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Two Newly Discovered Submarine Canyons, on Alaskan Cont inen ta l  

Marqin o f  Ber inq Sea 

Paul R. Car l son ,  J e f f r e y  M. F i s c h e r ,  and Herman A. Karl 

INTRODUCTION 

The s e a r c h  f o r  new energy r e s o u r c e s  hy t h e  U. S. Geolog ica l  Survey h a s  

focused i n c r e a s i n g  a t t e n t i o n  on t h e  Alaskan c o n t i n e n t a l  margin i n  t h e  Rer inq 

Sea, sometimes c a l l e d  t h e  Ber inqian margin. Althouqh t h e r e  has  been emphasis 

on t h e  h leu ti an I s l a n d s  and t h e  Ber ing  S t r a i t ,  p a r t l y  due t o  t h e i r  s t r a t e s i c  

l o c a t i o n s ,  t h e r e  h a s  been l i m i t e d  oceanographic  and geo log ic  coveraqe o f  t h e  

Ber inq ian  marqin u n t i l  t h e  l a s t  decade. The ba thymet r ic  and geophys ica l  t r a c k  

l i n e  coverage a c r o s s  t h e  n o r t h e r n  p a r t  of t h e  margin was, u n t i l  19R0, very  

s p a r s e .  However, r e q i o n a l  s t u d i e s  by Marlow and o t h e r s  ( 1976; i n  p r e s s )  and 

S c h o l l  and o t h e r s  (19761, r e s u l t e d  i n  t h e  d i s c o v e r y  of l a r g e  b a s i n s  f i l l e d  

wi th  t h i c k  sequences  of sedimentary  m a t e r i a l  of Cenozoic and perhaps  Mesozoic 

aqe.  These t h i c k  sedimentary  sequences  have become t h e  t a r q e t s  of s e v e r a l  

pet roleum l e a s e  s a l e s  p lanned f o r  t h e  nex t  f e w  y e a r s .  In  p r e p a r a t i o n  f o r  t h e  

scheduled s a l e s ,  we c o l l e c t e d  t h e  f i r s t  p u b l i c l y  a v a i l a b l e ,  d e t a i l e d ,  

ba thymet r ic  and h i q h - r e s o l u t i o n  qeophys ica l  d a t a  o w r  t h e  n o r t h e r n  Rer inqian 

margin i n  t h e  summer of 1980 (Car l son  and Kar l ,  1981).  From t h e s e  d a t a ,  we 



developed a better understanding of the margin, and in particular the three 

large submarine canyons, ~avarinsky, Pervenets, and Zhemchug Canyons (Plate 1 

and Carlson and others, 1981). The data collected in 1980 also sugqested the 

presence of another moderate-size canyon between Pervenets and Zhemchug 

Canyons. A second cruise, conducted in 1981 (Carlson and Karl, 1982) provided 

additional data on the northern Beringean marqin that showed two canyon 

systems to be present between Pervenets and Zhemchug Canyons (Fischer and 

others, 1982). 

The purpose of this paper is to describe, delineate and compare these 

newly-discovered submarine canyons. Included in the report are a detailed 

hathymetric map of the two canyon systems and sketches of seismic profiles 

showinq the canyons and the suhhottom units into which they were cat~ed. We 

also speculate briefly on the mode and time of formation of these canyons. 

Data Collection 

Data used to develop "smooth sheets" are taken primarily from 3.5 kHz 

transducer records complimented by simultaneously collected airqun seismic 

profiles collected in 19R0 and 1981 (Carlson and Karl, 1981, 1982). These 

data are supplemented by depth data from several other cruises (Marlow and 

Cooper, 1979, 1980; Scholl, Ruffinqton, and Marlow, 1976; Scholl and Marlow, 

1970). Navigational control was obtained from Loran C updated  with satellite 

positions. Water d e p t h s  for the Navarin study area were diqitized assuming 

1500 km/sec for speed of sound in water. Records were corrected for the hull- 

depth of transponder systems hut no other corrections were made of the depth 

data. 



MORPHOLOGY OF THE BERINGIAN CONTINENTAL MARGIN 

Three physiographic provinces make up the Beringian continental margin. 

These are the flat, wide, continental shelf, the steep, rugged continental 

slope, and the gently sloping continental rise that extends from the base of 

the slope to the 3600-111 isobath. Large submarine canyons deeply dissect the 

outer shelf and slope. Coalescing fans at the mouths of these canyons form 

part of the wedqe of sediment of the continental rise. The continental shelf, 

one of the widest and flattest in the world, is about 450 km wide and has a 

gradient of 0.02O seaward of the Yukon River delta. By comparison, Shepard 

(1963) reported a world-wide average continental-shelf gradient of 0 . 1 2 O .  The 

continental slope begins at ahout the 150-m isobath and extends to a depth of 

about 2800 m. The width of the continental slope is about 50 Jun. The 

qradients of the Navarin slope range from 3° to 8 O  and even steeper gradients 

exist locally (Fischer and others, 1982). These slopes compare falrly well 

with the world-wide average qradient for continental slopes of about 4.30 

(Shepard, 1963). The continental rise begins at the base of the slope at a 

depth of about 2800 m and extends to the 3600-1-11 isohath that appears to mark 

the beqinninq of the abyssal plain. The average width of the rise is about 75 

lun and the gradients across the rise range from O.SO to 1.8O (Fischer and 

others, 1982). Deep-sea channels cross the rise in the area of the canyon 

mouths and apparently are connected to the submarine canyons. 



D e s c r i p t i o n s  of Newly Discovered Canyons 

The Ber inq ian  c o n t i n e n t a l  s l o p e  between t h e  A l e u t i a n  I s l a n d  c h a i n  t o  t h e  

s o u t h e a s t  and Cape Navarin,  U . S . S . R .  t o  t h e  nor thwes t ,  is d i s s e c t e d  by seven 

l a r u e  suhmarine canyon systems. They a r e  from n o r t h  t o  sou th  Navarinsky, 

P e r v e n e t s ,  S t .  Matthew, Middle, Zhemchuq, P r i b i l o F  and Ber inq Canyons 

( P l a t e  1 ) .  Five of t h e s e  canyons have been known For a t  l e a s t  17 yrs 

(Kotenev, 1965). The names St. Matthew and Middle Canyons a r e  proposed f o r  

t h e  two canyons t h a t  have j u s t  been d i scovered .  

The name St. Matthew Canyon i s  t a k e n  from St. Matthew I s l a n d  l o c a t e d  

about  300 km n o r t h e a s t  of t h e  canyon head.  Middle Canyon i s  the name proposed 

f o r  t h e  o t h e r  canyon system f o r  two reasons :  ( 1 )  it i s  t h e  middle-most canyon 

of  t h e  seven l a r q e  s l o p e  canyons and ( 2 )  it is l o c a t e d  a t  a  midway p o i n t  on 

t h e  c o n t i n e n t a l  s l o p e  between t h e  A l e u t i a n  I s l a n d s  t o  t h e  s o u t h e a s t  and t h e  

U. S. S. R . ,  t o  t h e  nor thwest .  

A. St. Matthew Canyon system 

T h i s  complex d e n d r i t i c  canyon system,  c o n s i s t i n q  of two main h ranches ,  

heads  near  t h e  s h e l f  break i n  ahout  140 m of wa te r  ( P l a t e  1). The west  

thalweq t r e n d s  s o u t h e a s t  o b l i q u e l y  a c r o s s  the c o n t i n e n t a l  s l o p e  f o r  about  

65 ?un where it bends t o  t h e  sou th  and c o n t i n u e s  a n o t h e r  12 km where t h e  canyon 

dehouches o n t o  a  deep-sea f a n  a t  a  depth  of 3200 m. S t .  Matthew Canyon west  

h a s  an averaqe thalweq s r a d i e n t  o f  2 . 5 O  and r e a c h e s  a q r a d i e n t  of 3 . 3 O  over  

t h e  s t e e p e s t  p a r t  o f  t h e  canyon ( F i q .  1; Table  1). Relow 3200 m r  a s  t h e  

canyon morpholoqy chanqes t o  t h a t  of a deep-sea f a n  channe l ,  t h e  q r a d i e n t  

chanqes t o  0 . 4 O  and t h e  channel  ex tends  a t  l e a s t  a n o t h e r  55 k m  a c r o s s  t h e  

fan .  S e l e c t e d  cross-canyon p r o f i l e s  show a V-shaped canyon t h a t  h a s  maximum 

r e l i e f  of 2200 m on t h e  n o r t h e a s t  w a l l  and 1250 m on t h e  southwest  w a l l  



(Fiq. 2 a ) .  The w a l l s  of t h e  canyon have averaqe d e c l i v i t i e s  of 8.1° ,  r a n g i n q  

from a s  s t e e p  as 1 6 O  ( p r o f i l e  G-HI n o r t h e a s t  w a l l )  to a s  q e n t l e  a s  2- ( p r o f i l e  

*PI e a s t  w a l l ;  Table  2a). The western  branch o f  S t .  Matthew Canyon h a s  a t  

least n i n e  t r i b u t a r i e s  (F iq .  3 )  t h a t  averaqe  23 km i n  l e n q t h  and 5.2O i n  

g r a d i e n t ,  r anq ing  i n  l e n q t h  from 6 t o  42 km and i n  g r a d i e n t  from 8 . 5 *  t o  2.g0 

(Tab le  3a )  . 
The e a s t e r n  branch of t h e  St. Matthew Canyon system b e g i n s  a t  a  wa te r  

dep th  of ahout  150 rn and t r e n d s  south-southwest f o r  a d i s t a n c e  of about  34 km 

where t h e  canyon d i s c h a r q e s  o n t o  a  deep-sea f a n  a t  3000 m ( P l a t e  1 ) .  The 

average  a x i a l  q r a d i e n t  of t h e  e a s t e r n  branch is about 5O and reaches  a  

q r a d i e n t  of 7.60 over  t h e  s t e e p e s t  p a r t  of t h e  canyon (Fiq. 1; Table  1 ) .  The 

deep-sea channel  t h a t  ex tends  from t h e  e a s t  branch canyon about 64 )on a c r o s s  

t h e  f a n  t o  t h e  3600 rn i s o b a t h ,  has  a  g r a d i e n t  of 0.4O. The e a s t e r n  and 

wes te rn  branches  of t h e  S t .  Matthew Canyon system merge on t h e  f a n  a t  a  depth  

o f  about  3600 m. 

S e l e c t e d  cross-canyon p r o f i l e s  of t h e  e a s t e r n  branch of St. Matthew 

Canyon a r e  much less V-shaped t h a n  t h o s e  of t h e  w e s t  branch and show maximum 

w a l l  r e l i e f  of 1100 m (F iq .  2b; Table  2b) .  The w a l l s  have average d e c l i v i t i e s  

of 8 . 2 O ,  r a n q i n q  from a s  s t e e p  as 16.7O ( p r o f i l e  C-Dl west  w a l l )  t o  a s  q e n t l e  

a s  l.lQ ( p r o f i l e  I-J, west  w a l l ) .  The e a s t  branch of S t .  Matthew Canyon h a s  

t h r e e  qood-sized t r i h u t a r i e s  t h a t  ranue i n  l e n q t h  from 26.5 t o  30 km and i n  

a x i a l  g r a d i e n t  from 2.3 t o  4.R0 (Tab le  3 b ) .  



B. Middle Canyon system 

T h i s  complex canyon system c o n s i s t i n p  of two main branches  and numerous 

t r i b u t a r i e s  ( P l a t e  I ) ,  has a d e n d r i t i c  p a t t e r n  s i m i l a r  t o  t h e  St. Matthew 

system, b u t  has approximately  t w i e e  t h e  a r e a l  e x t e n t .  (St. Matthew = 3290 km2 

2 and Middle Canyon = 6620 km ) .  The w e s t  branch of Middle Canyon, h a s  c u t  a 

sha l low v a l l e y  about  20 km i n t o  t h e  s h e l f .  The west branch heads i n  130 m of 

water  and t r e n d s  s o u t h e r l y  a c r o s s  t h e  s l o p e  about  40 km where it debouches 

o n t o  a deep-sea f a n  a t  a wate r  depth  of 3000 m. The averaqe thalweg g r a d i e n t  

of t h e  west  branch of Middle Canyon is 4.1°  and t h i s  thalweq a t t a i n s  a 

q r a d i e n t  of 6 . 4 O  over  t h e  s t e e p e s t  p a r t  of t h e  canyon (F iq .  1; Table  1 ) .  The 

con t iguous  deep-sea f a n  channel  ex tends  a t  least 67 km a c r o s s  t h e  f a n  a t  a 

q r a d i e n t  o f  0 . 5 9 .  S e l e c t e d  cross-canyon p r o f i l e s  are V-shaped on t h e  s l o p e  

and open up d r a m a t i c a l l y  t o  broad channe l s  (12-20 km wide) on t h e  deep-sea f a n  

(F ig .  4a) .  The canyon has a maximum r e l i e f  of 1100 m on t h e  w e s t  w a l l  and 

650 m on t h e  e a s t  w a l l  (Table  4 a ) .  The w a l l s  of t h e  w e s t  branch canyon a t t a i n  

an apparen t  maximum s t e e p n e s s  of 20.6O ( e a s t  w a l l ,  p r o f i l e  C-D, F iq .  4a;  Table  

4a) and a s  low a q r a d i e n t  a s  1 . 6 O  on the f a n  channel  e a s t  w a l l  

( p r o f i l e  K - L ) .  The w a l l s  have an average s l o p e  of 9.3O. The west branch o f  

Middle Canyon has seven t r i b u t a r i e s  t h a t  join the canyon above a depth  of 

3200 m and f o u r  t h a t  merqe wi th  t h e  fan  channel  hetween 3200 and 3600 rn 

(Fiq. 3 1. The l o n q e s t  of t h e s e  e leven  v a l l e y s  measures 79 la (32  km above 

3000 m) and t h e  s h o r t e s t  i s  about  6 km i n  l e n q t h  (Tab le  5 a ) .  The s r a d i e n t s  

range from 11.3O f o r  a s l o p e  t r i b u t a r y  t o  O . R D  f o r  a f a n  v a l l e y .  

The east branch of the Middle Canyon system is  about  t h e  same s i z e  as t h e  

w e s t  branch and a l s o  h a s  a complex d e n d r i t i c  "drainaqe"  ( P l a t e  1 ) .  The e a s t  

branch beq ins  a t  a wa te r  depth  of 140 m and winds a c r o s s  t h e  s l o p e  i n  a south-  

s o u t h e a s t e r l y  d i r e c t i o n  f o r  60 k m  where it debouches o n t o  a d e e ~ - s e a  fan at a 



dep th  of 3200 m. The e a s t  branch of Middle Canyon h a s  an average a x i a l  

g r a d i e n t  of 2.g0 and reaches  a q r a d i e n t  of a t  l e a s t  4.3O i n  t h e  s t e e p e s t  p a r t  

of t h e  canyon (F ig .  1; Table  1 ) .  A t  3200 m t h e  a x i a l  q r a d i e n t  becomes g r e a t l y  

reduced r e s u l t i n g  i n  an averaqe g r a d i e n t  of 0.4O f o r  t h e  60 )an of channel  t o  a 

dep th  o f  3600 rn. The e a s t  branch merqes wi th  t h e  w e s t  branch of Middle Canyon 

a t  a dep th  of about  3600 m. 

T ransverse  p r o f i l e s  of t h e  e a s t  hranch of Middle Canyon a r e  l e s s  V-shaped 

t h a n  t h o s e  of t h e  west  hranch,  cominq c l o s e r  i n  p r o f i l e  t o  t h e  e a s t  hranch of 

t h e  S t .  Matthew Canyon system (compare F iqs .  2b and 4h) . The w a l l s  of t h e  

e a s t  branch of Middle Canyon show maximum r e l i e f  of R50 m and ranqe i n  

s t e e p n e s s  from 19.g0 ( p r o f i l e  C-D, e a s t  wall) t o  1.20 ( p r o f i l e  I-J, s o u t h e a s t  

w a l l  of f a n  c h a n n e l ) .  The w a l l s  have an averaqe slope of 6.50 (Tab le  4 h ) .  

The e a s t  hranch of Middle Canyon has  s i x  t r i b u t a r i e s  t h a t  j o i n  t h e  main 

thalweq a t  about  3000 rn and n i n e  t h a t  j o i n  t h e  e a s t  branch deep-sea channel  

between 3200 and 3600 m (F ig .  3). These t r i b u t a r i e s  have an average l e n q t h  of 

about  30 km and an average g r a d i e n t  of 3.7O (Table  5h). The s i x  canyon 

t r i b u t a r i e s  range i n  l e n q t h  from 7 t o  35 Ian and i n  g r a d i e n t  f r o m  4.1°  t o  

6 . 1 ° .  The n i n e  t r i b u t a r i e s ,  t h a t  j o i n  t h e  e a s t  branch of Middle Canyon below 

3200 m ,  range i n  l e n q t h  from 12.5 to 84 km and i n  q r a d i e n t  from 1.2" t o  5 . 5 "  

(Table  5b). The g r a d i e n t s  of t h e s e  t r i b u t a r y  v a l l e y s  a c r o s s  t h e  upper p a r t  of 

t h e  deep-sea f a n  v a r y  from 0.3O t o  l.OO. 



GEOPHYSICAL PROFILES AND SBAFLOOR SAMPLES 

3 Several seismic reflection profiles (sound source: 2 - 40 in airquns) 

were shot across the newly-discovered canyon svstems (Carlson and Karl, 1981, 

82). Rocks were dredqed from the walls of the two canyons (Jones and others, 

1981; Marlow, oral comrnun., 1982) and a total of 17 gravity cores (8.0 cm 

diameter) were collected from the two canyons and adjacent fans, six from the 

St. Matthew Canyon system and eleven from the Middle Canyon system ( K a r l .  and 

Carlson, 19A2). Locations of these airgun profiles, dredqes and qravity cores 

are shown in fiqure 5. 

Seismic-reflection profiles across both the St. Matthew and Middle Canyon 

systems show V-shaped gorges cut in layered sedimentary rocks. The reflectors 

that characterize the layered sedimentary sequences are sharply truncated at 

the canyon walls (Fig. 6). Hummocky, broken reflectors are present on some of 

the canyon walls and in some parts of the floor (Fiq. 7). 

A diapir-like feature has been found near the shelf-break adjacent to the 

southwest wall of St. Matthew Canyon (Fig. 8). A magnetometer record 

collected across this feature shows a 100 mqal anomally suqqestinq that the 

feature could be related to some type of igneous intrusive. The affect of 

this diapir-like mass on the overlyinq 200 + meters of sedimentary material is 

a sliqht amount of dominq of the strata. This diapiric feature does not 

appear to have had a noticeable affect on the west branch of St. Matthew 

Canyon. 

Several of the airqun profiles that were shot across the east and west 

hranchs of St. Matthew and the west branch o f  Middle Canyon (Fiq. 9) show 

walls devoid of reflectors. In Middle Canyon, the opposite wall shows well- 

developed reflectors truncated hy the canyon (Fiq. 9). A dredge haul from the 



r e f l e c t o r l e s s  w a l l  of t h e  east branch of St. Matthew Canyon (F ig .  10) y i e l d e d  

s e v e r a l  p i e c e s  of b a s a l t ,  one a f  which was d a t e d  by K-Ar  methods t o  be a t  

least as o l d  as Eocene (Jones and o t h e r s ,  1981). A r e c e n t  c r u i s e  of t h e  R/V 

S.P. Lee (L-9-82) produced a dredge h a u l  from t h e  n o r t h e a s t e r n  w a l l  of t h e  

w e s t  branch o f  S t .  Matthew Canyon t h a t  y i e l d e d  s e v e r a l  i.gneous r o c k s  r a n g i n g  

i n  type from b a s a l t  t o  d a c i t e  (M. Marlow, o r a l  commun., 1982).  Other b a s a l t s  

and some t u f f s  were dredged from o t h e r  a r e a s  on t h e  Ber ing ian  margin ( Jones  

and o t h e r s ,  1981).  

Burrowed, moderate ly  i n d u r a t e d  mudstones dredged from t h e  w a l l  of t h e  

w e s t  branch of Middle Canyon, that contains well-bedded r e f l e c t o r s ,  w e r e  d a t e d  

a s  Eocene u s i n g  s i l i c o f l a q e l l a t e s  and f o r a m i n i f e r s  ( J o n e s  and o t h e r s ,  1981).  

Other  sed imenta ry  r o c k s ,  p r i n c i p a l l y  burrowed mudstones and a  few sands tones ,  

dredqed from t h e  Ber ing ian  rnarqin have ranged i n  age from J u r a s s i c  t o  

Quaternary ( Jones  and o t h e r s ,  1981).  

G r a v i t y  c o r e s  c o l l e c t e d  on t h e  w a l l s  of t h e  two canyon systems c o n t a i n  

sediment t h a t  is p r i m a r i l y  c l a y e y  s i l t  and ranges  i n  age from Pl iocene  t o  

Holocene (Ba ldauf ,  1981).  Th i s  sediment is  i n  many p l a c e s  draped over  t h e  

o l d e r  T e r t i a r y  mudstones. 

Air-gun p r o f i l e s  a c r o s s  t h e  f a n  channe l s  show broad (10-15 km w i d e ) ,  f l a t  

v a l l e y s  a t  t h e  p r e s e n t  s e a f l o o r  u n d e r l a i n  by b u r i e d  channe l s  t h a t  c o n t a i n  a s  

much a s  400 m of sedimentary  f i l l  (F ig .  1 1 ) .  Some of t h e  deep-sea f a n  channel  

w a l l s  c o n t a i n  f l a t - l y i n q  r e f l e c t o r s  and i n  o t h e r  p l a c e s  t h e  w a l l s  a r e  

c h a r a c t e r i z e d  by jumbled and broken r e f l e c t o r s  and  hummocky morpholoqy. 

G r a v i t y  c o r e s  (3-5 m l e n q t h )  c o l l e c t e d  from t h e  f l o o r  of S t .  Matthew and o t h e r  

Navarin margin canyons and channe l s  c o n t a i n  o c c a s i o n a l  t h i n  sand o r  s i l t  

l a y e r s  i n t e r l a y e r e d  wi th  t h e  dia tom-r ich,  c l a y e y  si l t  t h a t  pervades  t h e  

Navarin margin (Ba ldauf ,  1981 1. Some of these c o a r s e  l a y e r s  a r e  graded and 



many c o n t a i n  b e n t h i c  f o r a m i n i f e r s  t h a t  a r e  t y p i c a l l y  thought  t o  be d i a g n o s t i c  

o f  much sha l lower  wa te r  ( m i n t e r n o ,  1981; Car lson and o t h e r s ,  1982). Some o f  

t h e  canyon c o r e s  a l s o  c o n t a i n  s e c t i o n s  of pebbly ,  sandy, mud and d i s r u p t e d ,  

c o n t o r t e d  sediment t h a t  is p r i m a r i l y  P u a t e r n a r y  i n  aqe (Rauldauf-, 1981) .  

DISCUSSION 

S i m i l a r i t i e s  i n  t h e  two canyon systems 

S t .  Matthew and Middle Canyon systems,  a l thouqh  s m a l l e r  t h a n  t h e  f i v e  

Xarqe canyons of t h e  Ber ing ian  marqin,  are comparable i n  s i z e  t o  most of t h e  

submarine canyons t h a t  c u t  i n t o  t h e  c o n t i n e n t a l  rnarqin of t h e  e a s t  c o a s t  of 

t h e  United S t a t e s ,  and a r e  c o n s i d e r a b l y  l a r g e r  t h a n  t h e  canyons o f f  s o u t h e r n  

C a l i f o r n i a  (Tab le  6 ) .  

The l a r q e  Rer ing ian  marqin canyons a r e  c u t  back f u r t h e r  i n t o  t h e  s h e l f  

t h a n  a r e  t h e  S t .  Matthew and Middle Canyons and a s  a r e s u l t  have c o n s i d e r a b l y  

lower a x i a l  q-radients (Tab le  6 ) .  The v e r y  s t e e p  g r a d i e n t  of t h e  e a s t  branch 

of St. Matthew Canyon, 5.1° (Tab le  11, is s t e e p e r  t h a n  most of t h e  submarine 

canyons r e p o r t e d  by Shepard and D i l l  (1966)  and even s t e e p e r  t h a n  t h e  world 

wide averaqe  q r a d i e n t  of c o n t i n e n t a l  s l o p e s  (4 .3O,  Shepard,  1963).  The e a s t  

hranch i s  c u t  i n t o  a s l o p e  t h a t  has  an averaqe q r a d i e n t  of ahout  6O. The west  

branch of Middle Canyon ( tha lweq  q r a d i e n t  4 . 1 ° )  is a l s o  s t e e p e r  t h a n  most of 

t h e  w o r l d ' s  submarine canyons. There a r e  o t h e r  s i m i l a r i t i e s  between 

St. Matthew and Middle Canyons i n  a d d i t i o n  t o  t h e i r  s i z e  and s t e e p n e s s .  The 

w e s t  hranch of each canyon makes an oblique t r a v e r s e  a c r o s s  t h e  s l o p e  and t h e  



west branch of each is more V-shaped than the east branch. The two canyon 

systems apparently contribute to the build-up of one deep-sea fan; the fan 

channels appear to merqe on the fan beyond the 3600 m isohath (Plate 1). 

Both canyons are cut into Tertiary strata that ranges In age from Eocene 

to Pliocene. The principal rock type is a burrowed, moderately indurated 

mudstone. In many places throughout the Navarin province, this Tertiary 

mudstone is covered, probably disconfonnably, by several tens of meters of 

Pleistocene-Holocene unconsolidated sediment. 

Sediment from the floor of both St. Matthew and Middle Canyon-fan-channel 

systems contains fine sand and silt layers interbedded with the normal diatorn- 

rich mud. Many of these coarse layers are graded and many contain benthic 

foraminifers that are more typical of shallow water environments, suggesting 

emplacement by turbidity currents. The young ages of the sediment suggest 

that some turbidity current activity occurs from time to time even today. 

Several of the gravity cores also contain pebbly, sandy mud layers and some 

contain highly contorted, disrupted layers that indicate this material has 

slumped or slid to its present locality. The submarine slidina that i s  

indicated by these coarse and contorted sediments very likely generates the 

turbidity currents. Both slidinq and turbidity current activity can also be 

inferred from the seismic-reflection profiles we have obtained from these 

canyon-fan systems. 



Differences between the two canyon systems 

Thexe are also several differences between the two canyons. Middle 

Canyon has the larger "drainage" area, has mare tributaries, and has longer 

fan channels, whereas St. Matthew Canyon has the lonqest and shortest 

principal canyons. 

Stratigraphically, the biggest difference between the canyons is the 

presence of an outcrop of Eocene basalt that forms part of the east wall of 

the east branch of St. Matthew Canyon. Basalt also has been dredged from the 

west branch of St. Matthew Canyon. In comparison, only sedimentary rocks have 

been dredged from the walls of Middle Canyon; however, additional dredging may 

show that the reflectorless wall of Middle Canyon (Fiq. 9) also contains 

basalt outcrops. 

Genesis of the canyon systems 

We subscribe to the hypothesis of Scholl and others (1970), that the 

larqe canyons of the Beringian margin were cut when lowered sea level exposed 

the Bering shelf to a depth of about 150 m and allowed larqe rivers such as 

the Yukon and Anadyr to carry larae amounts of sediment to the shelf edge. 

The most likely canyon-cutting aqents were slumps and resultinq turbidity 

currents supplemented by bioturbation of canyon walls and by erosional effects 

of canyon-focused waves and currents (Carlson and others, 1982). 

We have deduced from seismic-reflection profiles and sediment-samples 

that similar processes appear to have been responsible for the carving of the 

St. Matthew and Middle Canyon systems. At questio~, however, is the reason 

for the much larger size of Navarinsky, Pelvenets, and Zhemchuq Canyons 

compared to St. Matthew and Middle Canyons. Perhaps the position of the 



canyons wi th  r e s p e c t  t o  t h e  major r i v e r s  (Anadyr and Yukon) t h a t  meandered 

a c r o s s  t h e  f l a t  Ber ing  Shelf  d u r i n q  P l e i s t o c e n e  and earlier low-stands of s e a  

l e v e l  was a key f a c t o r .  I f  we look a t  a map of the  Ber inq s h e l f  ( P l a t e  1 

i n s e t ) ,  we s e e  t h a t  S t .  Matthew I s l a n d  lies d i r e c t l y  i n  l i n e  between t h e  Yukon 

Del ta  and t h e  heads of t h e  S t .  Matthew and Middle Canyon systems. Accordinq 

t o  P a t t o n  and o t h e r s  (19761, St .  Matthew I s l a n d  is  made up o f  some 500 m o f  

s u b a e r i a l  v o l c a n i c  rocks  i n t r u d e d  by an e a r l y  T e r t i a r y  age m a n o d i o r i t e .  They 

s u q g e s t  t h a t  t h e  i s l a n d  is a southeastward e x t e n s i o n  of t h e  Cretaceous-Ear ly  

T e r t i a r y  v o l c a n i c  a r c  t h a t  b o r d e r s  t h e  S i b e r i a n  P a c i f i c  margin. Perhaps t h i s  

r e s i s t a n t  i s l a n d  p l a t f o r m  se rved  a s  a  d e f l e c t o r  o f  t h e  Yukon River  as it 

meandered seaward a c r o s s  the  broad s h e l f ,  t h u s  i n h i b i t i n g  i n i t i a t i o n  of 

St. Matthew and Middle Canyons perhaps  u n t i l  t h e  P l e i s t o c e n e .  Also t h e  

wes te rn  edqe of t h e  l a r g e  Navarin Basin ,  benea th  t h e  o u t e r  s h e l f  and upper 

s l o p e ,  i s  bordered by a northwestward t r e n d i n s  basement h iqh  b u r i e d  by 0.5 - 
1.0 km of Cenozoic sediment (Marlow and o t h e r s ,  1976). Th is  basement r i d q e  

would a l s o  r e s u l t  i n  r e s t r i c t e d  a c c e s s  of t h e  l a r q e  r i v e r s  t o  much of t h e  a r e a  

of t h e  p r e s e n t  c o n t i n e n t a l  s l o p e  u n t i l  t h e  b a s i n  w a s  n e a r l y  f u l l  of  

sediment .  J u s t  a s  wi th  any r i d q e  system, t h e  wa te r  qap is determined n o t  on ly  

hy low s p o t s  i n  t h e  r i d q e  b u t  a l s o  by t h e  p resence  of l e s s - r e s i s t a n t  o r  more 

f a u l t e d  and f r a c t u r e d  seqments of t h e  b a r r i e r .  Compoundinq the  problem, i s  

t h e  p resence  of b a s a l t  on t h e  w a l l s  of a t  l e a s t  St. Matthew Canyon and perhaps  

Middle Canyon. If t h i s  iqneous  rock i s  pxesen t  a s  an e l o n g a t e  r i d g e  p a r a l l e l  

t o  t h e  she l f -b reak ,  t h e  c u t t i n q  of t h e s e  two-smaller  canyons would indeed be 

r e t a r d e d .  However, igneous rocks  a l s o  have been dredged from the w a l l s  of 

Zhemchuq and Pervene t s  Canyons ( Jones  and o t h e r s ,  1981). Without f u r t h e r  

d redg inq  w e  cannot  a s s e s s  t h e  r e l a t i v e  importance of t h e  iqneous  rocks  a s  t o  

t h e i r  i n f l u e n c e  on t h e  r a t e s  of canyon c u t t i n q  i n  any of t h e  f o u r  canyons. 



Our model of canyon development suggests that the large canyons began 

forming much earlier than did the St. Matthew and Middle Canyon systems. 

During low stands of sea level perhaps in the late Tertiary, the ancestral 

Yukon and Anadyr Rivers contributed to the development of the three laxqe 

canyons. Geographically the Anadyr River seems most likely to have 

contributed to the formation of Navarinsky Canyon and the Yukon to Zheachuq 

Canyon. Pervenets Canyon could have been influenced by distributaries from 

either of the two major rivers. Proximity would suqqest that distributaries 

of the Yukon River would be the most likely contributors to the St. Matthew 

and Middle Canyon systems. 
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Table 1. Pr inc ipa l  Canyons and Fan Channe l s  of the  St. Matthew 
and Middle  Systems 

Canyon Lenqth ()an) Head ( m )  Mouth(rn) Gradient 
I 

Steepest 
G r a d i e n t  

St. Matthew 
West Branch 70 150 3000 2.5O 3.3O 

East Branch 34 150 3000 5.1° 7.6O 

Middle 
W e s t  Branch 40 

E a s t   ranch 60 140 3200 2.9O 4.3O 

Fan Channel 

St. Qtthew 
West Branch 55 

E a s t  Branch 64 3200 3600* 0.40 

Middle 
West Branch 67 

East Branch 60 3200 3600* 0.40 

* Marks extent of d e e p e s t  c o n t o u r ;  c h a n n e l  extends f u r t h e r  o n t o  f a n .  See 
Figure  3 for l o c a t i o n  o f  canyon systems. 



Table 2a. West Branch, St. Matthew Canyon wall gradients 

Sect ion* Length( km) Relief (m) Gradient 

Table 2b. East Branch, St. Matthew Canyon w a l l  g r ad i en t s  

Sect ion* Length ( km) Rel ie f  (m) Gradient 

*Side of t r a n s v e r s e  p r o f i l e  from top of wall t o  thalweg of canyon. 
(See Fiq. 3 for p r o f i l e  locations) . 



Table 3a. Txibutaries of the west branch of St. Matthews Canyon system 

West branch 
Wibutararies  Lenqth(lan) - Head (m) Mouth ( m )  Gradient 

Fan Channel Length (h) Head (m) Mouth (m) Gradient 

Table 3b. Tributaries of the eas t  branch of S t .  Matthew Canyon system 

East branch 
Tributaries* Length (km) Head(m) Mouth (m)  Gradient - 
1 
2 
3 
avq . 

*See F i g u r e  3 for locations of t r ibutar i e s .  



Table 4a. Wall qradients  o f  the w e s t  branch of Hiadle Canyon 

Section* Relief (m) Gradient 

Table 4b. Wall gradients of  the e a s t  branch o f  Middle Canyon 

Side of transverse profile from top o f  w a l l  t o  thalweq of canyon. 
(See F i g .  3 f or  profile Locations). 



Table 5a. Tributaries of the west branch of Middle Canyon 

West branch 
Tributaries* Lenqth (Length to - Head (m) Mouth (m) 

300 m) 
Gradient 

Fan Channels* Lenqth(km) Head(rn) Mouth (m) Gradient - 

5 
6 
7 
8 

9 
10 
11 
12 
avg . 

See Fiqure 3 for location of tributaries and fan channels. 



Table 5b. Tributaries of the east branch of Middle Canyon 

Tributaries* Length ( l e n q t h  - Head(m) Mouth(rn) Gradient 
h to 3000 m) 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
ave . 

Fan Channels Lenqth(km) Head(m) Mouth(m) - Gxadient 

9 
11 
13 
14 
15 
avg 

See Figure 3 For locations of the tributaries and fan channels. 



Table 6 .  Comparison o f  canyons of the ReringIan c o n t i n e n t a l  margin with 
canyons of t h e  east and west  c o a s t s  o f  t h e  U . S .  (Data for east and 
w e s t  c o a s t  canyons from Shepard and D i l l ,  1966) 

East Coast Canyons lenqth (km) qradient  

Corsair  
Lydonia 
G i l b e r t  
Oceanographer 
Welker 
Hydrographer 
Hudson 
W i  lmington 
Baltimore 
Washinqton 
Norfolk 

West Coast Canyons 

Astor ia  
Ee  1 
Monterey 
Muqu 
Dume 
Redondo 
Scr ipps 
La J o l l a  
Coronado 

B e r i n q i a n  Marqin Canyons 

Navarinsky 
'Pervenets 
S t .  Matthew 
Middle 
Zhemchug 
P r i b i l o f  
Bering 



EXPLANATION 

- .- St Matthew (west) 

St Matthew (east) 
3 1  Middle (west) 

. . . . . . . . Middle (east) 

AXIAL DISTANCE FROM CANYON HEAD, IN KILOMETERS 

Fiqure 1. Thalweq p r o f i l e s  of main hranches of St. Matthew and Middle  
Canyons. 





Fiqure 3. Map of St. Matthew and Middle Canyon systems, showinq thalweqs of 
main branches and tributaries and locations of transverse profiles 
illustrated in Fiqures 2 and 4. 



W A T E R  DEPTH, IN METERS 
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Core samples 
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Figure 5. Map showinq locations of core and dredee samples and seismic 
p r o f i l e s ,  i n c l u d i n q  illustrated l i n e  drawinas. 
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Fiqure 8 .  I n t e r p r e t i v e  l i n e  drawinq of air-aun ~rofile a c r o s s  the St. Matthew 
Canyon system ( s e e  F i q .  5 for l o c a t i o n ) .  (V.E. " ~ 7 ) .  





Figure 10. Interpretive l i n e  drawinq of airqun profile across east branch of 
S t .  Matthew Canyon (see Fiq. 5 for location). ( V . E .  -x7). 




