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Abstract.-- 'Reconnaissance inves t igat ions  of t h e  here tofore  l i t t l e  

known volcanic assemblage on St.  Matthew Is land provide s i g n i f i c a n t  

information on the  t ec ton ic  h i s to ry  of the  Bering Sea she l f .  S t .  Matfhew 

Is land i s  made up of approximately 500 m of subaer ia l  calc-alkaline 

volcanic rocks ranging i n  composition from high-alumina b a s a l t  t o  rhyo l i t e .  

Four K-Ar analyses of samples from t h i s  volcanic sequence give  Late 

Cretaceous ages of 65-77 m.y., and in te rca la ted  carbonaceous t u f f  l aye rs  

y i e l d  Cretaceous pol len  assemblages. Along t h e  nor theas t  coast  of St .  

Matthew Is land the  volcanic rocks a r e  intruded by granodiori te  t h a t  gives 

an e a r l y  Ter t i a ry  K-Ar age of 61 m.y. 

C o r r e l a t i o n s  with on-land geology i n  nor theas t  S ibe r ia  and marine 

geophysical d a t a  from t h e  western Bering Sea s t rongly  suggest t h a t  S t .  

Matthew Is land represents  a southeastward extension of t h e  Okhotsk- 

Chukotsk b e l t ,  a Late Cretaceous and e a r l y  Ter t i a ry  volcanic a r c  t h a t  

borders t h e  P a c i f i c  margin of S i b e r i a  f o r  3,000 km. The apparent 

continuation of t h i s  volcanic a r c  along t h e  margin of t h e  Bering shel f  a t  

least as f a r  e a s t  a s  S t .  Matthew Is land supports suggestions by Burk and 

by Scholl  and others  t h a t  i n  l a t e  Mesozoic time t h e  P a c i f i c  p l a t e  margin 

coincided wi th  t h e  present-day Bering shel f  margin and did not  s h i f t  t o  

t h e  Aleutian trench u n t i l  the  end of Cretaceous o r  the  beginning of 

Tertiylry t i m e .  
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\ 
During the  summer of 1971 t h e  U.S. Geological Survey conducted a 

reconnaissance expedition t o  S t .  Matthew Is land i n  t h e  c e n t r a l  Bering 

Sea aboard t h e  Survey research vesse l  Don J. Miller  11. The purpose of 

t h e  expedit ion was t o  obtain bas ic  geologic information on the  age and 

l i t h o l o g i c  character  of t h e  volcanic rocks on S t .  Matthew a s  p a r t  of a 

broad program of onshore and offshore inves t igat ions  of t h e  energy and 

mineral resources of the  Bering Sea she l f .  S t .  Matthew Is land had not  

been mapped previously and ava i l ab le  geologic information w a s  confined t o  

b r i e f  notes from e a r l y  exploratory surveys of t h e  Bering Sea region 
* 

published more than 50 years ago (Dawson, 1894; Emerson, 1910). 

St.  Matthew I s land  together with two small neighboring i s l ands ,  

Hal l  and Pinnacle, is s i t u a t e d  400 km w e s t  of mainland Alaska on t h e  

broad cont inenta l  shel f  t h a t  connects Alaska and S iber ia  ( f ig .  1) .  

Figure 1 near here. 

2 
Although these  i s l ands  have a combined a rea  of only 350 km , they are 

important because they provide a r a r e  subaer ia l  exposure of t h e  geology 

of the  shel f  and furnish  new information on t h e  t ec ton ic  h i s to ry  of t h e  

Bering Sea region. 

This r epor t  b r i e f l y  describes the geology of t h e  i s l and  and suggests 

how t h e  i s l and  f i t s  i n t o  t h e  tec tonic  framework of t h e  Bering Sea region. 



Figure 1.--Index u p  rhowing St. Matthew I s h d  and Beriq S e a  shelf. 



DESCRIPTION OF ROCK UNITS 

S t .  Matthew and nearby H a l l  and Pinnacle Is lands  a r e  made up almost 

e n t i r e l y  of an assemblage of f la t - ly ing t o  gently folded subaer ia l  calc- 

a l k a l i n e  volcanic rocks of Late Cretaceous and e a r l i e s t  Ter t i a ry  age (f ig.  2) 

Figure 2 near here. 

(Patton and others ,  1975). The exposed thickness of t h e  volcanic sequence 

i s  a t  l e a s t  500 m. Along t h e  north coas t  of S t .    at thew the  volcanic rocks 

a r e  intruded and thermally a l t e r e d  by small stocks of granodior i te  of e a r l y  

Ter t i a ry  age. A small, fault-bounded block of contorted volcanic graywacke 

and a r g i l l i t e  of unknown age and uncertain a f f i n i t i e s  occurs near the  

center  of t h e  i s land.  
0 

Volcanic assemblage 

The lower p a r t  of the  volcanic assemblage cons i s t s  ch ie f ly  of gndesite, 

d a c i t e ,  k d  r h y o l i t e  t u f f s  with minor andes i t i c  and d a c i t i c  flows, dikes 

and plugs. This predominantly pyroc las t i c  succession under l ies  v i r t u a l l y  

a l l  of St .  Matthew Is land and a l s o  is  exposed i n  a small a rea  along t h e  

east s i d e  of Hal l  I s land ( f ig .  2).  Pollen, i d e n t i f i a b l e  as Cretaceous i n  

age, was col lec ted  from these  rocks a t  two l o c a l i t i e s  along the  southwest 

coast  of S t .  Matthew Island. No samples of t h e  t u f f s  and breccias  s u i t a b l e  

f o r  isotope dat ing were found on S t .  Matthew Is land because of pervasive 

a l t e r a t i o n  by granodior i te  in t rus ions .  An unaltered sample of t h e  breccia  

from Hal l  I s land,  however, gave mineral p a i r  da tes  of 74.1+2 - m.y. and 74.4+2 

m.y. (Late Cretaceous) f o r  b i o t i t e  and hornblende, respectively.  Analyticel  

d a t a  f o r  t h e  K-Ar ages have been published previously (Patton and others ,  





The pyroc las t i c  rocks a r e  capped by flows of high-alumina b a s a l t  and 

andes i t e  t h a t  are a t  l e a s t  250 m th ick  at the  north end of S t .  Matthew 

Is land and on Ha l l  Is land.  On Hal l  I s land these  flows a r e  in ter layered 

with andes i t i c  t u f f s  and conglomerate. Potassium-argon ages of 76.8+_2 

m.y. and 64.8+_2 m.y. (Cretaceous and Ter t iary?)  were obtained from two 

whole-rock samples of t h e  flows a t  t h e  nor th  end of S t .  Matthew Island.  

The youngest volcanic rocks a r e  d a c i t e  and r h y o l i t e  welded t u f f s  and 

fine-grained hypabyssal rocks t h a t  appear t o  be, a t  l e a s t  i n  p a r t ,  

cogenetic with granodiori te .  These f e l s f c  volcanic rocks have not been 

dated i s o t o p i c a l l y  but  a r e  assigned a Ter t i a ry  (probable e a r l i e s t  Ter t i s ry )  

age on t h e  b a s i s  of t h e i r  apparent consanguinity with the  granodiori te .  

Granodiorite 

Fine-grained l eucocra t i c  hornblende granodiori te  crops out i n  s e a c l i f f s  

a t  severa l  l o c a l i t i e s  along t h e  north-facing coast  of S t .  Matthew Is land 

( f ig .  2). The t o t a l  exposed a rea  of t h e  granodior i te  i s  small, bu t  t h e  

volume of these  i n t r u s i v e  rocks may be considerably g rea te r  i n  t h e  subsurface. 

This is suggested by the  r e l a t i v e l y  l a r g e  area  of thermal a l t e r a t i o n  of t h e  

pyroc las t i c  hos t  rock extending w e l l  beyond t h e  s m a l l  a rea  of exposure of 

t h e  granodiori te .  A g rea te r  subsurface volume i s  a l s o  suggested by a broad 

10 mGal p o s i t i v e  gravi ty  anomaly over the  coas t l ine  which, according t o  

I Barnes and Estlund (1975), can be  accounted f o r  by t h e  densi ty  con t ras t  

between a l a rge  granodior i te  body a t  shallow depth and the  less dense 

pyroc las t i c  host  rocks. 

A potassium-argon age of 60.752 m.y. ( e a r l i e s t  Ter t iary)  was obtained 

from hornblende from a sample of t h e  granodior i te  col lec ted  on the  c e n t r a l  

p a r t  of t h e  is land.  
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Volcanic graywacke and a r g i l l i t e  

A puzzling sec t ion  of highly deformed and thermally a l t e r e d  marine 

volcanic graywacke and a r g i l l i t e  occurs i n  a small fault-bounded block i n  

the  c e n t r a l  p a r t  of St .  Matthew Is land ( f ig .  2). These sedimentary rocks 

show small-scale crossbedding and convolute laminations suggesting t h a t  

they a r e  t h e  d i s t a l  f a c i e s  of a tu rb id i t e .  No other exposures of these  

rocks were found and t h e i r  age and s t r a t i g r a p h i c  re la t ionsh ips  are uncertain. 

The s t r u c t u r a l  complexity of these  rocks ind ica tes  t h a t  they probably are 

older than t h e  Upper Cretaceous volcanic rocks of t h e  i s land.  However, 

t h e  proximity of S t .  Matthew t o  the  probable Cretaceous margin of the  

Bering shel f  and cor re la t ions  with on-land geology i n  nor theas t  S ibe r ia  

make i t  appear l i k e l y  tha t  they a r e  Cretaceous. 

CHlEMICAL ANALYSES AND NORMS 

The volcanic-plutonic assemblage on S t ,  Matthew Is land shows a t y p i c a l  

c a l c a l k a l i n e  trend on an AFM p l o t  of 34 representa t ive  samples ( f i g  . 3). 

Figure 3 near here. 

The alkali-lime index f o r  the  samples is 58 and w e l l  within tbe  ca lc-a lkal i  

f i e l d  of Peacock (1931). The analyzed samples (Patton and others ,  1975) 

include high-alumina b a s a l t  flows; andes i te ,  dac i t e ,  and r h y o l i t e  t u f f s ,  

flows, and hypabyssal rocks; and granodiori te .  A l l  of t h e  samples are 

quar tz  and hypersthene normative, and some of t h e  more s i l i c i c  andes i te  

contains s u f f i c i e n t  excess of A1203 s o  t h a t  corundum appears i n  t h e  norm 

with  the  consequent exclusion of diopside. 



Figure 3.-AFM plot of 34 representative sampler of volcanic a d  plufmic 

rocks on St. Matthew Im1.trd. 



LATE CRETACEOUS AND EARLIEST TERTIARY VOLCANISM AND TERRIGENOUS 

DEPOSITION I N  THE BERING SEA 

The broad d i s t r i b u t i o n  of volcanism and terr igenous deposit ion i n  the  

Bering Sea region during Late Cretaceous and e a r l i e s t  Ter t iary  (-80 t o  55 

m.y.) t h e  is shown i n  f igure  4. During t h i s  t i m e ,  t h i ck  terr igenous 

Figure 4 near here. 

sediments were deposited along the  cont inenta l  margins of both northeast  

S ibe r ia  and Alaska. A t  t he  same t i m e  volcanism occurred behind the  

cont inenta l  margin along a r e l a t i v e l y  narrow b e l t  i n  northeast  S ibe r ia  and 

over a somewhat broader b e l t  i n  western Alaska. The northern l i m i t  of 

large-scale volcanic and plutonic  a c t i v i t y  was the  pre-Late Cretaceous 

miogeosynclinal Verkhoyansk-Chukotsk b e l t  i n  S ibe r ia  and the  Seward 

Peninsula-Brooks Range b e l t  i n  Alaska. Between Alaska and Siber ia ,  t h e  

b e l t  of miogeosynclinal rocks appears t o  bow southward through S t .  Lawrence 

Is land (Patton and Ta i l l eu r ,  1972). 

Volcanism 

I n  northeast  S ibe r ia  volcanic and associated plutonic  a c t i v i t y  was 

confined l a rge ly  t o  the  Okhotsk-Chukotsk b e l t ,  a r e l a t i v e l y  narrow but  

continuous t ec ton ic  fea tu re  t h a t  p a r a l l e l s  the  P a c i f i c  margin i n  S ibe r ia  

f o r  nearly 3,000 lcm (Belyi,, V. F. , 1973, Tilman and others ,  1969). I n  

the  v i c i n i t y  of the  Gulf of Anadyr, t h e  Okhotsk b e l t  tu rns  abruptly t o  

t h e  southeast  and extends along the  south s i d e  of t h e  Chukotsk Peninsula. 



Figure 4.--Dirtribution of volcanium d terrigenotu deposition i n  the Bering 

Sea region during Late Cretaceous and ur1ie.t  Tertiary e80 to 55 m y . )  



Recent offshore geophysical inves t iga t ions  and onshore geologic 

mapping on St .  Matthew and St .  Lawrence Is lands  suggest t h a t  the  Okhotsk 

b e l t  continues southeas ter ly  across the  ~ A r i n ~  shelf  a t  l e a s t  as f a r  as 

St .  Matthew Is land ( f i g ,  4). I n  t h e  Gulf of Anadyr and on the  western 

Bering shel f  Soviet geologists  be l ieve  tha t  they can t r ace  the  volcanic 

rocks of t h e  Okhotsk b e l t  along a broad Cenozoic high from t h e  Chukotsk 

Peninsula near ly  t o  S t .  Matthew Is land (Verba and others ,  1971). On S t .  

Lawrence Is land subaer ia l  calc-alkaline volcanic rocks s imi la r  t o  those 

on S t .  Matthew Is land have been mapped on the  western and c e n t r a l  p a r t  of 

t h e  i s l and  (Patton and Csejtey, 1971). Three K-Ar ages have been reported 

f o r  the  volcanic rocks on St .  Lawrence Island: 62.8 and 60.5 m.y. on 

sanidine and hornblende, respectively,  from a t rachyte  (Patton and Csejtey, 

1971) and 62,2 m.y. on a d a c i t e  (Dalryrnple and Lanphere, 1971). 

The extent  and d i s t r i b u t i o n  of volcanic rocks on the  Bering shel f  

east of St .  Matthew Island a r e  not  known. However, i n  western Alaska a 

major b e l t  of subaer ia l  calc-alkaline volcanic rocks can be  traced f o r  

about 800 km northeastward from t h e  lower Kuskokwim River va l l ey  t o  t h e  

Arctic Circle.  Six K-Ar ages ranging from 58-69 m.y. (Patton and Miller, 

1973; Hoare and Condon, 1966; Hoare, unpub. data; and Patton, Lanphere, 

and ~ r o s ~ e ,  unpub. data)  have been obtained from these volcanic rocks. 

Two smaller  areas  of s imi la r  volcanic rocks a l s o  have been mapped i n  t h e  

upper Kuskokwim-Yukon region, but  no i so top ic  ages have been measured on 

these  rocks (Cass, 1959; Eakin, 1918). 



I n  addi t ion  t o  t h e  known areas  of volcanism s h a m  i n  f igure  4 the  

broad region of western Alaska south and e a s t  of the  Seward Peninsula-Brooks 

Range b e l t  a l s o  contains many l a r g e  g r a n i t i c  plutons, some of which may 

represent  roo t s  of former volcanic terranes.  Only a few of these p lutonic  

bodies have been dated i so top ica l ly ,  but  these  ages a r e  s u f f i c i e n t  t o  show 

t h a t  m a g m a t i s m  was widespread i n  Late Cretaceous and e a r l i e s t  Ter t i a ry  time. 

For example, i n  the  northern Koyukuk region along the  Hogatza trend a major 

p lu ton ic  event has been dated at about 80 m.y. (Miller and others ,  1966). 

An age of 79 m.y. has been measured on a large  g r a n i t i c  pluton at Cape 

Romanzof i n  the  Yukon d e l t a  (Hoare and Condon, 1968), and a s imi la r  pluton 

i n  t h e  c e n t r a l  Kuskokwim has yielded an age of 65 m.y . (Hoare, unpub . data) .  

I n  southern Alaska, Reed and Lanphere (1973) have documented a major 

i n t r u s i v e  phase i n  the Alaska-Aleutian Range ba tho l i th  between 58 and 83 

m.y. on t h e  b a s i s  of 70 K-Ar mineral ages. 

Terrigenous deposit ion 

I n  Alaska, a b e l t  of highly folded deep-water f lysch deposits  containing 

a spa rse  Maestrichtian fauna has been traced from the  Chugach Mountains 

through Kodiak and the  Shumagin Is lands  (Jones and Clark, 1973). A t  t he  

southwest end i n  the  Shumagin Is lands ,  Moore (1972) found evidence t h a t  t h i s  

b e l t  d id  not continue southwestward along the  Aleutian Arc but crossed the  

trend of the  Alaska Peninsula and extended northwestward along t h e  margin 

of Bering Sea s h e l f .  These deep-water deposi ts  a r e  bordered on the  north 

by a band of f o s s i l i f e r o u s  shallow-water sedimentary deposits  t h a t  s t r e t c h e s  

from t h e  Wrangell Mountains t o  the  lower Alaska Peninsula. 

I n  t h e  Koryak-Anadyr region of S ibe r ia  ( f ig .  4),  Soviet geologis ts  

(Avdeiko, 1971; Gladenkov, 1964) a l s o  recognize an outer  b e l t  of deep-water 

f lysch  deposi ts  with mafic volcanic rocks and an inner b e l t  of shallow-water 

and nonmarine sedimentary deposi ts .  
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Along t h e  Bering shelf  margin acoust ica l  p ro f i l ing  and dredging by 

Scholl  and others  ( i n  press)  and Hopkins and others  (1969) have shown t h a t  

highly deformed f lysch deposi ts  under l ie  the  shel f  edge beneath a th ick  

cover of poorly consolidated Neogene sediments. Foss i l s  of l a t e  Mesozoic 

o r  e a r l i e s t  Ter t i a ry  age occur i n  samples of the  f lysch dredged from t h e  

wal ls  of P r ib i lo f  Canyon. This was a p a r t i c u l a r l y  important discovery 

because it appears t o  bear out e a r l i e r  suggestions of Burk (1965) t h a t  t h e  

l a t e  Mesozoic cont inenta l  margin deposits  of the  Alaska Peninsula and 

Koryak-Anadyr region were connected by way of the  Bering shel f  margin. It 

a l s o  is  s i g n i f i c a n t  because i t  es tab l i shes  t h e  contemporaneity of calc- 

a l k a l i n e  volcanism on St .  Matthew Is land and t h e  deposit ion of f lysch 

sediments on t h e  cont inenta l  margin, 

PLATE TECTONIC INTERPRETATION 

Figure 5 shows t h e  p l a t e  model f o r  the  Bering Sea region proposed by 

Figure 5 near here. 

Scholl ,  Buffington, and Marlow ( in  press) .  Their model suggests t h a t  t h e  

l a t e  Mesozoic boundary between the North American-Eurasian cont inenta l  p l a t e  

and t h e  Kula oceanic p l a t e  extended from Siber ia  t o  Alaska along the  present  

Bering shel f  margin. A t  t he  end of t h e  Mesozoic o r  i n  the  ea r ly  Ter t i a ry  

the  boundary e i t h e r  jumped o r  migrated t o  i ts  present pos i t ion  a t  t h e  

Aleutian Trench, i s o l a t i n g  t h e  deep Bering Sea bas in  behind t h e  Aleutian arc. 

This model i s  supported by t h e  discovery of extensive calc-alkaline 

volcanism of Late Cretaceous and e a r l i e s t  Ter t i a ry  age on S t .  Matthew Island 

wi th in  a few hundred k i l m e t r e s  of the  shel f  edge and by t h e  cor re la t ion  of 

t h i s  volcanism with f lysch deposit ion a t  t h e  shel f  margin. 



Fi(gure 5. Boundary m d  relative plate aotisn between Kula Plate (shaded) 

and North hr icawEurae irn  Plate i a  the Bering Sea region in  la te  



The re la t ive  motion of the Kula p la te  i n  t h i s  proposed model appears 

t o  have been a t  a small convergence angle with the  Bering shelf margin, 

leading t o  the suggestions tha t  the  margin was a transform fau l t .  Our 

evidence f o r  an extensive b e l t  of calc-alkaline volcanism para l l e l  t o  the 

margin, however, seems t o  argue fo r  subduction, even though the convergence 

apgle may have been small. 
t 
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