,  reaching 30 f t  during spring 

t i d e s .  Broad t i d a l  f l a t s  a r e  exposed a t  low t i d e  ( f ron t i sp i ece ) .  The 

morphology of these  f l a t s  i s  very s imi l a r  t o  t h e  t i d a l  f l a t s  of Cook I n l e t  

and t h e  Copper River Delta area of Alaska. 
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3) Climate. The climate of t h e  impact a rea  i.; t h a t  of a middle l a t i t u d e  

s teppe.  Ra in fa l l  ranges between 250 mm and 350 mm per year .  Mean monthly 

temperatures range between lo and l loc .  Strong winds blow cons i s t en t ly  from 

t h e  west a t  v e l o c i t i e s  t h a t  commonly exceed 20 k t s .  

4) Oceanography. The t i d a l  range v a r i e s  g r e a t l y  within t h e  impact a rea ,  

from almost 30 f t  a t  the  A t l a n t i c  entrance t o  the  S t r a i t s  t o  12  f t  a t  Bahia 

Fe l ipe  ( in s ide  t h e  F i r s t  Narrows). Mean t i d a l  range drops t o  3 .8  f t  a t  Punta 

Arenas, because of t h e  buffer ing e f f e c t  of t h e  two narrows of the S t r a i t s .  

No wave da ta  i s  ava i l ab le  f o r  t h e  impact a rea ,  but no l a r g e  waves were 

observed i n s i d e  t h e  S t r a i t s ,  even during s t rong winds. 

5) Geomorphology. The eas t e rn  entrance t o  t h e  S t r a i t s  i s  flanked on e i t h e r  

s i d e  by spec tacular  cuspate s p i t s  t h a t  a r e  slowly migrating westward under 

t h e  inf luence of A t l an t i c  Ocean waves. Huge t i d a l  f l a t s  up t o  7 h i n  width 

occupy t h e  south shore of the  S t r a i t s  t o  the  e a s t  and west of t h e  F i r s t  

Narrows. The Narrows a r e  bordered by high c l i f f s  i n  morainal till. The 

remainder of t h e  shore l ine  i s  dominated by gravel  beaches. The c h a r a c t e r i s t i c  

morphology of these  beaches cons i s t s  of one or  more berms, a main beach face  

and a broad, f l a t  low-tide t e r r ace .  

6) Sediments. Sediments of t h e  beaches range i n  s i z e  from huge boulders t o  

f i n e  sand. Thir ty- three beach and dune samples were analyzed f o r  g r a i n  s i z e .  

The grand means fo r  t h e  33 samples were: mean s i z e  (M,) = -1.21$ (2.15 mm; 

granule) ;  skewness (Ski) = 0.10 (near symmetrical); s o r t i n g  (aI) = 1.46$ 

(poorly s o r t e d ) .  A sample from t h e  eas t e rn  edge of t h e  Banco Lomas t i d a l  

f l a t s  was cmposed of 56% f i n e  sand and 44% mud, whereas two samples from t h e  

western s i d e  of t h e  f l a t s  were composed of 24% sand, 76% mud and 16% sand, 
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84% mud respec t ive ly .  The beach gravel  i s  composed predominantly of rock 

fragments. Point counts on t e n  t h i n  sec t ions  of  sand samples showed the  

sand t o  have a  s i m i l a r  composition. Volcanic and metamorphic rock fragments 

make up 59% of t h e  g r a i n s ,  whereas quartzose gra ins  equal only 25% of the  t o t a l .  

7) We received exce l l en t  cooperation from t h e  people of Chile,  e spec ia l ly  

from t h e  personnel a t  t h e  I n s t i t u t o  de l a  Patagonia i n  Punta Arenas, ENAP 

personnel i n  Punta Arenas and Santiago, and Admiral Allen i n  Punta Arenas. 

We had no problems conducting our work and received every ind ica t ion  from 

many sources t h a t  f u t u r e  work on the  s p i l l  would be welcomed by the  

s c i e n t i s t s  and government o f f i c i a l s  of Chile.  

8) I n  conclusion, the  r a t i o n a l e  f o r  U .  S. involvement i n  a  study of the  

Metula O i l  S p i l l  ou t l ined  by Perhac i n  t h e  l a s t  paragraph of page 2 of h i s  

memorandum of 1 J u l y ,  1975, t o  Larry Tombaugh, Division Direc tor ,  AENV, i s  

completely j u s t i f i e d  i n  our opinion. Perhac ' s  concluding statement was: 

I ,  No such l a rge  s p i l l s  a s  t h a t  i n  Chile have occurred i n  the  United S t a t e s ,  

hence a  study of t h e  Chilean s p i l l  i s  d e s i r a b l e  i f  we wish t o  ga in  information 

t h a t  such a  calamity would provide." The f i e l d  da ta  t h a t  we gathered e n t i r e l y  

supports  t h i s  suggest ion.  
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ABSTRACT 

On August 9 ,  1974, t h e  Royal Dutch S h e l l  s u p e r t a n k e r  VLCC Metula r a n  
aground j u s t  west  of t h e  F i r s t  Narrows of t h e  S t r a i t s  of Magellan and 51,000 
t o n s  of Saud i  Arabian c rude  o i l  and 2,000 t o n s  of Bunker C f u e l  o i l  were  
r e l e a s e d  i n t o  t h e  w a t e r s  of t h e  S t r a i t s  (Hann, 1974). Only t h e  Tor rey  
Canyon d i s a s t e r  s p i l l e d  a g r e a t e r  q u a n t i t y  of o i l .  

A p r e l i m i n a r y  assessment  made s h o r t l y  a f t e r  t h e  s p i l l  (Hann, 1974) 
i n d i c a t e d  t h a t  40,000 t o n s  of o i l  were d e p o s i t e d  a long 75 m i l e s  of s h o r e l i n e ,  
w i t h  t h e  T i e r r a  d e l  Fuego s i d e  r e c e i v i n g  t h e  major amounts. The q u a n t i t y  
of o i l  depos i t ed  on t h e  beaches v a r i e d  g r e a t l y  along t h e  c o a s t ,  depending 
on wind, wave and t i d a l  c o n d i t i o n s  and l a n d  c o n f i g u r a t i o n .  B i o l o g i c a l  impact 
was r e p o r t e d l y  s e v e r e  (Hann, 1975) .  

A r econna i s sance  was made of t h e  Metula  s p i l l  a r e a  i n  August, 1975, t o  
de te rmine  c o a s t a l  morphological  s i m i l a r i t i e s  between t h e  a f f e c t e d  a r e a  and 
f u t u r e  p o t e n t i a l  s p i l l  s i t e s  i n  New England and Alaska.  O i l  was s t i l l  v e r y  
much i n  evidence i n  t h e  i n t e r t i d a l  p o r t i o n s  of t h e  s h o r e l i n e .  The g r a v e l  
sed iments  of t h e  h i g h  beach f a c e  and t h e  low-t ide  t e r r a c e  were cemented by a 
mousse-oil  mix tu re  i n t o  l a y e r s  s e v e r a l  c e n t i m e t e r s  t h i c k .  A l a y e r  of mousse 
up t o  1 cm t h i c k  remained on e x t e n s i v e  a r e a s  of  t h e  t i d a l  f l a t s .  I n  p l a c e s ,  
a dense  blue-green a l g a l m a t  was growing on t h e  s u r f a c e  of t h e  o i l .  

The S t r a i t s  d i s s e c t  major P l e i s t o c e n e  g l a c i a l  d e p o s i t s ,  i n c l u d i n g  
t e r m i n a l  and ground moraines and t e r r a c e d  outwash p l a i n s .  I n s i d e  t h e  F i r s t  
Narrows t h e  sediment t y p e  and beach morphology show a s t r i k i n g  resemblance 
t o  t h e  P l e i s t o c e n e  g l a c i a t e d  s h o r e l i n e  of  s o u t h e r n  New England and t h e  
p r e s e n t  g l a c i a l  s h o r e l i n e  of t h e  s o u t h  c o a s t  of Alaska.  T i d a l  and wave 
c o n d i t i o n s  i n s i d e  t h e  narrows a r e  a l s o  analogous  t o  s o u t h e r n  New England.  
On t h e  A t l a n t i c  s i d e  of t h e  F i r s t  Narrows, t i d a l  r ange  i n c r e a s e s  a b r u p t l y  
t o  approx imate ly  10 m a t  s p r i n g  t i d e .  A t  low t i d e ,  t i d a l  f l a t s  over  5 km 
i n  wid th  a r e  exposed. These t i d a l  f l a t s  a r e  v e r y  s i m i l a r  i n  appearance  t o  
t i d a l  f l a t s  a t  Cook I n l e t  and i n  t h e  Copper River  d e l t a  r e g i o n  of s o u t h e r n  
Alaska.  

To d a t e ,  no in-depth  s t u d i e s  have been c a r r i e d  o u t  on t h e  b i o l o g i c a l  
and p h y s i c a l  impact of t h e  s p i l l .  A s  l o n g  a s  t h e  o i l  remains on t h e  beaches  
and t i d a l  f l a t s ,  c o n d i t i o n s  seem i d e a l  f o r  a n  analogue s t u d y  of  t h e  physico-  
chemical  and b i o l o g i c a l  e f f e c t s  of t h e  s p i l l .  In fo rmat ion  gained from such 
a s t u d y  would b e  u s e f u l  i n  p lann ing  environmental  s t u d i e s  r e l a t e d  t o  
pe t ro leum t r a n s p o r t  and t e r m i n a l s  i n  t h e  New England and Alaska a r e a s .  



INTRODUCTION 

On 9 August, 1974, the  Royal Dutch She l l  supertanker VLCC Metula 

(206,000 dead weight tons;  328 m long) ran aground j u s t  west of t h e  F i r s t  

Narrows of the  S t r a i t s  of Magellan a t  t h e  southern t i p  of South America 

F i g .  1  Forty-six days l a t e r  i t  was r e f loa t ed ,  but  not  before 51,000 

tons  of Saudi Arabian crude o i l  and 2000 tons  of Bunker C f u e l  o i l  were 

released (Hann, 1975). Only t h e  Torrey Canyon d i s a s t e r  released a  g rea t e r  

quant i ty  of o i l  (117,000 tons;  Smith, 1968). 

A preliminary assessment made shor t ly  a f t e r  the s p i l l  (Hann, 1974) 

estimated t h a t  40,000 tons of o i l  were deposited along 75 miles  of shore l ine ,  

with the  T ie r r a  d e l  Fuego s i d e  rece iv ing  the  major amounts. The quant i ty  

of o i l  on t h e  beaches var ied  g r e a t l y  along t h e  coas t ,  presumably a s  a  

funct ion of the  wind, wave and t i d a l  condit ions and land configurat ion.  

Bio logica l  impact was reportedly severe,  a f f e c t i n g  600-2000 sea  b i r d s ,  

i n t e r t i d a l  mussel beds, marsh l i f e ,  and nekton (Hann, 1974; 1975). However, 

a  complete assessment was never made. Bio logis t s  a t  the  I n s t i t u t o  de l a  

Patagonia e r e  continuing study on t h e  b io log ica l  impact of the s p i l l  with 

minimal f i n a n c i a l  support .  

The primary purpose of t h i s  p ro jec t  was t o  conduct a  reconnaissance 

s tudy of t h e  coas t a l  geomorphology and sedimentation of the  Metula O i l  

S p i l l  s i t e .  The study was undertaken a t  t h e  suggestion of Ralph M. Perhac. 

Program Manager of ANEV, National Science Foundation. I n  a  memorandum t o  

Larry W .  Tombaugh dated 1 Ju ly ,  1975, Perhac suggested t h a t  t h e  Metula s p i l l  

might provide a  use fu l  analogue f o r  comparison with regions threatened with 

f u t u r e  s p i l l s  i n  
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England, and Puget Sound. Because he was unsure of t h e  d e t a i l s  of some of 

the  geomorphological and sedimentological comparisons he made i n  h i s  

memorandum, Perhac asked t h a t  I make a b r i e f  reconnaissance study of the  

Metula s i t e  due t o  my previous research experience on the  coas t s  of 

New England and Alaska. I was a s s i s t e d  i n  t h i s  study by Erich Gundlach, 

a Ph. D .  candidate i n  the  Department of Geology a t  t h e  Universi ty of 

South Carolina, who returned l a s t  spring from a 15 month tour  of duty i n  t h e  

Peace Corps i n  Valparaiso, Chile .  H i s  knowledge of the  language and previous 

contac ts  with seve ra l  u n i v e r s i t i e s  and government agencies  i n  Chile were 

invaluable a s s e t s  to  the  work. 

We v i s i t e d  t h e  s p i l l  area between 12 and 20 August, 1975 (see  Appendix I 

f o r  t imetable) .  The e n t i r e  area was photographed from t h e  a i r ,  using a 

chartered Cessna 172 fixed-wing a i r c r a f t .  Twelve s t a t i o n s  were v i s i t e d  on 

t h e  ground i n  order t o  measure beach p r o f i l e s  and c o l l e c t  sediment samples. 

Seven add i t iona l  s t a t i o n s  were v i s i t e d  and photographed. Approximately 2000 

photographs were taken and 50 sediment and o i l  samples were co l l ec t ed  (see  

loca t ion  of s t a t i o n s  on Fig.  2) .  
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knowledge of t h e  geomorphology of t h e  area was ex t remely  h e l p f u l .  

Many Chi lean o r g a n i z a t i o n s  p rov ided  u s e f u l  s c i e n t i f i c  and l o g i s t i c a l  

informat ion.  V e r t i c a l  a e r i a l  photographs  of t h e  s t u d y  a r e a  made a v a i l a b l e  

t o  u s  by ENAP personne l  i n  Punta Arenas proved t o  be  one of our  besc  s o u r c e s  

of in fo rmat ion .  S p e c i a l  thanks  a r e  extended t o  S r s .  Mario Mertens,  D i r e c t o r  

of O p e r a t i o n s ,  and P i e t r o  P a l i n i ,  D i r e c t o r  o f - E n g i n e e r i n g  O p e r a t i o n s ,  f o r  

p rov id ing  t h e  photographs  and o t h e r  i n f o r m a t i o n .  

Other o r g a n i z a t i o n s  and people  who a s s i s t e d  u s  d u r i n g  our  s t a y  i n  

C h i l e  a r e  l i s t e d  i n  Appendix I. 

Completion of t h e  f i n a l  r e p o r t  would n o t  have been p o s s i b l e  wi thou t  

t h e  a b l e  and generous  a s s i s t a n c e  of J a n e  Zenger,  who ran  t h e  sediment 

a n a l y s e s ,  and I a n  F i s h e r ,  Anne Bloun t ,  Stephen Zenger,  and Dorothy Attaway, 

who helped w i t h  t h e  d a t a  a n a l y s i s .  The a s s i s t a n c e  of C a r o l  Smith,  Anne Heckel,  

L e i t a  Hulmes, and Claud ia  Cain i s  a l s o  g r a t e f u l l y  acknowledged. 

OIL CONDITIONS 

O i l  from t h e  Metula s p i l l  was p r e s e n t  i n  d i f f e r e n t  amounts a t  a l l  t h e  

s t a t i o n s  v i s i t e d ,  excep t  s t a t i o n s  A. C ,  2 ,  and 7 (F ig .  2 ) .  Some d e g r e e  of 

o i l  s a t u r a t i o n  e x i s t e d  a long  2 4 7  km of s h o r e l i n e .  F i g u r e  3 shows t h e  a r e a l  

d i s t r i b u t i o n  of t h e  o i l ,  and Table 1 g i v e s  a  b r i e f  d e s c r i p t i o n  of t h e  o i l  

c o n d i t i o n s  a t  each s t a t i o n .  

The h e a v i e s t  o i l  accumulation was found on t h e  s o u t h  s i d e  of t h e  F i r s t  

Narrows a t  Punta  Espora ( S t a .  E;  F ig .  2 ) .  The a e r i a l  view of Punta  Espora 

g iven  i n  F igure  4 A  shows t h e  widespread occur rence  of o i l  o v e r  t h e  i n t e r t i d a l  



Table  1. O i l  Condi t ions  of t h e  Metula O i l  S p i l l  S i t e  i n  August 1975 

S t a t i o n *  O i l  Condi t ions  Remarks 

A no o i l  -- 

2 no o i l  -- 

3 l i g h t  

4 moderate 

B moderate 

C no o i l  (?)  

8 moderate 

7 no o i l  

6 moderate 

5 moderate 

D moderate 

F, 11, G moderate 

1 0  l i g h t  

l i g h t  

Minor g l o b u l e s  and t a r  b a l l s  mixed w i t h  
g r a v e l  and o t h e r  d e b r i s  of sp r ing-h igh- t ide  
swash l i n e . ,  

4 m wide zone of accumulat ion of o i l - s t a i n e d  
s e a  weed, g r a v e l  and o t h e r  d e b r i s  a t  t h e  
sp r ing-h igh- t ide  swash l i n e  (Fig .  9 ) .  

S i m i l a r  t o  s t a t i o n  4 b u t  n o t  examined i n  
d e t a i l .  

V i s i t e d  a t  h i g h  t i d e .  P o s s i b l y  some o i l  on 
low-tide t e r r a c e .  

Heavy o i l  zones cementing g r a v e l  a t  s p r i n g -  
h i g h - t i d e  swash l i n e .  Thin  o i l  l a y e r  on 
marsh. Apparent ly ,  broad zones  of  o i l  
accumulat ions  on t i d a l  f l a t s  ( s e e n  from a i r  
o n l y ) .  

E x t e n s i v e  s t a i n e d  pebb le  zones a t  h i g h  t i d e  
l i n e s .  Heavy t a r  c o a t i n g s  on b o u l d e r s  and 
g r a v e l  on low-t ide  t e r r a c e  (Fig. 10B). 

Oil-cemented conglomerate 10 cm t h i c k  a t  
sp r ing-h igh- t ide  l i n e  (Fig .  11A). Tar  
b a l l s  i n  d e b r i s  l i n e s .  

S i m i l a r  t o  s t a t i o n  5 ,  bu t  n o t  q u i t e  a s  much 
o i l .  

Same a s  5  and D. 

I n  p l a c e s ,  1 t o  2 cm t h i c k  s u r f i c i a l  
coverage of h igh  t i d a l  f l a t s .  Apparen t ly ,  
e x t e n s i v e  o i l  cover ing  on lower t i d a l  
f l a t s  (seen from a i r  o n l y ) .  

L i g h t  c o a t i n g  on marsh s u r f a c e .  Apparent ly  
e x t e n s i v e  o i l  c o a t i n g  on lower t i d a l  f l a t s  
and h i g h  marsh (seen from a i r  o n l y ) .  



Table 1. (Cont 'd . )  

S t a t i o n *  O i l  Cond i t ions  Remarks 

E heavy; h e a v i e s t  of Heavy t a r - l i k e  c o a t i n g  of o i l  on marsh 
any s t a t i o n  v i s i t e d .  s u r f a c e  and on e s t u a r i n e  t i d a l  f l a t s  

(Fig .  &A). Cemented conglomerate zones 
on beach f a c e  and low-t ide  t e r r a c e s  
(F igs .  5A,  B). A l g a l  l a y e r s  growing on 
o i l  i n  some a r e a s  (F igs .  6 A ,  60,  and 7A). 

12  heavy 

1 3  moderate 

Heavy t a r - l i k e  c o a t i n g s  on g r a v e l  of upper 
beach f a c e  and low-tide t e r r a c e  (F ig .  7B). 

O i l  l a y e r s  under a l g a e  i n  t i d a l  f l a t  a r e a s .  
Coa t ings  on d e b r i s  a t  h igh t i d e  l i n e s .  

*see  F i g u r e  2 f o r  l o c a t i o n .  



Figure  4. A .  V i e w  of Punta  Espora a r e a  look ing  west  
through t h e  F i r s t  Narrows. Photograph was t aken  
a t  low t i d e  on 18 August ,  1975.  I n d i v i d u a l  p o i n t s  
of i n t e r e s t  a r e :  
1) Heavy o i l  accumulat ion on marsh and t i d a l  f l a t  

a r e a s  of smal l  e s t u a r y  in  lower l e f t  hand p o r t i o n  
of photograph.  

2) O i l  accumulat ion on h i g h - t i d e  beach f a c e  which 
cements g r a v e l  i n t o  a cong lomera te - l ike  mass. 

3) Heavy o i l  accumulat ion on low-t ide  t e r r a c e .  
4) Loca t ion  of ground views shown i n  F igure  4.  
5) A l g a l  mat growing on t o p  of Metula  o i l  ( s e e  

F i g s .  5A and B and 6A) . 
B. Low-tide view of an  a r e a  i n  s o u t h e r n  

Massachuset ts  t h a t  i s  v e r y  s i m i l a r  t o  t h e  Pun ta  
Espora a r e a  (above) w i t h  r e s p e c t  t o  i ts  geomorphology, 
sediments  and oceanographic  c o n d i t i o n s .  The s o u t h  
j e t t y  of t h e  Cape Cod Canal  is v i s i b l e  a t  t h e  
upper l e f t .  
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zone. Figure 5 shows an oi l -saturated conglomeratic zone i n  t h e  

upper beach face  area .  An i n t e r t i d a l  mud f l a t  covered with blue-green 

a lgae  e x i s t s  between t h e  beach face  and t h e  outer  gravel  bar (Fig. 4 A ) .  

The a lgae  i s  growing on top of a 1 cm t h i c k  l aye r  of Metula o i l  (Figs.  6B 

and 7A). 

Heavy o i l  accumulation occurs fo r  40 lan along the  shore l ine  to  the  

southwest of Punta Espora. An a e r i a l  photograph taken near s t a t i o n  12  

(Fig. 7B) shows heavy o i l  a t  the  upper beach face area  and on the  low-tide 

t e r r ace .  1 

O i l  i s  a l s o  found on t h e  north shore of the  S t r a i t s ,  but  not genera l ly  

i n  a s  g rea t  abundance a s  on t h e  south shore.  The area i n  the  v i c i n i t y  of 

s t a t i o n  4 is shown on t h e  a e r i a l  photograph i n  Figure 9 .  There t h e  o i l  

occurs as  a 4 m wide zone of accumulation of o i l  s t a ined  seaweed, g rave l  

and o the r  deb r i s  a t  t h e  spring-high-tide swash l i n e .  The two ground views 

of s t a t i o n  6 given i n  Figure 10 shows o i l  coat ings on huge gravel  and 

boulders on t h e  low-tide t e r r ace .  

A t  Cabo Dungeness (Sta.  5;  Fig. 2 ) ,  o i l  has cemented a 5 m t h i c k  

conglomerate u n i t  a t  the  high-t ide l i n e  (Fig. 1 1 A ) .  Badly o i l ed  dead b i r d s  were 

a l s o  seen a t  t h a t  l o c a l i t y  (Fig. 11B) .  

I n  summary, o i l  is s t i l l  abundantly present  i n  t h e  i n t e r t i d a l  a r e a s  of t h e  

Metula O i l  S p i l l  s i t e  one year  a f t e r  t h e  s p i l l .  Two hundred forty-seven 

ki lometers  of shore l ine  a r e  a f f ec t ed  t o  varying degrees. O i l  i s  e s p e c i a l l y  

heavy on t h e  south s i d e  of t h e  F i r s t  Narrows. Therefore, i t  i s  s t i l l  f e a s i b l e  

t o  do a follow-up study on t h e  s p i l l .  

 he terms beach face  and low-tide t e r r ace  a re  defined by t h e  diagrammatic 
sketch i n  Figure 8. 
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Figure 5. A.  O i l  accumulation on beach f ace  a t  Punta 
Espora (S ta t ion  E,  Fig.  2; s e e  a e r i a l  view i n  
Fig. 4A). Arrow p o i n t s  t o  loca t ion  of photograph 8 .  

B. Close-up of o i l  accumulation shown i n  A.  
Surface of g rave l  i s  heavily coated with o i l .  
Light gray m a t e r i a l  a t  bottom of photograph i s  c lay  
s u b s t r a t e  on which g rave l  was deposi ted.  Orange 
brown substance i s  l iqu id  petroleum t h a t  seeped out 
of g rave l  a f t e r  t rench was cu t .  Scale  i s  30 cm. 





Figure 6. A. I n t e r t i d a l  f l a t  a t  Punta Espora 
(S ta t ion  E ,  Fig.  2; s e e  a e r i a l  view i n  Fig.  4 A ) .  
Note a lgae  growing on sur face  of f l a t .  

B.  Trench cut  i n  t i d a l  f l a t  shorn i n  A .  
Greenish ma te r i a l  on su r face  is blue-green a l g a l  
mat which i s  growing on a l aye r  of Metula o i l  
(orange brown substance) .  Scale  is 30 cm. 





Figure 7 .  A. O i l  l ayer  upon which the a l g a l  mat 
shown i n  Figures 6A and B i s  growing. 

B .  Shorel ine i n  v i c i n i t y  of s t a t i o n  12 
(Fig. 2 ) .  View looks southwest. Photograph 
taken on 18 August, 1975.  Arrow 1 po in t s  t o  o i l  
accumulation on upper beach face, and arrow 2 
poin ts  t o  o i l  on low-tide t e r r a c e .  





Flgure 8 .  Typical  beach p r o f i l e  f o r  t h e  Metula impact s i t e .  
L e t t e r s  i n d i c a t e  samp3ing l o c a l i t i e s ,  which a r e  located 
between the  upper l i m i t  of normal high waves and the  low 
water  l i n e .  B i s  i n  t h e  cen te r  of the sampling zone, and 
s t a t i o n s  A and C a r e  loca ted  a t  t h e  midpoint of the  upper 
and lower halves of the sampling zone. D i s  usua l ly  a  
dune sample. A core sample 1 5  cm i n  length  i s  taken a t  
each s t a t i o n .  





Figure 9.  Shorel ine i n  v i c i n i t y  of S ta t ion  4 (Fig. 2 ) .  
Photograph taken on 18 August, 1975; view looks 
nor th .  Arrow po in t s  t o  zone of accumulation of 
o i l - s ta ined  debr is  a t  t h e  high-tide swash l i n e .  
Note plunes of sediment off headlands t h a t  a r e  
being t ransported t o  t h e  no r th  by f lood- t ida l  
cu r ren t s .  





Figure 10. A .  I n t e r t i d a l  zone a t  S t a t i o n  6 (Fig. 2 ) .  
Arrow poin ts  t o  loca t ion  of photograph 6.  

B .  Metula o i l  coating (arrows) on boulders 
on low-tide terrace. Scale  i s  30 cm. Photograph 
taken on 16 August, 1975. 





Figure 11. A .  O i l  cemented u n i t  a t  h igh  t i d e  l i n e  
a t  s t a t i o n  5 .  Scale  i s  30 cm. 

B .  Cormorant coated with o i l  a t  s t a t i o n  5.  





GEOLOGICAL SETTIllG 

P l e i s t o c e n e  g l a c i a t i o n  h a s  p layed a  p r i n c i p a l  r o l e  i n  shap ing  t h e  

p r e s e n t  c o a s t a l  geomorphology o f  t h e  S t r a i t s  of Magellan. One of t h e  f low 

c e n t e r l i n e s  of  t h e  P l e i s t o c e n e  g l a c i e r s  i s  l o c a t e d  a long t h e  main a x i s  of 

o f  t h e  S t r a i t s  (Fig .  1 2 ) .  For example, t h e  two narrows i n  t h e  S t r a i t s  c u t  

a c r o s s  t h e  end moraines of t h e  G o t i  and F i n a l  g l a c i a t i o n  p e r i o d s  (F ig .  13) .  

According t o  Raedeke (1974) ,  t h e  g l a c i a l  i c e  t h a t  moved through t h e  a r e a  

now occupied by t h e  S t r a i t s  accumulated i n  t h e  C o r d i l l e r a  n e a r  t h e  P a c i f i c  

c o a s t .  The i c e  descended i n  broad piedmont tongues ,  t h e  f i r s t  tongue 

r e a c h i n g  a l l  t h e  way t o  t h e  p r e s e n t  A t l a n t i c  c o a s t  and t h e  l a s t  s t o p p i n g  a t  

t h e  Segunda Angostura (Second Narrows).  The landforms developed a t  t h e  

margin of t h e  i c e  d u r i n g  t h e  l a s t  advance a r e  s t i l l  c l e a r l y  p rese rved  i n  

t h e  topography of t h e  p e n i n s u l a  s o u t h  of  t h e  Second Narrows. Sheep now 

g r a z e  on a  b r a i d e d  topography l e f t  by t h e  outwash s t r eams  t h a t  f lowed 

toward t h e  n o r t h e a s t  away from t h e  f r o n t  of t h e  g l a c i e r .  

I n  a d d i t i o n  t o  t o p o g r a p h i c a l  c o n t r o l s ,  t h e  P l e i s t o c e n e  g l a c i a t i o n  

h a s  been impor tan t  a s  a  c o n t r i b u t e r  o f  sed iments  t o  t h e  c o a s t a l  environments 

of t h e  S t r a i t s .  Many k i l o m e t e r s  of t h e  S t r a i t s  a r e  l i n e d  w i t h  20-40 m 

e r o s i o n a l  c l i f f s  of till and f l u v i o - g l a c i a l  d e p o s i t s  t h a t  a r e  a c t i v e l y  

c o n t r i b u t i n g  sed iments  t o  t h e  longshore  sediment t r a n s p o r t  sys tem.  A t y p i c a l  

e r o s i o n a l  s c a r p  l o c a t e d  on t h e  n o r t h  s i d e  of t h e  S t r a i t s  n e a r  s t a t i o n  6 i s  

shown i n  F i g u r e  1 4 A .  A  close-up photograph of t h e  t i l l  i n  t h a t  a r e a  i s  g i v e n  

i n  F igure  1 4 B .  

Caldenius  (1932) pub l i shed  t h e  c l a s s i c  work on t h e  g l a c i a t i o n  of t h i s  



F i g u r e  12 .  Areas  of i c e  accumula t ion  and g e n e r a l i z e d  
i c e  movement dur ing  t h e  P l e i s t o c e n e  a t  the 
s o u t h e r n  t i p  o f  South  America ( a f t e r  Raedeke, 1 9 7 4 ) .  





F i g u r e  13. Occurrence  o f  g l a c i a l  sed iments  d e p o s i t e d  d u r i n g  t h e  
f o u r  P l e i s t o c e n e  g l a c i a t i o n s  i n  t h e  S t r a i t s  of  Magel lan  
r e g i o n .  Note t h e  c o r r e l a t i o n  of t h e  l o c a t i o n  of  t h e  two 
narrows w i t h  t h e  limits (end moraines)  of  t h e  l a s t  two 
g l a c i a l  advances .  S l i g h t l y  modi f i ed  a f t e r  Ca lden ius  
( l 9 3 2 ) ,  Plarangunic ( l 9 7 & ) ,  and Raedeke ( 1 9 7 4 ) .  





Figure 14 .  A.  Low-tide view of c l i f f s  i n  the  v i c i n i t y  
of s t a t i o n  6 taken on 18 August, 1975.  Note coarse 
ma te r i a l  on low-tide t e r r a c e ,  which i s  e s s e n t i a l l y  a 
wave cut platform on t h e  Ple is tocene  depos i t s .  

B. T i l l  exposure i n  wave cut  c l i f f  near  
s t a t i o n  6 .  Scale  i s  30 cm. 





region. Marangunic (1974) presented d e t a i l s  of t h e  d i s t r i b u t i o n  of g l a c i a l  

depos i t s  on the  nor th  s ide  of the  S t r a i t s .  Auer (1956, 1958) discussed 

regional  aspec ts  of the P le is tocene  sediments and g l a c i a t i o n  of the  e n t i r e  

Patagonia-Tierra d e l  Fuego a r e a .  

The whole of t h e  eas tern  half of t h e  S t r a i t s  is underlain by Te r t i a ry  

sedimentary rocks (Raedeke, 1974). Ch i l e ' s  na t iona l  o i l  company (END) has 

a  major o i l  f i e l d  on both s ides  of t h e  S t r a i t s  a t  t h e  F i r s t  Narrows. F i r e s  

from these wel l s  dot  t h e  landscape of t h e  Patagonian-Tierra d e l  Fuego steppe.  

Offshore d r i l l i n g  i n  t h e  S t r a i t s  i s  being contemplated f o r  t h e  near  f u t u r e ,  

according t o  ENAP o f f i c i a l s  i n  Punta Arenas and Santiago. 

The Metula O i l  S p i l l  s i t e  i s  c l a s s i f i e d  a s  a  modified middle l a t i t u d e  

s teppe (BSR-SMIR) which i s  an area having 10 t o  30 inches (250-500 m) of r a i n f a l l  

per year w i t h  cold winters ,  by the  Koppen c l a s s i f i c a t i o n .  However, the  

temperature i n  t h i s  region i s  modified by the  surrounding water  masses, and 

mean monthly winter  temperatures never go below OOC (Fig. 15) .  

The most impressive s i n g l e  c l ima t i c  f a c t o r  f o r  a  v i s i t o r  t o  the  a rea  i s  

the  s t rong winds. They a r e  highly un id i r ec t iona l  out  of t h e  west,  averaging 

13 knots (Fig. 15) .  During 188 days of an average year winds a r e  s t ronge r  

than 20 k t s ,  and twelve days out of a  year they a r e  s t ronger  than 50 k t s .  

These winds have made a g rea t  impact on the geomorphology of the  a rea .  

Ra in fa l l  v a r i e s  from 250 mm t o  350 m within t h e  study area  (Fig. 17) .  

Ra in fa l l  da t a  f o r  the  Punta Arenas a r e a ,  which has considerably more r a i n f a l l  



F i g u r e  15. Mean monthly t empera tu re  and r a i n f a l l  d a t a  
f o r  Punta  Arenas ( a f t e r  Ojeda,  1966) .  
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Punta Arenas 

Mean Monthly Rainfall (mm) 1952-1961 (OJEDA 1966) 



F i g u r e  16 .  Wind c o n d i t i o n s  a t  Punta Arenas,  C h i l e .  
Based on 9 y e a r s  d a t a  (1952-611, mean monthly 
v a l u e s  (Ojeda,  1 9 6 6 ) .  
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100 
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Figure 1 7 .  Contours of mean annual r a i n f a l l  per year 
(nun) f o r  the  S t r a i t s  of Magellan area ( s l i g h t l y  
modified a f t e r  Jerez  and Arancibia,  1 9 7 2 ) .  





t h a n  t h e  e a s t e r n  p o r t i o n  o f  t h e  S t r a i t s  (mean annua l  p p t  = 425.6 nun; 

Ojeda,  1966), a r e  g iven  i n  F igure  1 5 .  Values a r e  g e n e r a l l y  lower from 

September through December, w i t h  maxima o c c u r r i n g  in  January ,  A p r i l ,  May 

and August (Fig .  18) .  

No t empera tu re  d a t a  i s  a v a i l a b l e  f o r  t h e  Metula  -- impact a r e a ,  b u t  t h e  

t empera tu re  d a t a  pub l i shed  by Ojeda (1966; F i g .  15) f o r  Punta  Arenas shou ld  

b e  analogous .  Mean s u m e r  t empera tu res  i n  Punta Arenas range  between 8' 

0 
and l loc ,  and mean w i n t e r  t empera tu res  range between lo  and 4 C ;  however, 

mean monthly maxima and minima a r e  commonly f a r  d i f f e r e n t  than  t h e  mean 

v a l u e s  (Fig .  1 5 ) .  

OCEANOGWHY 

T i d e s  - 
The t i d e s  of t h e  Metula O i l  S p i l l  s i t e  a r e  semi -d iu rna l ,  whereas 

they  a r e  mixed t o  t h e  wes t  of t h e  Second Narrows (F ig .  18) .  The t i d a l  

r ange  v a r i e s  g r e a t l y  w i t h i n  t h e  impact a r e a ,  from a mean of  28 f t  (8 .6  m) 

a t  Banco Di recc i6n  t o  1 2  f t  (3 .7  m) a t  Bahia F e l i p e .  Punta  Arenas,  which 

i s  l o c a t e d  west  of t h e  impact a r e a ,  h a s  a r ange  of  on ly  3 . 8  f t  (1 .2  m). 

The a r e a l  d i s t r i b u t i o n  of t i d a l  r ange  i s  g i v e n  i n  F i g u r e  19.  The two 

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

A t l a n t i c .  Ranges g r e a t e r  than  20 f t  (6 .2  m) occur  on t h e  A t l a n t i c  s i d e  of 

t h e  F i r s t  Narrows b u t  t h e n  drop o f f  s h a r p l y  t o  t h e  wes t .  T i d a l  ampl i tude  i s  

i n c r e a s e d  approximate ly  20% dur ing s p r i n g  t i d e  (F ig .  20) .  

T i d a l  c u r r e n t s  i n  t h e  S t r a i t s  a r e  i n c r e d i b l y  s t r o n g .  According t o  t h r e e  



F i g u r e  18. T ides  of t h e  s t u d y  a r e a  on 16 August, 
1975. Mean and s p r i n g  t i d a l  r anges  a r e  a l s o  
g iven .  S t a t i o n s  a r e  l o c a t e d  on F i g u r e  19.  These 
a r e  p r e d i c t e d ,  n o t  measured,  t i d e s .  Data from 
1975 T ide  Tab les  (U. S .  Department of Commerce). 
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F i g u r e  19 .  A r e a l  d i s t r i b u t i o n  of t i d a l  r ange  i n  t h e  e a s t e r n  
p o r t i o n  of t h e  S t r a i t s  of Magel lan .  F i r s t  number a t  each 
s t a t i o n  i s  mean t i d a l  r ange  and second number i s  s p r i n g  
t i d a l  r a n g e .  Data from 1975 T i d e  Tab les  (U. S .  
Department of  Commerce). 





Figure  20. T i d a l  cu rves  f o r  t h e  e a s t e r n  p o r t i o n  of t h e  
S t r a i t s  of Magellan d u r i n g  t h e  days  of  t h e  f i e l d  
s t u d y .  Data from 1975 T i d e  T a b l e s  (U.  S .  
Department of  Commerce). S t a t i o n s  a r e  l o c a t e d  on 
F igure  19 .  





s o u r c e s ,  ENAP personne l  i n  Punta Arenas,  r e s e a r c h e r s  a t  t h e  Chi lean  

Hydrographic I n s t i t u t e  i n  V a l p a r a i s o ,  and t h e  c a p t a i n  of t h e  F i r s t  Narrows 

f e r r y ,  c u r r e n t s  of 8 t o  9  kno t s  a r e  common, changing d i r e c t i o n  a s  t h e  t i d e  

changes.  These c u r r e n t s  a r e  s p e c t a c u l a r  from t h e  a i r .  The photograph i n  

F i g u r e  21 shows s t a n d i n g  waves developed i n  t h e  ocean a s  t h e  f l o o d  c u r r e n t s  

s p i l l  i n t o  t h e  S t r a i t s  through t h e  F i r s t  1.Iarrows. 

IJaves 

To our  knowledge, no wave d a t a  i s  a v a i l a b l e  :For t h e  Metula O i l  S p i l l  

s i t e .  Normal ocean ic  waves up t o  90 cm i n  h e i g h t  were observed on t h e  

A t l a n t i c  beaches ( s t a t i o n s  D ,  G ,  11, F; F i g .  2 ) .  However, t h e  i n t e r i o r  

a r e a s  a lways  had waves l e s s  than 50 cm d u r i n g  o u r  v i s i t ,  even under  s t r o n g  

wind c o n d i t i o n s  (s20 k t s ) .  

COASTAL GEOEIORPHOLOGY 

Methods 

A t  t e n  of  t h e  s t a t i o n s  v i s i t e d ,  a  beach p r o f i l e  was measured u s i n g  t h e  

h o r i z o n - l e v e l i n g  t echn ique  (Fig .  22) .  Samples were c o l l e c t e d  a long  each  

p r o f i l e ,  fo l lowing  t h e  sampling p l a n  o u t l i n e d  i n  :Figure 8. Also ,  s k e t c h e s  

were  made of each p r o f i l e  and s e v e r a l  photographs  were  t aken  of t h e  beach 

morphology and sed iments .  The t e n  measured p r o f i l e s  a r e  g i v e n  i n  F i g u r e  22 .  

Grave l  Beaches 

Most o f  t h e  beaches  of  t h e  s t u d y  a r e a  a r e  composed of a  m i x t u r e  of sand 

and g r a v e l ,  w i t h  g r a v e l  predominat ing.  The c h a r a c t e r i s t i c  beach morphology 

c o n s i s t s  of one o r  more h i g h  berms, a  beach f a c e  w i t h  a s l o p e  of  8 t o  15' 



F i g u r e  2 1 .  North s h o r e  of S t r a i t s  j u s t  west  of t h e  
F i r s t  Eiarrows. Flood c u r r e n t  f lowing i n t o  t h e  
S t r a i t s  i s  forming s t a n d i n g  waves over  t h e  sand 
s h o a l  i n  t h e  lower fo reground .  





Figure 2 2 .  Beach p r o f i l e  being measured by t h e  horizon- 
l eve l ing  method a t  s t a t i o n  SMg 11. White s t akes  
i n  beach i n d i c a t e  the  t h r e e  i n t e r t i d a l  sampling 
loca t ions  ( l e t t e r s  i nd ica t e  sample des ignat ion) .  





t h a t  i s  washed by waves a t  each high t i d e ,  and a  broad, f l a t  low-tide 

t e r r a c e  tha t  i s  usual ly covered by coarse gravel .  Figure 8 demonstrates 

t h i s  t yp ica l  morphology, which can be seen on t h e  a e r i a l  photographs i n  

Figures 4A, 7B, and 14A. A l l  but  two of t h e  measured p r o f i l e s  p lo t t ed  

on Figure 23 f i t  t h i s  descr ip t ion .  P r o f i l e  SMg 8 is  a  storm-built  g ravel  

r i d g e  t h a t  serves  a s  a  neck f o r  a  spec tacular  recurved s p i t  a t  the  e a s t  

entrance (north shore) of the  F i r s t  Narrows (Figs. 24A and B). A huge 

g rave l  r idge ,  o r  s p i t ,  has developed on t h e  low-tide t e r r ace  a t  s t a t i o n  

SMg 13. 

Cuspate S p i t s  

The At l an t i c  entrance t o  the  S t r a i t s  of Magellan i s  flanked on both 

s i d e s  by two of t h e  most exqu i s i t e ly  developed cuspate s p i t s  i n  t h e  world, 

Cabo Dungeness on t h e  nor th  s ide  and Punta Catal ina on the  south s ide .  

Both a r e  slowly migrating i n t o  t h e  S t r a i t s  under .the inf luence  of waves 

t h a t  t r a v e l  from t h e  A t l a n t i c  i n t o  t h e  S t r a i t s .  A v e r t i c a l  a e r i a l  

photograph of Cabo Dungeness i s  given i n  Figure 25, and Punta Cata l ina  i s  

shown i n  Figure 26. De ta i l s  of t h e  morphology of t h e  s p i t s  a r e  discussed 

i n  t h e  f i g u r e  capt ions.  Both s p i t s  a r e  made up of mul t ip le ,  recurved 

beach r idges  composed predominately of gravel .  A s  t h e  eas t e rn  s ide  of the  

s p i t  i s  eroded away, t h e  g rave l  is transported around t o  t h e  western s i d e  

and deposited a s  recurved beach r idges ,  s e t t i n g  up an o v e r a l l  westward 

migrat ion of t h e  s p i t s .  

T ida l  F l a t s  

The combination of a  huge t i d a l  range and the  development of f l a t  



Figure 2 3 .  Beach p r o f i l e s  measured a t  the Metula O i l  S p i l l  s i t e  
between 15-19 August, 1 9 7 5 .  Stat ions  are  located on 
Figure 2 .  Vert ica l  exaggeration i n  5 : l .  W.L. = Water 
l e v e l  a t  time p r o f i l e  was measured. 





Figure 24. A .  Recurved s p i t  a t  the  e a s t  entrance 
t o  the  F i r s t  Narrows (north shore) .  Arrow 
ind ica t e s  loca t ion  of p r o f i l e  s t a t i o n  8. 

B.  Ground view of s t a t i o n  8 from top 
of gravel  r idge  looking west. F ie ld  crew i s  
standing on marsh su r face  landward of t h e  r idge .  





Figure  25.  Cabo Dungeness ( see  F ig .  2 for  l o c a t i o n ) .  This  p i c t u r e  
of  a  v e r t i c a l  a e r i a l  photograph mosaic was taken with a  hand he ld  
camera i n  the  ENAP o f f i c e s  a t  Punta Arenas. Or ig ina l  photographs 
were taken i n  Apr i l ,  1961.  Some s p e c i f i c  po in t s  of i n t e r e s t  
inc lude:  
1) Old beach r idges  being t runcated a s  t h e  s p i t  migrates  westward. 
2) Zone of present  gravel  accumulation. Fine 1.ines p a r a l l e l  t o  

t h e  p resen t  beach d e l i n e a t e  acc re t ing  g r a v e l  beach r idges .  
3) P o s i t i o n  of former t i d a l  channel on western margin of t h e  s p i t .  
4)  Sampling and p r o f i l i n g  s t a t i o n  SMg 5. 
5) Area being eroded by s t rong  wes ter ly  winds. 
6)  Wind depos i t iona l  f e a t u r e s .  
7) Sediment plume being t r anspor t ed  around Cape by f lood- t ida l  

c u r r e n t s .  





Figure 2 6 .  Punta Catal ina (see Fig. 2 f o r  locar ion) .  
These p i c tu res  of v e r t i c a l  photographs were taken 
wi th  a hand held camera i n  t h e  ENAP o f f i c e s  i n  
Punta Arenas. Or ig ina l  photographs were taken i n  
Apri l ,  1961. Some s p e c i f i c  poin ts  of i n t e r e s t  
include: 
1) Old beach r idges  being t runcated as t h e  s p i t  

migrates  westward. 
2) Zone of present  gravel  accumulation. Fine l i n e s  

t h a t  p a r a l l e l  t h e  present  beach d e l i n e a t e  
accre t ing  gravel  beach r idges .  

3) Area being eroded by s t rong wes ter ly  winds. 
4 )  S a l t  marsh a rea .  
5) Tida l  f l a t  po r t ion  of Punta Cata l ina .  
6 )  Banco Lomas t i d a l  f l a t s .  
7)  Main t i d a l  channel on Banco Lomas f l a t s  which 

i s  forced by the  wes ter ly  winds t o  flow along 
t h e  f l ank  of Punta Cata l ina .  

8) Tidal  cur rent  r i p .  





outwash p la in  topography t o  t h e  e a s t  and nor theas t  of the  end moraines a t  

the F i r s t  and Second Narrows ( F i g .  13) produces t i d a l  f l a t s  t h a t  a t t a i n  

widths up t o  7 lan (e .g . ,  S t a .  10, Fig. 2; s ee  f r o n t i s p i e c e ) .  Because of 

time and l o g i s t i c a l  l i m i t a t i o n s ,  we were not  ab le  t o  study these f l a t s  i n  

any d e t a i l .  Several  hundred a e r i a l  photographs of the  f l a t s  were co l lec ted  

and they a r e  s t i l l  under s tudy.  Generally speaking, the h ighes t  por t ions  

of the  f l a t s  a r e  r i m e d  by s a l t  marshes up t o  1 km i n  width. The highest  

por t ion  of t h e  t i d a l  f l a t s ,  which usual ly contains widely s c a t t e r e d  meandering 

t i d a l  channels ( see  Figs.  27 and 281, i s  usua l ly  more s t eep ly  s loping than 

t h e  r e s t .  Channel dens i ty  increases  seaward; t h e  f l a t s  a r e  highly inc ised  

near  low water .  There is  a  general  increase i n  g ra in  s i z e  from the  marsh t o  

the  low-tide l i n e .  The upper f l a t s  a re  muddy, whereas sand bars  a r e  

abundant i n  t h e  lower channels. 

The Narrows 

I n  genera l ,  t h e  two narrows a r e  flanked on both s ides  by s teep  

e ros iona l  scarps  i n  till. The beaches a r e  coarse-grained and narrow. 

Strong t i d a l  cu r ren t s  flow a shor t  d is tance  of fshore  from the  beaches. 

SEDIMENTS 

Sediment samples were co l lec ted  a t  most of t h e  s t a t i o n s  v i s i t e d .  Beach 

samples were co l l ec t ed  by t h e  method out l ined  i n  Figure 8. Usually, t h ree  

i n t e r t i d a l  beach samples and a dune o r  till sample were co l l ec t ed .  O i l  

samples were co l lec ted  a t  s eve ra l  l o c a l i t i e s .  



F i g u r e  2 7 .  T i d a l  f l a t s  n e a r  s t a t i o n  9. Arrow p o i n t s  t o  a  
l o c a t i o n  similar t o  t h e  one where ground photograph 
i n  F i g u r e  28 was t a k e n .  





Figure 28 .  Tidal channel a t  s ta t ion  9 .  Surface of 
f l a t  i s  covered with f i n e  mud a t  t h i s  l o c a l i t y .  
Note dess icat ion  cracks on mud surface. 





Grain Size  

Sediments on t h e  beaches range i n  s i z e  from huge boulders t o  f i n e  

sand. Thir ty- three beach and dune samples were analyzed fo r  gra in  s i z e  by 

se iv ing  and s e t t l i n g  tube. The g ra in  s i z e  parameters of Folk (1968) were 

ca lcula ted  f o r  each sample (Table 3 ) .  The grand means f o r  t h e  33 samples 

were: mean s i z e  (MZ) = -1.214 (2.15 mm; granule) ;  skewness (Ski) = +0.10 

(near s y m e t r i c a l ) ;  so r t ing  (0 ) = 1.464 (poorly so r t ed ) .  A s c a t t e r  p lo t  I 

of mean s i z e  versus  s o r t i n g  i s  given i n  Figure 29, and a p lo t  of mean s i z e  

versus  skewness i s  given i n  Figure 30. 

The t i d a l  f l a t s  were sampled a t  s t a t i o n s  9 and 10 (Fig. 2 ) ,  and 

determinat ions were made f o r  sand/mud content .  A sample a t  s t a t i o n  10, 

which i s  located a t  the  eas tern  end of the  Banco Lomas f l a t s ,  was composed 

of 56% f i n e  sand and 44% s i l t  and c l a y .  Two samples from s t a t i o n  9 ,  which 

is loca ted  on the  western margin of the  f l a t s ,  were composed of 24% sand/ 

76% mud and 16% sand/84% mud re spec t ive ly .  This i nd ica t e s  a f i n i n g  of 

t i d a l  f l a t  sediments i n  a wester ly d i r e c t i o n  away from the  At l an t i c .  This 

t rend was c l e a r l y  v i s i b l e  from t h e  a i r .  

Composition 

The beach gravel  i s  composed predominantly of rock fragments. Point  

counts on 10 th in  s e c t i o n s  of sand samples showed t h e  sand t o  have a s i m i l a r  

composition (Table 4) .  Volcanic and metamorphic rock fragments make up 59% 

of t h e  g ra ins ,  whereas quartzose g r a i n s  equal on1.y 25% of the  t o t a l .  

According t o  t h e  sandstone c l a s s i f i c a t i o n  of Folk (1968), t h e  sand i s  a 

l i t h a r e n i t e ,  which means i t  is  dominantly rock fragments. Most of t h e  samples 



F i g u r e  29 .  S c a t t e r  p l o t  of mean g r a i n  s i z e  (MZ) v e r s u s  
s o r t i n g  (aI) f o r  33 sediment samples from t h e  
Metula O i l  S p i l l  s i t e  and 16 beach samples from t h e  
Malaspina  Fore land ,  s o u t h e r n  Alaska ( g r a i n  s i z e  
pa ramete r s  of Folk ,  1968) .  Note wide r a n g e  of b o t h  
mean s i z e  and s o r t i n g .  S o r t i n g  is e s p e c i a l l y  poor  
(h igh  numbers) where t h e  mean s i z e s  f a l l  between 
t h e  sand and t h e  g r a v e l  modes (-1.04 t o  -3 .09) .  



Straits of Mage 
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Mean (Mz) 

83 



F i g u r e  30. S c a t t e r  p l o t  o f  mean g r a i n  s i z e  (MZ) 
v e r s u s  skewness (Sk ) f o r  33 sediment  samples  I 
from t h e  Metu la  O i l  S p i l l  s i t e  and 16 beach 
samples  from t h e  Malaspina  Fore land ,  s o u t h e r n  
Alaska  ( g r a i n  s i z e  pa ramete r s  of Fo lk ,  1968). 
There  is a wide range  i n  b o t h  skewness and mean 
s i z e  of samples  from b o t h  a r e a s .  



STATIONS 

Stra i ts  of Magellan Alaska 
A (4 A (4 
B (4 B (0) 

26.0 13.0 5.6 2. 0.71 0.35 0.177 
mm ~~~ 

Mean (Mz) 



Table  3. Grain S i z e  S t a t i s t i c s  f o r  Metula S i t e  Sediment Samples 

Sample 

SHG-2A 
SMG- 2B 
SMG-2C 
SMG-2D 
SMG-3A 
SMG-3B 
SMG-3C 
SMG-3D 
SMG-4A 
SMG-4B 
SMG-4C 
SMG-5A 
SMG- 5B 
SMG-5C 
SMG-5D 
SMG-6A 
SMG-6B 

SMG-6D 
SMG-7A 
SMG-7B 
SMG-7C 
SMG- 7D 
SMG-8A 
SMG-8B 
SMG-8C 
SMG-11A 
SMG-11B 
SMG-11C 
SMG-11D 
SMG-12A 
SMG- 12B 
SMG-12C 
SMG-12D 
SMG-13A 
SMG-13B 
SMG-13C 
SMG-13D 

I n c l u s i v e  
I n c l u s i v e  Graphic 

Graphic Graphic Standard 
Mean (M2) Skewness (SKI) Dev ia t ion  (o1) 

-1.96 0.061 2.42 
0.66 -0.633 1 .54 

-1.85 0.032 1 . 5 0  
-2 .11 0.657 2.34 
-3.36 0.236 1 .17 
-1.75 -0.071 1.769 
-2.36 0.416 2.49 

1 .083 -0.153 0.359 
-0.58 0.04 2.169 
-2.166 0.394 2.312 
......... O i l  Coated G r a v e l . . . . . . . . .  
-2.56 0.223 2.183 
-1.86 -0.227 1 . 5 5  
-1.33 -0.282 2.35 
O i l  Covered Coarse Sand and Gravel  
-1.00 0.133 1 .768 

1.903 0.342 0.301 

1 . 4 5  0.048 0.459 
O i l  Coated Gravel  and Coarse Sand 

-2.35 0.569 2.42 
-2.61 0.393 2.08 

1.036 0.081 0.525 
-4.47 0.066 0.469 
-3.35 -0.183 0.927 
-1.15 -0.273 2.42 
-0.76 -0.011 1 . 8 1  

1 .56 0.125 0.329 
-2.73 0.420 1.816 

0.916 0.290 0.471 
O i l  Covered c o a r s e  s a n d k i n e  Gravel  
-1.93 -0.469 0.853 
-2.30 -0.640 0.853 

0 .40  0.589 0.203 
-1.08 0.186 2.14 
-1.95 0.414 2.22 
-2.53 0.320 1 .353 

1.26 0.052 0.477 

Environment 

Runnel 
Upper Beach Face 
Mid Beach Face 
Scarp  ( T i l l )  
Upper Beach Face 
Mid Beach Face 
Low-tide T e r r a c e  
Scarp  ( T i l l )  
S t a b l e  Back Shore  
Upper Beach Face 
Mid Beach Face 
Upper Beach Face 
Mid Beach Face 
Lower Beach Face 
Berm 
Lower Gravel  Eeach Face 
T i l l  P l a t f o r m  

F i n e  Sand Cover 
Dunes 
Berm 
Upper Beach Face 
Lower Beach Face 
F i n e  Back Shore Sand 
Overwash Ridge 
Upper Beach Face/Benn 
Lower Beach Face 
Be rm 
Mid Beach Face 
Lower Beach Face 
Dunes 
Upper Beach Face 
Minor Berm/Mid Face 
Lower Beach Face 
Dunes 
Back Shore 
Middle Berm 
Lower Beach Face 
Dunes 

Mean -1.21 0 .10  1 .46  





a r e  v o l c a n i c  a r e n i t e s ,  implying a  predominant v o l c a n i c  s o u r c e ,  b u t  i n  some 

samples metamorphic rock f ragments  a r e  more abundant (Table  4 ) .  

COMPARISONS IJITH U .  S .  SHORELINE 

I n t r o d u c t i o n  

The s i m i l a r i t y  between t h e  s h o r e l i n e  environment of t h e  S t r a i t s  and 

c e r t a i n  p a r t s  of  t h e  United S t a t e s  i s  remarkable .  The p o r t i o n  of t h e  

s h o r e l i n e  west  of t h e  F i r s t  Marrows b e a r s  a  s t r o n g  resemblance t o  t h e  

s h o r e l i n e  of New England, e s p e c i a l l y  t h e  Boston Harbor a r e a ,  t h e  s o u t h  

s h o r e  of M a s s a c h u s e t t s ,  and t h e  n o r t h  s h o r e  of  Long I s l a n d .  Th i s  s i m i l a r i t y  

probably  r e s u l t s  from t h e  v e r y  s i m i l a r  g e o l o g i c a l  h i s t o r i e s  of t h e  two a r e a s ,  

a s  w e l l  a s  comparable wave and t i d e  c o n d i t i o n s .  The beach morphology, 

sediment  t e x t u r e  and sediment  composi t ion a r e  v i r t u a l l y  t h e  same f o r  t h e  

two a r e a s .  E a s t  of  t h e  F i r s t  Narrows, where t h e  t i d a l  r ange  exceeds  30 f t  

d u r i n g  s p r i n g  t i d e s ,  broad t i d a l  f l a t s  a r e  exposed.  The morphology of t h e s e  

f l a t s  i s  v e r y  s i m i l a r  t o  t h e  t i d a l  f l a t s  of  Cook I n l e t  and t h e  Copper River  

D e l t a  a r e a  of Alaska.  

The o r i g i n a l  p roposa l  c a l l e d  f o r  a  comparison w i t h  t h e  s h o r e l i n e  of 

Puget  Sound. A b r i e f  su rvey  of  t h e  l i t e r a t u r e  and e a r l i e r  f l i g h t s  of  t h e  

a r e a  by Hayes i n d i c a t e  t h a t  t h e  comparisons a r e  much weaker t h e r e  than f o r  

t h e  New England and Alaska a r e a s .  T h e r e f o r e ,  no f u r t h e r  work was done on t h a t  

a s p e c t  of  t h e  p r o j e c t .  

Comparisons w i t h  New E n ~ l a n d  

The P l e i s t o c e n e  g l a c i a l  h i s t o r y  of t h e  New England c o a s t  a lmost  d u p l i c a t e s  

t h a t  of t h e  S t r a i t s  of Yage l l an  a r e a  ( F i g .  31; compare w i t h  F ig .  1 2 ) .  The 



F i g u r e  31.  P l e i s t o c e n e  g l a c i a t i o n  i n  t h e  New England a r e a .  
Based on map by Woodworth and k ' igglesworth (1934) .  A f t e r  
S t r a h l e r  (1966) .  

A.  Arrows show d i r e c t i o n  of Flow of i c e  of t h e  
Wisconsin  s t a g e ,  a s  w e l l  as t h e  two p o s i t i o n s  o f  i c e  s t a n d -  
s t i l l  (dashed l i n e s ) .  

B .  Moraines  ( s o l i d  b l a c k )  and outwash p l a i n s  ( shaded)  
of  Cape Cod, M a r t h a ' s  Vineyard ,  and Nantucket  I s l a n d .  





drumlin topography of Boston Harbor and t h e  erodj.ng g l a c i a l  topography 

of t h e  south shore of Massachusetts a r e  completely analogous t o  the eroding 

t i l l  c l i f f s  and f luv io -g lac i a l  depos i t s  of the  S t r a i t s .  On t h e  i n s i d e  of 

t h e  S t r a i t s ,  p a r t i c u l a r l y  west of the  F i r s t  Narrows, t h e  t i d a l  range is a l s o  

s i m i l a r  (Fig.  3 2 )  . 
Comparisons of beach p r o f i l e s  fo r  the  two a reas  show some amazing 

overlaps (Fig. 3 3 ) .  The gravel  r idge a t  s t a t i o n  3 (Fig. 22)  has the  same 

form a s  a gravel  storm r idge  a t  Rye Beach, New Hampshire. The long p r o f i l e  

i n  f r o n t  of t i l l  c l i f f s  a t  s t a t i o n  6 overlaps completely a p r o f i l e  measured 

i n  f r o n t  of a c l i f f  i n  P le is tocene  depos i t s  near Plymouth, Massachusetts 

(Fig. 3 3 ) .  A s imi l a r  overlap i s  demonstrated f o r  s t a t i o n  12  and the  beach a t  

the  no r th  end of Nantucket Beach, Massachusetts,  which i s  located near  an 

eroding drumlin. Other comparisons a r e  made photographically i n  Figures 34 

and 3 5 .  

I n  conclusion, we were most impressed by the  s i m i l a r i t i e s  we saw i n  t h e  

f i e l d  between t h e  New England beaches and those on the  i n t e r i o r  sho re l ine  of 

t h e s t r a i t s .  I t  i s  d i f f i c u l t  t o  imagine t h a t  a c lose r  co r re l a t ion  between 

t h e  beach morphology and sediments of t h e  two a reas  could e x i s t .  

Comparisons with Alaska 

Our research group i s  present ly  conducting a research p ro jec t  i n  southern 

Alaska under t h e  sponsorship of NOAA. Figure 36 shows the  loca t ion  of the  study 

a rea ,  which i s  an area  of present ly  a c t i v e  g l a c i a t i o n .  The beaches of t h i s  

region a r e  a l s o  s i m i l a r  t o  the beaches of the  Metula O i l  S p i l l  s i t e  i n  many 

ways. This l ikeness  is  demonstrated by t h e  ground views from the two areas  

shown i n  Figure 37 and by the  complete overlap of beach p r o f i l e s  from the  two 

areas  demonstrated i n  Figure 3 3 .  Sediment samples from Alaska show t o t a l  



Figure  32 .  T i d a l  c o n d i t i o n s  a t  s e l e c t e d  s t a t i o n s  i n  
Alaska and Xew Ergland oc I f )  A u g u c t ,  1975.  
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F i g u r e  3 3 .  Comparison of beach p r o f i l e s  of Alaska 
and New England w i t h  t h o s e  neasured a t  the 
Metula O i l  S p i l l  s i t e  i n  August ,  1975. Note 
remarkable  o v e r l a p  i n  a l l  f i v e  examples. 
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Figure 34. Comparison of  New England and S t r a i t s  of 
Magellan beaches. 

A .  View of s t a t i o n  3 a t  low t i d e .  Note we l l  
developed beach face and low-tide t e r r a c e .  

B. View of Winthrop Beach, Massachusetts, a t  
low t i d e .  





Figure 35. Comparison of New England and Straits of 
Magellan beaches. 

A. Low-tide view across the low-tide terrace 
at station 12. 

B. Low-tide view across the low-tide terrace 
of the beach zone near Wellfleet, Massachusetts. 









Figure 3 7 .  Low-tide ground view comparing a beach at  the 
S t r a i t s  of Magellan with one i n  Southern Alaska. 

A .  Stat ion 2 ,  S tra i t s  of Magellan. 
B .  Beach on north shore of Yakutat, Alaska (Fig.  3 6 ) .  

Note s imi lar i ty  o f  beach face s lope and sediment s i z e  and 
sor t ing .  





overlap with the  Metula s i t e  samples with respec t  to  t h e i r  g ra in  s i z e  

parameters (see s c a t t e r  p l o t s  i n  Figs.  29 and 30). The Alaska beach 

samples p lo t t ed  on Figs. 29 and 30 were a l l  co l lec ted  around the  southern 

margin of the  Malaspina Glacier  (Fig. 36). 

A method we commonly use i n  the  f i e l d  i s  t o  sketch the  beach p r o f i l e s  

we measure. Comparisons of f i e l d  sketches from Alaska and t h e  Metula s i t e  

a r e  given i n  Figures 38 and 39. De ta i l s  of the beach morphology, such a s  

cuspate berms (Fig. 38) and depos i t ional  gravel  s p i t s  (Fig. 39), a r e  c lose ly  

duplicated between the  two a reas .  

The t i d a l  f l a t s  of the  S t r a i t s  have been discussed a t  length above. 

I n  our opinion, two t i d a l  f l a t  a r eas  i n  Alaska bear a  s t rong resemblance 

t o  these  f l a t s ,  namely the  t i d a l  f l a t s  of Cook I n l e t  and those of the  

Copper River Delta  a rea .  The spr ing  t i d a l  range a t  Anchorage, Alaska, i s  

29.0 f t  (Fig. 32), almost dupl ica t ing  t h e  range i n  the mouth of t h e  S t r a i t s .  

Hayes has viewed t h e  Cook I n l e t  f l a t s  many times from the  a i r  and they have 

a  s i m i l a r  morphology t o  the  f l a t s  a t  Banco Lomas. Inasmuch a s  o i l  i s  s t i l l  

abundant on the  Banco Lomas f l a t s ,  i t  would appear t h a t  they provide an 

exce l l en t  analogue f o r  s tudy.  The t i d a l  f l a t s  of the  Copper River Delta  

a rea ,  which Hayes has s tudied i n  some d e t a i l ,  a r e  completely analogous t o  the  

f l a t s  a t  the Metula O i l  S p i l l  s i t e  with respec t  t o  t h e i r  morphology and 

sediments. Note the  s i m i l a r i t y  of t h e  two a reas  demonstrated by the a e r i a l  

photographs i n  Figure 40. The Copper River Delta f l a t s  a r e  located a  few 

t ens  of ki lometers  from Valdez, t h e  southern terminus of t h e  trans-Alaska 

p ipe l ine .  



Figure 38. Comparison of field sketches of beach profiles 
in southern Alaska and the Straits of Magellan. Both 
areas exhibit erosional scarps and depositional cuspate 
berms composed of nixed sand and gravel. The Alaska 
station is located approximately 50 km west of the mouth 
of Icy Bay (Fig. 36). 





F i g u r e  39 .  Comparison of f i e l d  s k e t c h e s  of beach 
p r o f i l e s  i n  sou the rn  Alaska and t h e  S t r a i t s  of 
Magellan.  Both a r e a s  have w e l l  developed 
d e p o s i t i o n a l  g r a v e l  and sand s p i t s .  These 
f e a t u r e s  a r e  more common i n  Alaska than  i n  t h e  
S t r a i t s .  The Alaska s t a t i o n  (upper)  is  l o c a t e d  
on t h e  n o r t h  s h o r e  of Yakuta t  Bay ( F i g .  3 6 ) .  
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F i g u r e  40.  Comparison of S t r a i t s  of Magellan t i d a l  f l a t s  (A)  
w i t h  t h o s e  of  t h e  Copper R i v e r  D e l t a  a r e a ,  Alaska (B). 

A .  Banco Lomas f l a t s  on 1 8  August ,  1975 .  Brown 
c o a t i n g  s e e n  i n  c e n t r a l  and upper p o r t i o n  of photograph 
is though t  t o  be  o i l  ( n o t  v i s i t e d  on t h e  g round) .  

B. T i d a l  F l a t s  of t h e  Copper R i v e r  D e l t a .  Note 
i n c i s e d  t i d a l  channe l s .  Photo  t a k e n  i n  t h e  summer of  
1969.  
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APPENDIX I 

Chronological Report 
Coastal Reconnaissance of the Metula 

Impact Area i n  the  S t r a i t s  of Magellan 
August, 1975 

9 August Left  Columbia, S. C . ,  f o r  Miami and Santiago, Chile 

10 August Arrived a t  Pudahuel Airport  i n  Santiago a t  3:00 p.m. 
Proceeded to  Valparaiso/Vina Del Mar, which is located on 
the  P a c i f i c  Coast. 

11 August Vis i ted  t h e  Chilean Hydrographic I n s t i t u t e  t o  meet with 
Helmuth Sievers ,  Director  of the  Oceanography Department, 
and Bernardo U c c e l l e t t i ,  Secretary of t h e  Chilean National 
Oceanographic Committee. Suggestions on procedures f o r  our 
immediate p ro jec t ,  a s  wel l  a s  fu tu re  s t u d i e s ,  were received.  
Purchased cha r t s  and discussed oceanographic information on 
the S t r a i t s  gathered by I n s t i t u t e  personnel.  Met with Sergio 
Gonzales of t h e  School of F isher ies  and Food Sciences, 
Universidad Cat6l ica de Valparaiso. 

12 August Flew t o  Punta Arenas from Santiago. Peace Corps volunteer  
B i l l  Texera and b i o l o g i s t  I t a l o  Campondonico, both of t h e  
I n s t i t u t o  de l a  Patagonia, met us a t  t h e  a i r p o r t .  Made 
h o t e l  arrangements and met with S r .  Mateo MQrtinic ,  Director  
of t h e  I n s t i t u t e ,  and h i s  s t a f f .  The purpose of our v i s i t  
was explained. S r .  G r t e n i c  was most h e l p f u l  and of fered  t o  
a s s i s t  u s  with l o g i s t i c a l  arrangements f o r  our work. 
Arrangements made f o r  i n i t i a l  a e r i a l  f l i g h t  with the  l o c a l  
f ly ing  club.  

13  August Made t h e  f i r s t  of two a e r i a l  reconnaissance f l i g h t s  (2 hour 
du ra t ion ) ,  covering the  e n t i r e  nor th  s i d e  of the  study area  
through t h e  F i r s t  Narrows. Geographer Enrique Zamora of the  
Patagonian I n s t i t u t e  made the  f l i g h t  with us and provided 
geologica l  background information. 

14 August Visi ted t h e  ENAP a f f i c e  (Chi le ' s  n a t i o n a l  o i l  company) t o  
meet with S r s .  Mario Mertens, Direc tor  of Operations, and 
P i e t r o  P a l i n i ,  Di rec tor  of Engineering Operations. Discussions 
were most co rd ia l .  ENAP has ser ious  i n t e r e s t s  i n  a s u r f i c i a l  
geologica l  study of t h e  S t r a i t s  region,  and access  was 
provided t o  high q u a l i t y  a e r i a l  photographs of the  a rea .  
Arrangements were made by S r .  Mario Martenic ( I n s t i t u t o  de l a  
Patagonia) f o r  lodging and meals a t  ENAP encampments during 
our s t a y  i n  t h e  f i e l d .  Driver Alberto Gallardo was h i r ed .  



15 August Began f i e l d  work. F i e l d  p a r t y  c o n s i s t e d  of Mi les  0 .  Hayes 
and Eric11 Gundlach ( U n i v e r s i t y  of South  C a r o l i n a ) ,  geographer  
Enr ique Zamora and s e c r e t a r y  Rosa Reyes S c o t t  ( I n s t i t u t o  de 
l a  Pa tagon ia )  and d r i v e r  A l b e r t o  G a l l a r d o .  S t a t i o n s  2, 3, 
and 4 on t h e  n o r t h  s i d e  of t h e  S t r a i t s  ( F i g .  1)  between t h e  
two narrows were surveyed and sampled,  and a d d i t i o n a l  l o c a t i o n s  
were  photographed.  The n i g h t  was s p e n t  a t  ENAP Camp P o s e s i 6 n ,  
n e a r  Bahia Poses i6n .  

16 August V i s i t e d  s t a t i o n s  5-8, a s  w e l l  a s  photo s t o p  D ,  cover ing  
e s s e n t i a l l y  t h e  n o r t h e a s t  c o a s t  of t h e  S t r a i t s  from t h e  F i r s t  
Marrows t o  t h e  A t l a n t i c .  Took t h e  f e r r y  a c r o s s  t h e  F i r s t  
Narrows t o  P t a .  Espora,  on t h e  T i e r r a  Del Fuego s i d e ,  l a t e  i n  
t h e  a f t e r n o o n .  Food and lodg ing  were o b t a i n e d  a t  t h e  ENAP 
camp a t  Cer ro  Sombrero. 

17  August Two t i d a l  f l a t  s t a t i o n s  (9  and 10) and one g r a v e l  beach on t h e  
A t l a n t i c  s i d e  of P t a .  C a t a l i n a  (11) were v i s i t e d ,  the reby  
cover ing  t h e  sou the rn  s i d e  of t h e  S t r a i t s  e a s t  of  t h e  F i r s t  
Narrows. Accommodations were a g a i n  p rov ided  by ENAP a t  Cerro  
Sombrero. Arranged t o  have a  s m a l l  p l a n e  f l y  over  from 
P t a .  Arenas i n  o r d e r  t o  make an a e r i a l  su rvey  from Cerro  
Sombrero. 

18 August Made a  second a e r i a l  r e c o n n a i s s a n c e  of  t h e  a r e a  d u r i n g  t h e  
morning,  cover ing  t h e  n o r t h  and s o u t h  s i d e s  of t h e  S t r a i t s  
on t h e  A t l a n t i c  s i d e  of  t h e  F i r s t  Narrows and t h e  s o u t h  s i d e  
of  Bahia F e l i p e  t o  P t a .  Remo. Rosa Reyes S c o t t  and Enr ique 
Zamora r e t u r n e d  t o  Pun ta  Arenas w i t h  t h e  p l a n e .  S t a t i o n  12 on 
t h e  s o u t h  s h o r e  of Bahia F e l i p e  was surveyed i n  t h e  l a t e  
a f t e r n o o n ,  and t h e  n i g h t  was s p e n t  i n  a  h o t e l  i n  P o r v e n i r .  

19 August L a s t  day of f i e l d  work. Surveyed s i t e  13 n e a r  t h e  former 
H o t e l  Bahia F e l i p e  and s t a t i o n  14 a t  Pun ta  Espora,  which had 
by f a r  t h e  h e a v i e s t  accumula t ions  of o i l .  Crossed by f e r r y  
a t  P t a .  Espora back t o  t h e  n o r t h e r n  s i d e  of  t h e  S t r a i t s  and 
d r o v e  back t o  t h e  I n s t i t u t o  de  l a  P a t a g o n i a .  The D i r e c t o r ,  
S r .  M i r t e n i c ,  a g a i n  s t r e s s e d  t h e  n e c e s s i t y  of f u t u r e  b i o l o g i c a l  
work t o  b e  pursued i n  c o n j u n c t i o n  w i t h  t h e  I n s t i t u t e .  

20 August Photographed and made s k e t c h e s  of  t h e  a e r i a l  photographs  a t  
t h e  ENAP o f f i c e  and added t o  our  b i b l i o g r a p h y  of  t h e  a r e a .  
Dur ing l u n c h ,  Admiral A l l e n  s t r e s s e d  t h e  s t r o n g  d e s i r e  of 
C h i l e  f o r  a f u t u r e  s t u d y  and h i s  w i l l i n g n e s s  t o  a s s i s t  u s  i n  
o u r  e f f o r t s .  He a l s o  sugges ted  t h a t  t h e  U.  S .  Coast  Guard 
might  c o o p e r a t e  i n  a  f u t u r e  s t u d y .  L e f t  Punta  Arenas f o r  
S a n t i a g o  a t  2:00 p.m. 



21 August Went f i r s t  t o  t h e  o f f i c e s  of t h e  I n s t i t u t o  de  I n v e s t i g a c i o n e s  
Geo log icas ,  where a d d i t i o n a l  r e f e r e n c e  m a t e r i a l  f o r  our  
b i b l i o g r a p h y  of t h e  s t u d y  a r e a  was c o l l e c t e d .  Met i n  t h e  
a f t e r n o o n  w i t h  S r .  Cedomir MarAngunic, D i r e c t o r  of t h e  Geology 
Department, Univers idad de C h i l e ,  a  g l a c i o l o g i s t  who h a s  
worked i n  t h e  S t r a i t s  r e g i o n .  I d e a s  were exchanged on t h e  
P l e i s t o c e n e  h i s t o r y  of t h e  a r e a  and t h e  d i r e c t i o n  of f u t u r e  
r e s e a r c h .  V i s i t e d  S r .  R e &  Lagos of t h e  ENAP Opera t ions  
o f f i c e  i n  S a n t i a g o  i n  t h e  l a t e  a f t e r n o o n  t o  o b t a i n  p h y s i c a l  
oceanographic  d a t a  t aken  i n  t h e  S t r a i t s  r e g i o n  by ENAP. Data 
was n o t  r e a d i l y  a v a i l a b l e  and arrangements were made f o r  t h e  
in fo rmat ion  t o  be mailed t o  u s .  

22 August L e f t  S a n t i a g o  a t  10:OO a.m. f o r  Lima, Pe ru .  

23 August L e f t  Lima and r e t u r n e d  t o  Columbia, S .  C .  
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