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ABSTRACT 

Marine geophysical and geological data delineate the l a t e  Cenozoic 
structure and tectonic history of the northern Gulf of Alaska continental 
mrgin, end indicate that part of the mrgin, the Yakutat block, is an 
allochthonous terrane that has moved with the Pacific p la te  for at'least the 
last 5 m y .  The block is currently colliding with and subducting beneath 
southern Alaska. 

The Yakutat block is bounded anshare by the Fairweather Fault and the 
Chugach-Saint Elies fault system, and offshore by the Queen Charlotte fault 
system, by Kayak l s land and its offshore structural extension, and by the 
Transition fault a t  the base of the continental slope f r a n  Cross Sound to 
Kayak Island. Magnetic and structural  data indicate that the block is 
subducting at Kayak Island, and continues west of Kayak l s land t o  a t  least the 
Kenai Peninsula in the lower, subducted plate .  A recently recognized Benioff 
zone, the  Wrangell Benioff zone, also indicates the block is subducting 
beneath the Chugach and Saint EIias mountains. 

Basement rocks of the block consist of Paleocene(?) end early Eocene, 
probable oceanic basalt west of e b a s m n t  high, the Dangerous River zone, and 
a Mesozoic flysch and melange sequence t o  the east. The oceanic basenent i s  
overlain by up to 5 lan of Paleogene strata that onlap and are truncated along 
the Dangerous River  zone and a t  the continental slope. The Dangerous River 
zone is probably a paleoslope that marks the Paleogene basin edge. The t h i c k  
Paleogene basin of the block indicates that i t  was adjacent to a large source 
area, probably a continental mrgin, during the Paleogene. The Paleogene 
strata, and basement rocks east of the Dangerous River zone are in turn 
overlain by up by 5 ia of late  Miocene and younger glaciamerine strata. 

Offshore strata of the Yakutat block are deformed by u p l i f t  of a 
structural  high underlying Fairweather Ground, and by n m r o u s  broad 
anticlines and synclines between Icy Bay and Kayak Is land.  Otherwise, the 
block is characterized by regional subsidence. The fold and thrust belt 
within the Yakutat block reflects the seaward propagation of thrust faults 
during Pliocene and maternary time w i t h i n  the sedimentary sequence covering 
the block. This defomtion is occurring in the region of m a x i m  convergence 
between the Yakutat block and southern Alaska. 

The Transition fault is a m j o r  tectonic boundary that has been inactive 
during Pliocene and Quaternary time. Strata of that age are undeformed over 
the fault, and Pliocene and younger fans at the base of the slope have not 
been offset f r an  the ir  probable source areas. There is no connection between 
the Transition f au l t  and the Queen Charlotte fault of the adjacent transform 
margin. Therefore, the Yakutat block has moved with the Pacific plate for at 
least the last 5 rn-y. 

Prior to Pliocene time, the Transition fau l t  was an active tectonic 
boundary along which Oligocene oceanic basement was juxtaposed against 
Mesozoic end Paleogene rocks of the Yakutat block, and which truncated the 
Paleogene basin of the block. Tectonisn caused no mjor d e f o m t  ion or 
accretion along the margin, and did not disrupt or subduct a thick pre- 
Pliocene sedimentary wedge at the base of the slope. 



The Yakutat block collision with southern Alaska provides exanples of 
tectonic processes that can occur during microplate collision and accretion. 
These include: the subduction of thick, low densi ty  crust of the block, with 
only a narrow zone of deformtion marking the s~rbduct ion zone; a possible 
correlation of m u n t a i n  b u i l d i n g  with collision of continental crust; extrene 
end mgnbers of accretion and subduction within a short distance along the 
collision zone; and a possible latest Pleistocene to Holocene s h i f t  i n  the 
subduction zone outboard of the Yakutat block. 

The identification of the Yakutat block as an allochthonous terrane 
indicates that North Pmerica-Pacif ic plate motion has been accmdated by a 
canbination of crustal shortening and subduction of at  least 300 km of ocean 
plate  or Yakutat block terrane beneath southern Alaska. Major faul t s  or 
subduction/collision sutures must be present onshore along which subduction 
has occurred. Microfaunal assemblages and tectonic models suggest that the 
Yakutat block may have moved with the  Pacific plate  for m s t  of the la te  
Cenozoi e, 

In the northern Gulf of Alaska ,  the Pacific-North Pmerica plate boundary 
changes frcm t r a n s f o n  m t i o n  along the Queen Charlotte and Fairweather faults 
t o  convergent motion a t  the Aleut ian Trench. Also, a mjor orogeny has 
uplifted the high (to 6098 m) Chugach and Saint E l i a s  mountains that rim the 
northern Gulf of Alaska margin. A recently recognized tectonostratigraphic 
terrane, the Yakutat block (Fig. 11, is a central e l m n t  i n  both of these 
tectonic events. The block is currently  mving with the Paci f ic  plate and 
colliding with southern Alaska, and the northern m r g i n  of the block forms the 
current Pacific-North h w r i c a  plate  boundary. Knowledge of the structure, 
geology, and tectonic history of the Yakutat block is therefore inportant for 
determining both the Cenozoic evolution of southern Alaska, and how Pacific- 
North p la te  mtion has been accamdated within the transformto-convergent 
mrgin transition. 

The Yakutat block is in part def ined  by mjor faults of southern 
Alaska. The present Pacific-NorthPmerica pla te  boundary lies along the Queen 
Charlotte-Fairweather end the Chugachesaint Elias thrust fault s y s t m  (Fig. 
1 )  as denonstrated by abundant seisnicity on these fault s y s t m  (Tarr and 
Martin, 1912; Sykes, 1971; Thatcher and P la fker ,  1977; McCann and others, 
1980; Davies and House, 1979; Lahr and others, 1979, 1980; Lahr and Plafker ,  
1980; Perez and Jacob, 1 9 8 0 )  and by measured Holocene of fse ts  and rates on the 
Fairweather Fault (Plafker and others, 1977, 1978b). The segment of the 
continental mrgin seaward of these faults, termed the Yakutat block by Rogers 
(1977), is currently m v i n g  with the Paci f ic  p late  (Plafker end others, 1978b; 
Perez and Jacob, 1980; Lahr and Plafker, 1980).  However, currently recognized 
offset on these faults, and on other mjor strike-slip faults of southern 
Alaska including t h e  Denali, Totschunda, and Duke River  fau l t s  (Fig. 11, is 
only about 10 km in post-llliocene time (Reed and Lanphere, 1974; Plafker and 
others, 19778, 1978b; Lanphere, 1978) .  This offset is only a m l l  part of 
the approxirrvltely 300 !un of Pliocene and Quaternary Pacific-North Pmerica 
convergence required by p la te  tectonic models (Minster and Jordan,  1978; 
Chase, 1978; Engebretson, 1982). 

Has this convergence been accmdated offshore, possibly by transform 



Figure 1. Tectonic setting of northern Gulf of Alaska showing mgnet ic 
a n m I i e s  and m j o r  structural features. Stippled area shows extent of 
Ystkutat block, Slope magnetic ancmly shows south edge of subducted part 
of block, S m l I  x ' s  indicate where basalt has been dredged fram the  
continental slope; ages f r m  Plafker et  a l ,  (1980).  Large e r r &  indicates 
current Pacific-North Amrica  relative convergence vector (Minster and 
Jordan, 1978).  CS-Cross Sound; GFalrweather  Ground; IB-Icy Bey; K1- 
Kayak Island; PWS-Prince William Sound; Y5-Yakutat Bay. 



faulting or oblique subduction along the Transition fault  e t  the base of the 
continental slope? Offshore studies have found l i t t l e  evidence that such 
motion has occurred (Bruns, 1979; 1982, 19838, 1983b; Yon Huene and others, 
1979; Bruns and Schwab, 1983).  These s tudies  end others (Schwab and others, 
1980; Keller and others, 1983, 1984) have instead proposed that the Yakutat 
block is an allochthonous terrane that has moved with the Paci f ic  plate for 
much of the late Cenozoic. These studies have d i f f e r e d  greatly on the 
d e f i n i t i o n  of the offshore Yakutat block boundaries, the degree to'which the 
block is coupled to the Pacific pla te ,  and the length of time that the black 
has moved with t h e  Pacific p l a t e .  

b r i n e  geophysical and geologicel data presented i n  t h i s  paper ere used 
to delineate the offshore boundaries, structure, and tectonics of the Yakutat 
block end the adjacent continental mrgin segments, end to provide constraints 
on the motion h i s tory  of the block. Interpretations of these data show that 
t h e  Yakutat block i s  bounded offshore by t h e  extension of the Fsiweather  
Fault into the Queen Charlotte feul t  system, by Keyak lslend and its sutmarine 
s tructural  extension, the Kayak zone, and by the Transition f eu l t  at the base 
of the continental slope (Fig.  1). These date  also indicate that the 
Transit ion fault has been an inact ive tectonic feature for at l eas t  the last 5 
m.y. (Pliocene end Quaternary t ime) .  Therefore, the Yekutet block is an 
allochthonous terrane that has moved w i t h  the Pacific plate  for that time. At 
l ea s t  300 kn of Pliocene and Quaternary Pacific-North America convergence has 
been eccanodated by e canbination of crustal shortening in the Chugach-Saint 
El ias  range, and by subduction of oceanic crust or Yakutat block terrane 
beneath southern Alaska. 

The goals of this paper are three-fold: first, t o  describe the structure, 
geology, and geologic h i s t o r y  of the northern Gulf of Alaska continental 
margin in order to define the Yakutet block; second, to delineate the Pliocene 
and Quaternary mvanent his tory  of the Yakutat block; and third, to establish 
constraints on the pre-Pliocene geologic and tectonic h i s t o r y  of the block. 
In t h i s  paper, m s t  consideration is given to the Pliocene and Quaternary 
t e c t o n i c s  of the block, since the marine geophysical data primari ly  provide 
control on the str'uctural deve lopnt  of the  block during that time. I a lso 
canpare the  pre-Pliocene constraints with two speculative plate tectonic 
mdels that  have been proposed for the Cenozoic origin and r m v m n t  history of 
the Yakutat block. 

The present tectonic regime in t h e  northern Gulf of Alaska involves three 
types of p l a t e  boundaries (F ig .  1; Atwater, 1970; Richter and Matson, 1971; 
Gawthrop end others, 1973; Rogers, 1977;  Plafker and others, 1978b; Von Huene 
and others, 1979; Bruns, 1979; Perez and Jacob, 1980): (1) a transform m r g i n  
extending f r m D i x o n  Entrance to about Cross Sound; (2) a convergent margin 
extending frcm about Kayak Island southwest along the Aleutian Trench, and ( 3 )  
a transition margin between the two, frun Cross  Sound t o  Kayak I s l a n d .  

The modern pla te  boundaries are defined moderately well, end isolate the 
Yakutat block frcm southern Alaska. The current t r a n s f o m m r g i n  is defined 
by hi s tor i ca l  large earthquakes, offshore geophysical data, and onshore 
geology as lying along t h e  Queen Charlotte fault end the onshore Fairweather 
Fault (Tobin and Sykes, 1968; Page, 1973; Kanimori, 1977; Von Huene and 



others, 1979; Plafker and others, 1978b; Lehr and Plefker, 1980; Carlson and 
others, 1979, 1981, and in press). Plafker and others (1978b) s h w e d  that the 
Fairweather Fault has taken up t h e  major portion of Pacific-North Amrica 
motion fo r  at  least  the la s t  1000 years. Gecmrphic evidence fr a n  of*set 
stream drainages shws a total of 5.5 l m ~  of offset along t h e  fau l t ,  end t h i s  
motion could have occurred w i t h i n  t h e  la s t  100,000 years. The offshore 
extension of the Fairweather fault has 'been traced across the continental 
slope and upper she1 f along s o u t h e a s t  Alaske on the  basis of offsets of the  
seafloor and d i s r u p t i o n  of seisnic reflectors on marine seisnic reflection 
data (Von Huene and others, 1979; Carlson and others, 1979, 1981, i n  press; 
Bruns,  19811. 

The current convergent m r g i n  can be similarily w e l l  defined along the  
Alaskan Peninsula-Kodiak Is land regions. Along t h e  western m r g i n ,  the 1964 
Great Alaska earthquake and a well defined Benioff zone indicate relative 
convergence and subduction of the Pac i f ic  p la te  beneath the North Pmerica 
p l a t e  along the  Aleutians and the Alaske Peninsula about as far north es Kayak 
Is land ( P l a f k e r ,  1969; Lahr, 1975;  Devies and House, 1979; Perez and Jacob, 
1980) .  The topographic expression of t h e  Aleutian Trench (Atwood and others, 
1981) and the associated, well defined A l e u t i a n  Benioff zone (Lahr, 1975; Lahs 
and Plafker ,  1980; Perez and Jacob, 1980)  d i e  out near Kayak Island. 

The c u r r e n t  connection between the transform and convergent p la te  
boundaries l ies  along the  Chugach-Saint E l i a s  t h r u s t  fau l t  systen (Lehr and 
P la fker ,  1980; Perez and Jacob, 1980) and crosses the continental s h e l f  and 
slope along Kayak Is land and i t s  offshore extension (Bruns, 1979, 1983b; Bruns 
and Schwab, 1983; Lahr and Plafker, 1980).  The north end of t h e  Fairweather 
feu1 t merges with the Chugach-Saint Eliss fau l t  near Yakutet Bay, and the 
f a u l t  extends westward to  about Kayak i s l a n d  where i t  joins the Ragged 
Mountain and Wingham Island feu1 ts (Fig. 1). 

The Chugach-Sein t El ies feu]  t is a f u n d m n t a l  boundary separat ing mi n ly  
Mesozoic end lower Tertiary metasedirnents, metavolcanics ,  c r y s t a l l i n e  r o c k s ,  
end younger intrusives on the north f r m  mostly middle end upper Cenozoic 
sedimentary rocks on t h e  south. The younger s t ra ta  are t h r u s t  relatively 
against and beneath t h e  older ,  more ccrrpetant rocks north of the fault, 
resulting in nmrous ,  se imical ly  ac t ive  t h r u s t  and reverse fau l t s  between 
Icy Bay and Kayak Island, and on Kayak Island (Stoneley, 1967; Plafker, 1967, 
1971, 1974, Winkler and PEafker, 1981a). 

The transition bundary i s  also associated with a recently recognized 
Benioff zone, the Wrangell Benioff zone, that is nearly horizontal north of 
the Chugach-Saint Elias f au l t  and reaches a depth of at least  85 km beneath 
t h e m i n l y  Pleistocene Wrangell volcanic field of southern Alaska. The 
Wrangell Benioff zone has not been previously identified, because i t  is 
charac ter i zed  by en order of megnitude less seimicity than is seen in the 
Aleut ian  Benioff zone t o  the west  (Stephens end others, 1983, 1984). 

An understanding of how late Cenozoic Pacific-North h r i c a  pla te  motion 
has been accamodated i n  the  northern Gulf of Alaska, and of the evolution of 
t h e  modern plate  boundaries is in part dependant on delineating t h e  tectonic 
history of the Yakutat block, The WrangeII Benioff zone and the Wrangel1 
volcanic f i e l d  could be due to subduction of the Pacific plate  beneath t h e  
Yakutat  block along the  continental mrgin. Alternatively, these features 



could arise frcm subduction of t h e  northern part of the Yekutat block, or of 
oceanic crust ahead of the Yakutet block, along the Chugach-Saint Elias f e u l t  
as the block advances northward with the Pac i f i c  p la t e .  

Known offset on theFairweather fault favors the first premise. Plefker 
end others (1978b) f i n d  only about 5 . 5  km of offset along the ~ a i h e e t h e r  
f e u l t  based on geanorphic evidence of offset strem drainages. They assvne 
that the mountains into which these drainages have been incised have been in 
place since about middle Miocene time, and therefore that the  total  post- 
middle Miocene offset along the fault is 5.5 Ian. K n m  offset on other major 
f a u l t  sy s tms  of southern Alaska,  such as the Densli and Totschunda fau l t s  is 
a l so  mil, less than about 10 km (Reed and Lenphere, 1974; Plefker and 
others, 1977a, 1978b; Lanphere, 1978). Therefore, Plafker and others (1978b) 
suggest that most of  l a t e  Cenozoic Pacific-North America plate  motion has been 
a c c m d a t e d  along the Transition fau l t  at the base of the continental slope 
between Cross Sound and Kayak I s l a n d .  In t h i s  case, the Yakutet block would 
be underthrust by the Pacific plate .  

An alternate  prmise presented in this study is that the Yakutat block is 
an allochthonous terrane that is moving with the Pacific plate, col l iding 
with, and subducting beneath southern Alaska. In the next several sections, I 
u t i l i z e  an extensive set of marine geophysical and geological deta to def ine  
the boundaries, structure, and tectonic history of the  Yakutet blbck, and 
canpare the block with the adjacent transfoxm and convergent mergins. 

This study i s  based on interpretation of about 7000 kn of rmltichannel 
seisnic reflection data collected by the U. S. Geological Survey since 1974 
(Fig .  2 ) .  The multichannel deta include 24- and 48-fold data acquired in 1975 
frun the Geophysical Services Inc. vessel M/V Cecil H. Green under contract to 
the U.S. Geologicel Survey (Bruns end Beyer, 1977), and 2 4 - f o l d  data ecqui red 
i n  1977 and 1978 frun the U. S. Geological Survey research vessel R/V S. P. 
Lee. - 

The seisnic s y s t m  on the M/V Green consisted of a tuned array of 22  
airguns w i t h  a totel capacity of 1 9 . 6  liters (1200 cu. in.), e 2400 rn, 48- 
group s t r e m r ,  and DSF IV digital recording instrwnts. These data were 
processed by Petty-Ray Geophysical Division of Geosource Inc., Houston, Texas 
(Bruns and Bayer, 1977). The seisnic s y s t m  on the R/V Lee cons i s ted  of a - 
tuned array of 5 airguns with s capacity of 21.7 liters (1326 cu. i n . ) ,  a 
2400 m, 24-group streaner, and OUS 4300 d i g i t a l  recording i n s t r w n t s .  These 
data were processed by the U.S. Geological Survey in Menlo Park, California. 
I n  all surveys, navigation was by means of en integrated satellite, Loran C,  
and doppler sonar navigation systm. 

Data coverage fran Dixon Entrance to Icy Bey is reconnaissance only, with 
l ine spacings of about 25 t o  50 lan (Fig. 2 ) .  Line spacing west of Icy Bay is 
around 10 km. Single channel seimic data (von Huene and others, 1975) 
prov id e  structural information i n  areas of ccrrplex structure west of icy Bay, 
and between scme of the widely spaced multichannel lines t o  the east.  

The interpretation of structure and geologic history fran the 
mu1 t ichennel seimi c data is based on mapping of sei anic horizons throughout 



Figure 2. Tracklines of m l t i c h a n n e l  seismic data i n  t h e  northern Gulf of 
Alaska. 



the data grid. A curve giving time-to-depth conversion for sedimentary strata 
on the seisnic data is derived f r u n  refraction date and stacking velocities 
obtained during processing of the multichannel seisnic reflection data. TheZ 
time-to-depth conversion is approximately given by the curve z = O.7t + 0.3t 
- 0 . 0 2 t 3 ,  where z is the depth i n  kilmters and t is the two-way travel time 
in seconds frm thewster-bottm. lnterpretationmthods, deriva'tion, end 
error l i m i t s  of the depth conversion function are discussed in Bruns (5979, 
1982, 1983b) and Bruns and Schwsb (1983). 

Bathymetric, gravity, and magnetic data were acquired during these and 
other cruises; these data were processed by the U.S. Geological Survey in 
Menlo Park, California and are presented in Schwab and Bruns (1979), Schwab 
and others, 1980), Burkhard and others (1980a,  b ) ,  Atwood and others (1981), 
and Bruns and others (1981a, b ) .  Three dredging cruises in 1977, 1978, and 
1979 obtained rock smples frm the continental slope; geologic data and 
interpretations frm the dredged rocks are presented by Plafker and others 
(1978c, 1979c, end 1980) ,  Rau (1979, 1981), and Keller and others (1983,  1984) 

I f  t h e  Yakutat block has moved w i t h  the Pacific pla te  during Pliocene end 
Quaternary tim, then the structure and tectonics of southeast Alaska are 
important for two major reasons. First, where are faults along which t h i s  
mtion could  be acc-dated? I f  only l i m i t e d  mtion has occurred on the 
currently active Queen Charlotte f e u l t ,  as suggested by recognized motion on 
the connecting Fairweather Fault, then there should be other areas, e i t h e r  
landward or seaward of the Queen Charlotte f eu l t ,  along which motion can be 
accanodated. Second, is there any connection between the ac t i ve  Queen 
Charlotte fault and the Transition fault that could jndicate Pliocene and 
Quaternarymtion along t h e T r a n s i t i o n  fault? If such a connection e x i s t s ,  
then there should be deformstion in the vicinity of Cross Sound and Yakobi 
Val ley  related to the almst 45' change in fault trends. Alternatively, a 
fault at the  base of the continental slope could bypass this area end join 
with the Transition fault west of Yakobi Valley.  

Geol ogy 

The i s lands  of southeast Alaska ere underlain by a diverse ass-ledge of 
Mesozoic and Peleozoic rocks that ccnprise parts or all of at least nine fault 
bounded tectonostratigraphic terrenes (Berg and others, 1978). Cenozoic 
tectonic sctivity in the region includes Cenozoic intrusion, t h e m 1  
rnetanorphim, local deposition of volcanic and sedimentary rocks, and f au l t ing  
which has redistributed the Mesozoic and Paleozoic terrenes along mejor f a u l t  
zones such as the Chathm Strait fault (Berg, 1979). 

The offshore geology of the southeast Alaska continental mrgin is 
largely u n k n w ,  and cen be inferred only frcm l i m i t e d  geophysical data (Bruns 
and P la fker ,  1982). Seismic reflection data shows acoustic b a s m n t  near the 
seafloor over much of the continental shelf; rocks forming the acoustic 
besgnent are likely to be the continuation of the Paleozoic and Mesozoic rocks 
of the  nearby islands. On seisnic reflection records, a sedimentary section 
up to 2 !am t h i c k ,  of probable l a t e  Cenozoic age, loca l ly  overlies acoustic 
basement i n  the midd le  to  outer shelf regions (von Huene and others, 1979; 
T.R. Bruns, unpublished data). 



The southeast Alaska continental  rmrgin i s  a tectonically truncated 
margin. The Mesozoic and Paleozoic rocks that are present on the islands and 
beneath the continental shelf can extend no further  seaward than the base of 
the continental slope, since oceanic crust of about Miocene age underlies the 
adjacent continental rise (Neugler and Wageman, 1973). Thus, the Queen 
Charlotte f a u l t  m r k s  the  edge of crys ta l l ine  continental crust and f o m  e 
fundamental tectonic boundary along southeast Alaska. 

The Queen Charlotte fault  

The Queen Charlotte fau l t  off  southeast Alaska has been mapped by von 
Huene and o t h e r s  (1979)  and Cerlson and o t h e r s  (1979,  1981, i n  press) on the 
basis of offset r e f l e c t o r s  and seafloor scarps in areas where detailed 
bathymetry and single-channel seisnic-reflection data are available.  The 
seisnic data show evidence for two f a u l t  t r a c e s  about 10  lan apart between 
Cross Sound on the north  to C h a t h e m s t r a i t  on the south (Fig. 3 ) .  Between 
Chatham Strait and Cross Sound, the eastern fault trace is located on the 
shelf; this trace cuts across the shelf beneath the Yakobi Valley and trends  
into the onshore Fairweather Fault. The western trace i s  located along or 
near the shelf break between Chatham Strait and Cross Sound, and trends across 
the shelf into a f a u l t ,  the  i cy  Point-Lituya Bey fault, that lies just 
offshore of the coastline between icy  Point and Lituya Bay (Plafker, 1967; von 
Huene and others, 1979; Carlson and others, 1979, 1981, in press; Bruns, 
1983b). 

Of the two traces, the western trace may be the more active. The western 
fault trace is the best def ined  and shows the most evidence for Holocene 
displacmnt, as indicated by seafloor scarps and disruption of well def ined  
seismic reflectors. The eastern trace is more discontinuous and sinuous. The 
seisnic reflect ion data thus suggest that the western trace is r e l a t i v e l y  more 
active than the eastern trace, although the  eastern trace is the one that 
trends into the p r e s e n t l y  ac t ive  onshore Fairweather Faul t  (Carlson and 
others, 1979, 1981, in press). 

Near Chatham Stra i  t, the two fault traces merge, and the r m i n i n g  trace, 
as mapped on single channel records (von Huene and others, 1979) and on widely 
spaced multichannel seismic lines, trends along the upper slope f r a n  Chatham 
S t r a i t  t o D i x o n  Entrance (Fig. 3 ;  Bruns, 1981; Bruns and o t h e r s ,  1981; Cerlson 
and others, 1981; %runs and P l a f k e r ,  1982) .  

This carplex fault s y s t m  is nanr acccmodating the r e l a t i v e  motion between 
the Pacific and North Amrjca plates,  based on observed seisnicity along the 
fau l t  (Page, 1969, 1975) ,  on 5 t o  6 d y r  of Holocene offset on the connecting 
Fairweather f a u l t  (Plafker and o t h e r s ,  1978b), and on the structure observed 
along the fault (yon Huene and o t h e r s ,  1979;  Carlson and others, 1979, 1981, 
i n  press; Bruns, 1981) .  

The anount and rate of displacement along these fau l t  traces and the age 
of rocks cut by the f a u l t s  are unkncrrvn. However, there are several 
indications of late Pleistocene and Holocene motion. Yakobi Valley is a 
glacially carved seavalley seaward of Cross Sound and the Queen Charlotte 
faul t. The glacier carv ing  the valley f 1 owed through Cross Sound and across 
the Queen Charlotte fault traces (Fig. 3 ;  Carlson and others, 1982).  Detailed 
b s t h y m t r y  of Yakobi Valley shows displacgnent of about 300 to 400 m of the 





southeast wall of the val ley along the fault traces. This offset probably 
reflects Holocene displacanent along the fault  that has occurred since retreat 
of the glacier that carved the valley (Von Huene and others, 1979; Carlson and 
others, 1979, 1981, 1982, i n  press;  Atwood and others, 1981). Atwood and 
others (1981) and Cerlson and others (1982) note that the boxlike shape of 
Yakobi Valley m y  result frun a carbination o f  glacial erosion end 
displacerent along the Queen Charlotte fault, with the northwest wall of the 
glacial va l l ey  s y s t e m t i c a l l y  offset to the northwest. 

Atwood end others (1981) also note a valley-like depression on t h e  
continental s h e l f  between Cross Sound and Lituya Bay that is similar in form 
to Yakobi Valley. They suggest that th is  depression could be a 
northwestwerdly offset, ancestral Yakobi Valley. 

I f  the mrphology of both this depression and Yakobi Valley is fault 
controlled, offset could  be about 20 km for Yakobi Valley, and about 70 kn for  
the depression, largely during late maternary time (Carlson and others, in 
press). At present, known post-late Miocene displacemnt on the connecting, 
onshore Fairweather Fault is about 5 .5  kn (Plafker end others,  1978b). This 
observetion raises the possibility that m s t  of Pliocene and Boaternary m t i o n  
elong the Queen Charlotte fault has been taken up on the western rmpped trace 
and its probable northern extension elong the icy Point-Lituye Bey faul t .  The 
Icy Point-Lituya Bay fault could be a m j o r  transform fault. 

Faulting landward of the meen Charlotte fault 

Lendward of the Queen Charlotte fault, late Cenozoic plate motion could 
have been acccmodated slong several faults. Southeast Alaska contains 
nlmerous faults with a ccnpliceted, poorly known mvanent history. At least 
two of these faults, the Chatham Strait end Peril Strait faults (Fig. 31, have 
histories of postCretaceous mvement. Right-lateral offset on the Chatham 
Strait fault is about 150 Iun during past rniddle€retacesus and pre-Holocene 
time, and about 100 kn of this offset m y  have occurred during post+ligocene 
ti-,  based on offset of an Oligocene volcanic sequence (Hudson end others, 
1982). The Peril Strait fault has about 11 h of right-lateral separation 
since t h e  late Cretaceous (Plefker  and others, 1976). These faults or fault 
systens could therefore accanodate part, but only e mll part, of Cenozoic 
Paci flc-North knerica p l a t e  mtion. 

Faulting seaward of the Queen Charlotte fault 

Seaward of the ween Charlotte fault, the age and structure of 
sedimentary strata show that no mjor transform faulting has occurred during 
st least Pliocene and younger time. Seimnic reflection data (Fig. 3) show a 
sedimentary section a t  least 3 to 5 kn thick beneath the continental slope and 
e t  the base of the slope. Gravity modeling and refraction data indicate  t h i s  
section could be as mch as 10 h thick Iron Huene end others, 1979). This 
sedimentary section i s  of late Cenozoic age, largely Pliocene and younger, 
b s e d  on the Miocene age o f  adjacent oceanic rmgnetic anormlies (Naugler and 
W a g a n ,  1973) and on a c o r r e l a t i o n  of seismic reflectors on mltichennel 
seismic data to Deep Sea Drilling Project (DSDP) hole 178 (Von Huene end 
others, 1979; Bruns, 1983b; and T.R. Bruns, unpublished data). 

Deformtion of these strata is probably due to wrench tectonics slong the 



Queen Charlot te  fault (Bruns, 1981; Bruns end others, 1981). FrunDixon 
Entrance to Chatham S t r a i t ,  these s trata  are deformed i n t o  broad folds, lying 
roughly in two zones, with eastward dipping  thrust  f a u l t s  on the seaward side 
(Fig.  3;  also see Snavely and others, 1981). The western f o l d s  are young 
features,  affect ing even the youngest sedimentary s trata ,  and ere likely 
Quaternary features. The eastern f o l d s  are in pert covered by up to 0.5 h of 
u n d e f o m d  strate, are therefore older than the western folds,  and are perheps 
Pliocene or early Pleistocene in age. Limited b a t h p t r i c  deta (Chase and 
others, 1970; Seemen and T i f f i n ,  1980) suggests that ,  w i t h i n  each structural 
zone, individual structures form an en-echelon pattern; such e pattern is 
typical  of deformation in  a strike-slip tectonic setting (Harding and Lowell, 
1979), and p r i m r i l y  reflects wrench tectonics re su l t ing  from motion along the 
Queen C h a r l o t t e  fau l t  (Bruns, 1981; Bruns and o t h e r s ,  1981; Snavely and 
others, 1981). 

The degree of d e f o m t i o n  i n  each of the structural zones decreases to 
the north. Between Chathamstrait end Sitka, only minor deformation of  the 
slope section is seen on the seisnic records (Fig .  3; l i n e  957), and between 
S i t k a  and Cross Sound, strata seaward of the Queen Charlotte fault trace are 
undefomed (F ig .  3 ,  l i n e  959).  Thus, north of Sitke, there is no evidence 
seaward of t h e  shelf' break for any transform fau l t .  Faulting could be present 
in t h e  very lowermost part of the section where t h e  structure i s  obscured by 
the water-bottan multiple. I f  faulting is present, it  occurred p'rior t o  
Pliocene time, based on the probable age of the undeformed st ra ta .  

Tectonic implications 

The southeast Alaska mrgin shows no defomation in the vicinity of 
Yakobi Valley that  might be associated with a Pliocene or Quaternary 
connection between the Transition fau l t  and the Queen Charlotte fault. There 
is also no evidence for a throughgoing Pliocene or Quaternary s t r i k e - s l i p  
f au l t  along the slope or a t  t h e  base of the slope that could connect w i t h  the 
Transition fault  west of Yakobi Valley, t h u s  providing a seaward bypass t o  the 
45' bend at Yakobi Valley. Pliocene and Quaternary offset between the Pacific 
plate  and southeast Alaska must be taken up l a r g e l y  an the mapped Queen 
Charlotte fault t t a c e s ,  or on f a u l t s  landward. 

Much of this motion must have occurred on the Queen Charlotte fault. 
Known offset on the Chatham Strait and Peril Strait faults indicates that 
these faults can acccmodete only part of Pliocene and Quaternary offset, about 
100 h and 11 l o n m a x i m ~  respectively, during post4ligocene time. This 
offset is still much less than the 300 Ian required by p la te  tectonic models 
for Pliocene and Quaternary t ime .  The remainder of t h i s  motion must  be 
a c c m d a t e d  either on u n k n m  faults  or on the Queen Charlotte f au l t  systm. 

Hwever,  the Queen C h a r l o t t e  f a u l t  a l s o  marks the edge of the crystalline 
continental crust. Gravi ty  mdels and r e f r a c t i o n  data (Von Huene and others, 
1979) across the margin indicate the slope seaward of the Queen Charlotte 
fault is underlain by a sedimentary sequence up to  10 laTl thick. The neerest 
correlative age rocks to those truncated at the margin are in southern Alaska, 
and possibly in the Yakutat block. Therefore, the truncation of the 
continental crust and of the Chatham S t r a i t  fault indicates that substant ia l ,  
rather then limited, offset must have occurred along the Queen Charlotte 
faul t .  



The fault lying near the shoreline frun Icy Point t o  Lituya Bey might  
have taken up at least  part, and perhapsmuch of thismotion. Definitive data 
are  lacking to prove this suggestion. Hmever, at  icy Point, the Queen 
Charlotte fault system connects with both the onshore Fairweether fault and 
the Icy Point-Lituytl Bay fault. Either greater late Cenozoic motion has 
occurred along the Fairweether f au l t  than is so far recognized, or motion must 
be accomodated along the Icy Point-Lituya Bay fault. This fault could be both 
a major late Cenozoic, but currently inactive, transform fault, end a major 
tectonic boundary w i t h i n  the Yakutat block. 

This section describes structural interpretations of geologic and 
geophysical data f r m  the Yakutat block that establish the offshore boundaries 
of the block and define constraints on tectonic processes that have affected 
the block during the Cenozoic. I f  late Cenozoic plate convergence has been 
accanodated offshore within or along the Yakutat block, then there should be 
observable effects in the  structure and geologic history of the block. 

The tectonic history of the continental rmrgin presented here indicates  
oblique subduction or transform faulting has not occurred on the Transition 
fault during Pliocene and Quaternary time. Instead, the Yakutat block has 
mved with the Pacific plate for at least that time end has been colliding 
with and suWucting beneath southern Alaska .  The structure of the block also 
shows that d e f o r m t i o n  related to the collision of the block with southern 
Alaska primari ly  happens along the  northwestern margin of the block where the 
mximun r a t e  of convergence between the  Yakutet block end southern Alaska 
occurs. 

The s t r u c t u r e  of the Yakutet block (Fig. 4) divides i t  into two segments, 
the Yakutat and Yakataga segments, that are characterized by markedly 
differing structural styles (Bruns, 1983b; Bruns and Schwab, 1983). The 
Yakutet segment includes that part of the margin seaward of the Fairweather- 
Queen Charlotte fault f r m  about Cross Sound t o  Icy Bay. This segment has 
undergone 1 i t tle d e f o m t  ion during the l a t e  Cenozoic, and is characterized 
pr imar i ly  by regional subsidence. The Yakatsga segment is themarg in  segment 
between i cy  Bey and Kayak Is land,  and is characterized by broad folds and 
associated thrust fau l t s  that trend northeast across the shelf and slope. 
These folds were termed the P q l o n a  zone by Plafker and others (1978b). 

In this section I first slmnarize the geology and onshore structure, then 
discuss t h e  structure of the Yekutat and Yakataga segments as s h m  by 
multichannel seismic reflection data. Finally, I present magnetic end g r a v i t y  
data end models to further delineate the extent of the block and the character 
of the Transition fault which foms the southern boundary of the block. 

Onshore geology and structure 

Rocks of Paleozoic through Cenozoic age underlie southern Alaska end fom 
fault-bounded tectonostratigraphic terranes (Fig. 5; Jones and others, 1977,  
1981; Coney and others, 1 9 8 0 ) .  North of the Yakutat block, the upper 
Paleozoic and lwer Mesozoic Wrangellia terrane is separated f r m  upper 
Cretaceous flysch and melange of the Chugach terrane along the Border Ranges 
f a u l t .  The Chugach terrsne is a Cretaceous eccretionary wedge that is present 
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in an arcuate belt throughout the Gulf of Alaska (Plafker end others, 1977; 
Plafker  andCmpbe l l ,  1979; Nilsen and Z u f f a ,  1982). In the area fran icy  Bay 
to Prince Willian Sound, the Chugach terrane is juxtaposed against Paleocene 
and Eocene(?) Orca Group rocks of the Prince W i l l i m  terrane along the Contact 
fault system (Winkler and P la fker ,  1975, 1981a; Piafker end others, 1977). 
F i n a l l y ,  the Orca Group rocks of the Prince W i l l i m  terrane, and the Chugach 
terrsne west of about Icy Bay are in turn juxtaposed against Mesozoic and 
Cenozoic rocks of the Yakutat block along the Chugach-Saint Elias and 
Fairweather fault systens.  Thus, each of t h e m j o r  f a u l t  systens is a 
f u n d m n t a l  tectonic boundary separating rocks of different ages and tectonic 
env i romn t s . 
Geol ogy 

The geology and structure of the onshore rocks bordering the northern 
Gulf of Alaska is described by Miller (1951, 1957, 1967a, b, c ,  d ,  e, 1971, 
19751,  Miller end others ( 1 9 5 9 ) ,  Plafker and Miller (19571, Stoneley (1967) ,  
Plefker (1967, 1971, 1974),  Pla fker  and Addicott (19761, Reu and others 
(1977), Addicott and others (1978) ,  and Winkler and Plafker (1981a). The 
following s m r y  is taken fran these reports. 

Much of the onshore area is covered by glaciers and Quaternary alluvial, 
lacustrine, and beach deposi ts ,  particularly between Lituya Bay and Yakutat 
Bay, and in the areas of the Malaspina and Bering glaciers. The subsurface 
geology in these covered areas is known only frcm exploratory wells, end is 
reported i n  Rau and others (1977). 

PreCenozoic rocks of the Yakutat block outcrop adjacent to  the 
Fa i weat  her end Chugach-Sai n t El i as faul t s f r c m  Cross Sound to midway between 
Yakutat Bay end Icy Bay (Figs. 4 and 5). These rocks consist of Mesozoic 
f lysch  and melange of the Yakutat Group. The Yakutat Group rocks are also  
present beneath much of the onshore area between L i t u y a  Bay and Yakutat Bay, 
as they were serpled i n  several coreholes and wells [Rau and others, 1977) .  
The Yakutat Group is high ly  d e f o m d  end typically forms fault-bounded 
sl ices.  The deformed and faul ted sequence is cut by ear ly  Eocene granitic 
plutons, and in part  overlain with marked unconformity by Eocene shallow 
marine and continental strata (Plafker and others, 1977; Nilsen and others, in 
press). Zuffa and others (1980)  end Winkler and Plafker  (1981b) found that 
sandstones frun the Yakutat Group have a very different source area frun 
coeval sandstones of the Chugach terrane. Winkler and Plefker (1981b) further 
suggest that the Yakutat Group m y  have undergone substantial tectonic 
transport wi t h  respect t s the adjacent Chugach t errane rocks. 

Cenozoic sedimentary racks outcrop in an up to  10 h wide band along the 
shoreline near Lituya Bay and have been ssnpled in exploratory wells near 
Yakutat Bay and beneath the adjacent coastal  pla in  (Figs. 4 and 5). These 
strata also underlie an up t o  70 hn wide  area of the coastal munta ins  and 
f o o t h i l l s  fran about Yakutat Bay to the Ragged Mountain f e u l t .  West of the 
Ragged Mountain faul t ,  luwer Cenozoic rocks of the Orca Group (discussed 
later) underlie Prince William Sound and the Copper R i v e r  area. East of the 
Ragged Mountain F a u l t ,  the Cenozoic rocks consist of Eocene and younger 
continental and shelf facies s trata  of t h e  Gul f  of Alaska Tertiary Province 
(Miller and others, 1959; Stoneley, 1967; Plafker, 1967, 1971). These rocks 
are broadly d i v i s i b l e  into three subdivisions corresponding to  changes in the  



deposit ional  enviroment and tectonics of the basin. These subdivisions are: 

(1) A middle or late Eocene through early Oligocene clest ic  sequence 
includes shallow t o  deep marine rocks of the Stillwater Fonst ion,  which grade 
upnard into continental end shallow marine rocks of the Kulthieth Fomtion. 
The Kulthieth Fomtion is overlain by shallow marine rocks of the' lokun 
F o m t i o n .  The Kulthieth and Tokun fornutions were deposited as thick, 
interfingering lagoon, barr ier  beech, and delta ccmplexes i n  relat)vely warm 
seas. Thermximlm thickness of the Stillwater, K u l t h i e t h ,  andTokun 
f o m t i o n s  is about 1500 m, 2700 m, and 1000 m respectively. 

(2) Middle Oligocene through Miocene age rocks include the Topsy 
Fomtion and Cenotaph Volcanics near Lituya Bay and the Poul Creek F o m t i o n  
west of Yakutat Bay. The Cenotaph Volcanics and the Topsy Formation are an up 
t o  750 rn thick sequence of interfingering continental and marine volcanic and 
sedimentary rocks. The Poul Creek Formtion includes up to 1860 m of s h a l l o w  
to deep water merine strate that are ccrrposed of predominately shaley 
sediment, in pert organic rich, characterist ical ly  glauconitic, and 
intercalated with basal t ic  tuff, breccia, and pillaw lavas, 

( 3 )  A l a t e  Miocene and younger sequence up t o  5 thick cmprises the 
marineYakataga F o m t i o n .  The f o m t i o n  consists of interbedded siltstone, 
mudstone, and sandstone, which predaninate in the lower part of the section, 
and till-like d i m i c t i t e ,  which becms  the dominant rock type in the upper 
part of the f o m t i o n .  Conglanerate is present throughout the f o m t i o n .  
Clasts, probebly dropstones, are present i n  all lithologies. These clasts 
have been daninantly derived frm the bordering Chugach and Saint Elias 
mountains, and include a few percent w i t h  preserved glacial striations. 

The dropstones and dimictite are interpreted to represent glacimrine 
sedimentation and proximity to tidewater glaciers end ice rafting (Plafker and 
Addicott ,  1976). The deposition of the formation coincides with amarked drop 
in species diversity of mlluscan fauna, and the replacement of tanperate 
water fauna by cold water, high latitude species. The Yakataga F o m t i o n  
deposition thus corresponds to a marked cooling of the marine enviroment, and 
t h e  onset of glaciat ion in the adjacent mountains. 

The Yakataga F o m t i o n  provides inportant constraints on the tectonics of 
the Yakutat block. First, the Yakatage F o m t i o n  overlies the older rocks 
seaward of the Yakutat Group iron Lituya Bay to Icy Bay, and seaward of the 
Hope CreekCoal Glacier fault (Fig. 4 )  west of i cy  Bay. The f o m t i o n  thus  
links onshore and offshore strata at the beginning of Yakataga time. Second, 
deposition of the fomtion records initiation of a major late  Cenozoic 
orogeny that has uplifted the high Chugach and Saint Elias ranges. Third,  the 
Yakataga Formation requires that the Yekutat block be adjacent to these rising 
muntains. i f  theYakutat block is an allochthonous terrane, than the initial 
Yakstaga Fomvrtion deposition records the arrival and collision time of the 
block wi th southern Alaska. 

The age of the  l m e m s t  part o f  the Yakataga formation, st its contact 
with the Poul Creek F o m t i o n ,  is therefore extrgnely inportant in dating the 
timing of mjor tectonic events of southern Alaska .  Plafker and Addicott 
(1976) find that the oldest part of the section, on Kayak Island, is of early 
Miocene age, and on the mainland, t h e  base of the section i s  of about middle 



Miocene age. Their age assigrments ere prirmrily based on i d e n t i f i c a t i o n  and 
correlation of abundant molluscan faun8 and sparse benthic foraminifera frm 
the Yaks taga Format i on wi th fauna of Was hi ngt on and Oregon. 

Recent work on forminiferal biostratigraphy of the upper Poul Creek and 
1wer Yakataga F o m t i o n  on the meinland indicates, however, that the Paul 
Creek/Yakataga F o m t i o n  contact may be l a t e  Miocene (Lagoe, 1983; Amntrout, 
1983; A m n t r o u t  and others, 1978) instead of middle Miocene as sukested by 
the ml1uscen biostratigraphy. The Poul Creek F o m t i o n  at Yakataga Reef 
(Cape Yakataga, Fig. 4) consists of Oligocene end early Miocene strata, 
conformably overlain by late Miocene strata. The Poul Creek/Yaketaga 
Fomvltion contact, also conformeble, lies within the late Miocene 
formini  feral zone, and this zone extends upsec t ion  o n l y  about 100 m before 
reaching the Miocene/Pliocene boundary. Thus, et Cepe Yakatega, only the 
lavermost 100 m of the Yakataga Formation is of late Miocene age, and the 
tomation is dminantly of Pliocene and Quaternary age. Studies of other 
meinland sections indicate similar results for the Poul Creek/Yakatega 
Fomtion contact (Amentrout and others, 1978; Areay, 1978; Lagoe, 1978, 
1983) ,  although greater t h i c k n e s s e s  of the  Yakatega formation m y  be of late 
Miocene age, as for example in the Kul t h i e t h  Mountains (Plafker and Addicott, 
1976 1. 

A mjor control on the age of the lavermost Yakatega F o m t i b n  is the 
first occurrence of Neogloboquadrina Pachydem (sinistrally coiled) just 
below the Poul Creek/Yakatega Fomtion contact. This species indicates an 
age no older than l a t e  Miocene, since t h i s  species f i r s t  occurs at  about 8 
m.y.  (G. Keller, personnel camnunication, 1983). Further, the morphology of 
N. pachydem suggests a l a t e s t  Miocene or early Pliocene age, since the 
sanpled species is a well developed form indicating en age of about 5.5 m.y.  
(Lagoe, 1983; G. Keller, personnel ccrrrnunication, 1983).  In eddition, 
Amentrout (1983) and A m n t r o u t  and others 11978) have obtained m i n i m  K-Ar 
age dates of 5.6 + 0.5 m.y. and 6.4 f 0.4 m.y. on glauconites frcm the upper 
Poul Creek F o m t i o n  at Yakataga Reef, in agreanent with the plantonic 
formini feral age. Legoe (1983) and Amntrout (1983) conclude that the base 
of the Yekataga Formation is about 6m.y. old .  Thus, the beginning of uplift 
of the Chugech-Saint Elies mountains, and the collision of the  Yakutat block 
w i t h  southern Alaska began i n  late  Miocene time, about 6 m.y. ago. 

Reanalysis of the Kayak Island Yakataga Fomtion section, dated by 
Plafker  and Addicott (1976)  as early Miocene, has not been done. Plafker end 
Addicott (1976) note that  Rau ( i n  Plafker, 1974) found foraminifera typical of 
ear ly  or middle Miocene s t a g e s  (Saucesien and Relizian) of Weshington. These 
stages are age correlative to mol luscan  stages ( P i l l a r i a n  end Newportan) of 
Washington which are apparently of late Miocene age i n  the G u l f  of Alaska 
(ccmpare studies of Ariey ,  1978; Legoe, 1978, 1983; Armentrout, 1983, and 
Amntrout and others, 1978). Thus, i f  the mol luscan and benthic 
formin i f era l  biostratigraphy is indeed younger in the Gulf of Alaska than at 
more southerly l a t i t u d e s ,  the lower Miocene age of Plafker end Addicott (1976) 
far Kayek I s land  needs to be reevaluated. 

Lagoe (1983) notes that the disagrement of age assigrments for 
formini fera and ml lusks  arises frun the often endanic nature of the faunas 
end the ettenpt to correlate than with biostretigraphic standards established 
at the more southerly end d i f f e r e n t  biogeographic provinces  of Washington end 



Oregon. The molluscan and benthic formini fera l  stages are apparently time 
transgressive, and are younger in the northern Gulf of Alaska than in Oregon 
end Washington. A de ta i l ed  study of molluscan and benthic formini feral ages 
c q a r e d  to more widely ranging forms such as planktonic foraninifera is badly 
needed t o  establish a northern Gulf of Alaska biostratigraphy that. is 
independent of Washington and Oregon biostratigraphy, and to better delineate 
the age of the Yakataga Formation. 

Structure 

The overall trend of structures in t h e  Cenozoic rocks is subparallel to 
the t rend of the bordering Fairneather and Chugach-Saint fau l t  system,  and 
the related bounding Ragged Mountain and Winghm is land faults (Fig .  4 ) .  The 
structural trend is easterly east of Kayak Island end changes to a 
northeasterly trend in the area adjacent to Keyak Island and the Ragged 
Mountain Fault. The structure is characterized b y m d e r a t e l y  t o  intensely 
canpressed folds and displacenent along northward dipping thrust faults. The 
i n tens i ty  of folding and the magnitude of displacgnent along faults increases 
f r a n  south to north .  The observed structures c o n s i s t e n t l y  show uplift and 
overthrusting of older, landward formations over younger, seaward 
formations. The onshore structure is described I n  Miller and others (19591, 
Miller (1957, 1961, 19711, Plafker and Miller (1957), Stoneley (1967), and 
Plafker (1967, 1971). 

The Tert iary section in the area of Lituya Bay is deformed into e broad 
syncline between the Mesozoic 'IFakutat Group rocks to near the shoreline, and a 
strongly asspetrice1 enticline at or near the shoreline ( M i l l e r ,  1961; 
Plafker, 1967, 1971; Stoneley, 1967). 

Fran Yakutat Bay to Kayak Island, the structure of the Cenozoic strata 
includes east-west trending synclines and thrust-faulted ant ic l ines  (Fig. 
4). The principle f a u l t s  i n  this area, the Kosakuts, Hope Creek, and Miller 
Creek faul ts ,  separate belts of differing structural styles, and expose 
increasingly older and more deformed rocks at the surface twards the Chugach- 
Saint Elias fault. In the coastal belt, the structure is characterized by 
broad sync1 ines and narrow, t i gh t  l y  colpressed essymet rical , thrus  t-feu1 ted 
anticlines. To the  nor th ,  folds are of m l l e r ,  but more nearly equal 
mplitude, and b e c m  more intensely folded end faulted (Mil ler ,  1957; Miller 
and others, 1959; Plafker, 1967; Stoneley, 1967).  

In the area of Kayak Island and the Ragged Mountain fault (Fig. 4), 
structural trends are more northerly  to northeasterly.  Folds ere typically of 
snall mplitude, t i g h t l y  canpressed, and a s s p e t r i c  or overturned (Winkler 
and Plafker ,  1981). 

The mount of displacement on major onshore f a u l t s ,  and the m u n t  of 
shortening due to structural deformtion indicate  e s i g n i f i c a n t l y  greater 
degree of deformation onshore than offshore. Displacanent on t h e  Kosakuts 
f a u l t  (Fig. 4) is estimated only es "several thousand feet", end on the Hope 
Creek fault as about 6 h (Mil ler ,  1951). Displacement on the  Miller Creek 
fault  is estimated at 2 t o  3 kn north  of Cape Yakataga (Miller, 1967, 19711, 
and as not less than about 5 h on its continuation into the Chaix H i l l s  fault 
(Plafker and Millel-,  1957) .  These estimates ate  inrrrarked contrast to 
offshore m a x i m  vertical offsets of about 1.5 h, end more c m n l y  0.5 t o  1 



Im (next section). Stoneley (1967) es t imtes  onshore structural shortening as 
at least 16 la in 40 to 50 h, or about 30 t o  46 percent; Lathran and others 
(1974) estimate about 25 percent shortening. 

The onshore strata have been strongly u p l i f t e d  and defomPd during the 
late Cenozoic ( M i l l e r ,  1957; Plafker end Miller, 1957; Plafker ,  1967, 1971; 
Stoneley, 1967). Defomtion  continues t o  the present, as shawn by seisnicity 
(Perez and Jacob, 1980; Lahr end Plafker, 19801, by uplifted beach'terraces a t  
Lituya Bay and between icy Bay and Kayak Island (Hudson and others, 1976; 
Plafker end Rubin, 1978; Plafker end others, 1982b), and by measured up1 i f t  
along the Fairneather fau l t  dur ing  the 1958 Lituya Bay earthquake (Toucher, 
1960; K a n m r i ,  1977), around Yekutat Bay during a series of earthquakes i n  
1899 (Tsrr end Martin, 19121, and on Kayak and Middleton Islands during the 
1964 Alaska earthqueke (Plafker, 1969; Plafker and Rubin, 1978). The onshore 
Yakatage formetion exhibits n w s o u s  unconfomities within the Pliocene and 
younger section, also indicating active u p l i f t  of the  besin during deposition. 

Offshore geology 

Rocks of Mesozoic through maternary age that outcrop on the continental 
slope of the Yekutat s e p n t  have recently been senpled by dredging (Table 1 
and Fig. 6 ;  adapted frcm Plafker and others, 1980). These rocks provide data 
on the  geology, stratigraphy, and depositional envirorment of the offshore 
part of' the Yakutat block, and give age control for mapped seimic horizons of 
the shelf and slope. 

These rocks can be generalized as follms (Plafker and others, 1980): 

( 1 )  Unit A, en undated sequence consisting of m i l d l y  metmrphosed 
(zeolite facies) metasandstone and srgillite is found on the continental slope 
off Fairweather Ground, and probably underlies much of Fairweather Ground and 
the continental shelf to the north. This sequence probably contains intrusive 
rocks, since Fairweather Ground is associated w i t h  a high mgnetic a n m l y  
(Naugler and Weganan, 1973; Taylor end O'Neill, 1977; Schwab and others, 
1980). The dredged rocks are lithologically s imi lar  to the onshore Yakutst 
Group, a Mesozoic flysch and melange sequence (Plafker ,  1967, 1971; Plafker 
and others, 1977; Winkler and P le fker ,  1981). 

(2 )  Units B-F cmprise a Paleugene sequence of volcanic and sedimentary 
rocks found along parts of the continental slope frmFainveather Ground to 
Pmplone Ridge. T h i s  sequence c o n s i s t s  of U n i t  B, en inferred late 
Paleocene(?) or early Eocene(?) unit of sandstone, conglanerate, and shale; 
U n i t  C, Paleocene(?) and early Eocene tholeiitic besalt flows and pyroclast ic  
rocks; U n i t  D, early t o  middle Eocene sandstone, conglumrate, siltstone, and 
shale; Unit E, late Eocene end early Oligocene(?) shale ,  tuffaceous shale,  
siltstone, and sandstone; and U n i t  F, upper Oligocene silty shale.  

The Paleocene(?) rocks (Unit B) were sarpled only i n  the v i c i n i t y  of 
Yakutat valley (Fig.  6);  the thickness and extent of these rocks i s  u n k n m .  

Paleocene(?) and early Eocene thole i i t i c  basalt ( U n i t  C )  was s q l e d  
between Fairweather Ground and Yakutat Valley (F ig .  6 ) .  Where dredged, the 
basalt sequence has a thickness of a t  least 1300 m; the total thickness of the 
sequence is not k n w .  The basalts yielded ages of 55&7 and 50f5 m.y. B.P. at 



Tahle 1 .  Stratiqraphic summary of rocks drcdqed from the c o n t i n e n t a l  slope of the Yakutat seqnent, 
Northern Gulf of Alaska t from P l a f k e r  and others, 19BOF 

U n i t  Aqe - 
A Late Cretaceous 

Litholoay and Comments 

Hard qraywacke, argi l l l  te, and possible 
i n t r u s i v e  rocks. 

late Paleocene ( ? I  C a l c a r e o u s  f e l d s p a t h o l i  t h i ~  sandstone and 
t o e a r l y  Eocene ( ? I  c o n q l o m e r a t e i n t e r b e d d e d w i t h h a r d  

carbonaceous and wrqanie-rich shale Dr 

siltstone. Also includes subordinate 
amygdaloidal b a s e l t i c  f l o w  and p y r o c l a s t i c  
rocks and diabase dike I ? )  rocks. 

Ear 1 y Eocene 

Early and 
middle  mcene 

Dominantly b a s a l t i c  f law and pysoclastie 
rocks w i t h  subordinate associeted elastic 
marine sed imentary  rocks. Host b a s a l t s  ere 
amyqdaloidel; Plsgiocl~se phenocrysts are 
common, and s e r p e n t i n i z e d  ol ivine phynocrysta 
are Locally present. T e x t u r e s  range from 
q l a s s y  to d i a b a s i c .  

Interbedded f e ldspa  tholi thf r sands tone, 
s i l  tstone, organic rich s h a l e ,  c a l c a r e o u s  
and concretionary s h a l e ,  tuf faceous shale, 
minor pebbly  mudstone,  tuff , volcaniclastic 
and b i o c l a s t i c  s e n d s t o n e ,  end b a s a l t .  Unit 
contains a diverse and abundant microbiota 
i n c l u d i n q  c o c c o l i t h s ,  f o r a m i n i f e r s ,  siliceous 
m i c r o f o s s i l s ,  polynomorphs, and orqanisms 
characteristic of shallow-w& ter tropical 
esrbonate reefs, such a s  a l g e a ,  c o r a l ,  
bryozoans, and e c h i n o i d s .  

Ear 1 y bcene Orgsnie rich s h a l e ,  c a l c a r e o u s  s h a l e ,  
to late Eocene, t v f f a c e o u s  s h a l e ,  micaceous s i l t s t o n e ,  and 
and possible f e ldspatho l i  t h i c  e a l c i  te-matrix sandstone. 
early Oligocene. Shale i s  commonly lamineted and o r g a n i c  rich. 

Sequence contains a rich biota of 
m i c r o f o s s i l s ,  including c o c c o l i t h s ,  
f o r a m i n i f e r s ,  and palynomorphs. 

Late O l i q o e e n e  

Miocene and 
younqer 

S i l t y  s h s l e  with abundant mica and a rich 
diatom and s i l i c o f l e q e l l a t e  aascmbledge. 
I n  c o n t r a s t  t o  u n d e r l y i n q  s t r a t a ,  calcareous 
m i e r a f o s s i l s  a r e  absent and shsle i s  
r e l a t i v e l y  Low i n  o r q a n i c  carbon content. 
Correlative i n  aoe with the onshore marine 
PouL Creek Formation, but l s c k s  the 
characteristic Poul  Creek qlaueonita ,  maf i c  
aquaqene t u f f  and flow rocks, and foraminifers. 

Es t ima  tea 
Maximum T h i c k n e s s  !m 

Where Drtdoed 

Hatine mudstone,  siltstone, Sandstone ,  
conqlomerate, and conqlomera tic sandy 
muds tone or diami cti te . f ce ra f t ed  
drops tones common. Correlative wk th the 
Yakataqa Formation. See P l a f k e r  and A d d i e o t t  
(1976)  for d e t a i l e d  study. 

unknom 



Flgure 6. ~enerallzed geologicmp showing bedrock outcrop dlstributiod of dredge sarrples, the  
outcrop area of 'pre-Tertiary rocks onshore, areas of thicker unconsolidated deposits, m j o r  
structural features, and onshore wells. Units G and H not distinguished by pattern; contact 
is at continental slope except in she l f  valleys. See text and Table 1 for description of 
m p  unl ts .  F r m  Plafker and others (1986). 



l o c a t i o n s  south of Icy Bey and adjacent to Fairweather Ground respectively 
(Fig. 1). The basalts exhibit textures and p r i m r y  mineralogy c m n l y  found 
i n  ocean-floor bsalts. The geochemistry  o f  the b a s a l t s  indicates  that they 
are a chanically diverse assmblage of tholeiites, most similar to  basalts 
f r a n  s e m u n t s  on and near midoceanic  ridges (Davis  and Plafker, 1884). 

The basalts a r e  l i k e l y  the source body for  a linear magnetic anamaly, the  
Slope a n m l y ,  that extends along the continental slope f r m   airw weather 
Ground t o  Kayak I s land ,  and continues across the shelf west of  Kayak Island to 
the Kenai Peninsula (Naugler and Wagmn, 1973; Taylor and O % e i l l ,  1978; 
Schwab and Bruns, 1979; Schwab and others, 1980) .  The basalts have sane o f  
the highest mgnetic susceptibilities measured in the Gulf of  Alaska, 
averaging about .003,  w i t h  a high o f  .0055. T h e m a g n e t i c  data w i l l  be 
discussed In d e t a i l  in a later section. 

The Eocene and Oligocene sedimntary strata overlying the basalt have a 
cembined thickness of a b u t  3200 m at the continental slope. Units D and E 
were smpled f r m  Fairweather Ground to  Yakutat Valley. U n i t  F was smpled 
only along the upper slope near the west side of Alsek Valley, and is about 
300 rn thick where dredged. 

The Paleogene sedimentary strata ere terr igeneous .  Sane of the dredged 
sandstones are l i t h o f e l d s p a t h i c  w i t h  quartz and feldspar each carprising about 
4W of frmework grains, and rock fragments ccmprising about 2%. The rock 
fragments are d m i n a n t l y  plutonic and metcmorphic, and suggest deposition f r a n  
a plutonic  and r n e t m r p h i c  source terrain. A l s o ,  ccmpositional and textural 
data frm these sandstones indicate rapid deposit ion f r m  a nearby source 
area, probably a continental m r g i n  (P la fker  and others, 1980) .  

The entire Paleogene sequence dredged on the slope differs markedly in 
l i t h o l o g y  frm coeval rocks e i ther  exposed or penetrated i n  exploratory wells 
onshore (Plafker and others, 1980). In addition, early and middle Eocene 
forminiferal assgnbledges have not been recorded frm onshore outcrops or 
subsurface wells in the northern G u l f  of Alaska, except for e well at 
Middleton Island (Rau, 1979, 1981). Thus, a t  least part o f  the offshore 
Paleogene s e c t i o n  is not represented in onshore sedimentary strata. 
Therefore, no correlations have been made with the onshore sections. 

Benthic  forminifora indicate deposition of the Paleogene s t r a t a  i n  
increasingly s h a l l w e r  water  (mu, 1979, 1981; Plafker end others,  1980; 
Keller and o t h e r s ,  1983,  1984) .  Early t o  middle Eocene fauna indicate 
deposition occurred in lower middle  bsthyal  or deeper depths (1500 m or 
greater), with transport of outer shelf and upper slope fauna into  the basin 
during early Eocene t i m e .  Late Eocene and Oligocene fauna indicate deposition 
in middle bathyal depths, with gradual shallowing. 

The Paleogene sedimentary sequence contains e microfauna that i n d i c a t e s  
s igni f icant  northward transport. Microfauna fram the dredge smples are 
similar to microfauna of C a l i f o r n i a ,  Oregon, and Washington (Plafker and 
others, 1980; Rau, 1979, 1981). Keller and others (1984) find that earl8 
Eocene microfauna are similar to assemblages currently found at about 30 2 

N. i n  California, while middle Eocene and upper Eocene t o  Oligocene fauna 
a r e  similar to assmblages a t  about 40' k 5ON. in California, and 45' f 5' i n  
Oregon and Washington respectively. These correlations require a t  least 30' 



of northward mtion of the Yakutat block since the early Eocene. 

Geophysical data (next section) show thet the Paleugene rocks are present 
beneath the Yakatega segment, but the Paleogene rocks have not been 
 extensive!^ scnpled as on the Yakutat segment. Peleogene age rocks were 
sarrpled at  one location on Hhitrov Ridge during the dredge cruises (Plafker 
and others, 1979). Paleogene rocks are also reported fran the bottams of five 
exploratory wells drilled i n  the Yakatega segment (Herrera, 1978; 
Jones, 1979). 

( 3 )  Uni t  G, a middle Miocene(?) end younger clastic sedimentary sequence 
equivalent to the onshore Yakatage Forrmtion, overlies ell the older units. 
At t h e  slope, these strata are up to 2000 rn thick. These rocks were not 
extensively s q l e d  during t h e  dredge cruises, but are extensively exposed in 
outcrop and wells onshore (Plafker,  1971; Plafker and Addicott, 1977). Same of 
the offshore exploratory wells penetrated up to 4 km of these rocks without 
reaching the base of the section or smpling rocks older than Pliocene 
(Lat tanzi , 1981). 

A deta i led  study of  a well drilled by Exxon Carpany, U.S.A. southeast of  
Kayak Island (Exxon OCS-Y 0080; Lettanzi, 1981) shows the geology i n  the  well 
is similar thet exposed on the minland.  In the offshore w e l l ,  the oldest 
u n i t  penetrated, between 2582-4117 rn, is of late Miocene to early Pliocene 
age, and is lithologically equivalent to the onshore Poul Creek Fomtion. 
These strata are overlain by Yakataga F o m t i o n  equivalents. Thus, t h e  
offshore s t r a t a  at the bottun of the well are equivalent to the upper Miocene 
Poul Creek and Yaketaga Forrmtion section exposed a t  Cape Yeketaga (Areay, 
1978; Lagoe, 1978, 1983; Armentrout end others, 1978; A m n t r o u t ,  1983). Both  
onshore and offshore units are overlain by thick, cool-water, glaciamerine 
strata of t h e  Yakataga F o m t i o n .  

At  present, the continuity of pre-Yakataga F o m t i o n  rocks onshore and 
offshore has not been established. Significant differences in l i tho logy  have 
so far precluded correlation of the dredged rocks with coeval onshore rocks 
(Plafker and o t h e r s ,  1 9 8 0 ) .  The dredged rocks also include basalts and early 
and middle Eocene rocks, for which no onshore equivalents have been 
recognized. Most likely, the offshore Paleogene rocks ere deep weter facies 
of the onshore, rminly shallowmrine and non-rmrine rocks. Alternatively, 
and less likely, the Paleogene rocks onshore and offshore could be fault 
bounded and unrelated, and the Yakutat block itself carprise a ccnposite 
terrane. Better delineation of the geologic history of the pre-Yakataga 
Fomtion part of the  block is dependant on a b e t t e r  correlation of onshore 
and offshore lithologies, and on better delineation of faults that  could 
affect these older strata, 

Se i mi c hor i zons 

The structure of the offshore part of the Yakutat block is determined by 
correlation end rmpping of selected seimnic horizons throughout the 
mlt ichannel  seismic reflection grid. These horizons then delineate the 
structure, and the timing and pettern of structural developnt of the 
continental m r g i n .  The seismic horizons were used t o  construct the structure 
and isopach m p s  presented here, and are shown on the  seismic l i n e s .  



S i x  seisnic horizons, designated frun youngest to oldest as A through F, 
are mapped in various areas of the shelf, and three, designated as A1 through 
A3, are mapped at  the  base of the  slope (Fig.  7; Bruns 1979, 1982, 1983b; 
Bruns and Schwab, 1983). Each of these horizons is at least  locally, end in 
part regionally, mapped on an unconformity; where the unconformities are not 
present, mapping is on seimic reflectors c o r r e l a t i v e  with the unconfomity. 
Thus, each of the seisnic horizons is, or approximtes, a time boundary. 

Horizons A, B, and C are mapped on the Yakataga shelf (Bruns and Schwab, 
1983) .  Structure contours on horizon C,  the deepest horizon correlated 
throughout the Yakataga shelf seimic grid, ere presented in this paper. The 
age of strata at horizon C is difficult to detenine, since faunal data do not 
provide accurate age differentiation in Pliocene end Quaternary strata (Reu 
and others, 1977; Lattanzi, 19811, Based on correlations to onshore and 
offshore wells, Bruns and Schwab (1983) estimted strata at horizon C could be 
as old as about middle Pliocene; however, these  s t r a t a  could be as young as 
earliest Pleistocene, based on correlation i n t o  four offshore wells drilled by 
Exxon Co., U.S.A. (Lattanzi, 1981). Horizons A and B are of about middle 
Pleistocene and early Pleistocene age respectively; structure mps for these 
horizons are shown in Bruns and Schwab (1983). 

Horizons D, E, and F a r e  mapped throughout the seismic date frm the 
Yakutat shelf  and slope, end horizon D is discontinuously seen in seimic date 
f r m  the Yakataga slope. 

Correlation of these horizons to rocks dredged fran the continental slope 
(Plafker and others, 1980)  and to onshore wells (Rau and o t h e r s ,  1 9 7 7 )  gives 
age control on the horizons; this correlation is s m r i z e d  below, and 
discussed in detail in Bruns (1982, 1983b). 

Horizon D is mapped a t  the  base of s t r a t a  correlative with the onshore 
Yakataga F o m t i o n .  Horizon D m y  mark a m j o r  h i a t u s  that occurred during 
middle  Miocene time (Bruns, 1983b). Onshore well data (Rau and others, 1977 )  
suggest that mch of the Yakataga Fomtion adjacent to the shelf is Pliocene 
and Quaternary age, and, near Yekutat Bay, the formation directly overlies 
Eocene and older s trata .  Also, de ta i l ed  studies a t  Cape Yakataga ( A m n t r o u t ,  
1983;  Lagoe, 1983) and in an offshore well (Lattanzi, 1981) indicate that the 
base of the Yakataga F o m t i o n  is of l a t e  Miocene age, and that middle Miocene 
strata are t h i n  or absent. Thus, the age offshore of strata  above horizon D 
is likely late Miocene and younger. 

Horizon E is mapped on en unconformity that is locally present between 
horizons F and D south  of Yakutat Bay. Correlation of t h i s  horizon with the 
dredge date frun the slope indicates  that  the unconfomity is between rocks of 
early t o  middle Oligocene (Unit E of Plafker end others, 1980)  and late 
Oligocene age (Unit F). The horizon cannot be seismically correlated 
throughout the shelf. 

Horizon F is acoustic basement on the seimic reflection data. Between 
Yakutat end Icy Bays, the horizon is too deeply buried to be seen in the 
reflection data except beneath t h e  outer she l f  and slope. I n  this area, the 
approximete position of the horizon is defined by a 7 lon/s layer in refraction 
data of Bayer and others (1978). Horizon F corresponds to the top of the 
Paleocene(?) and Eocene basalt (Unit C of Plafker and others, 1980)  frm about 



Figure 7. Generalized age and geologic correlation of seisnic horizons, f r m  
Bruns (19831, Bruns and Schwab (1983), and t h i s  report. Horizons mpped 
on t h e  Middleton, Yekataga, end Yekutet segments end on t h e  adjacent 
P a c i f i c  p l a t e  are shown in first four c o l m s  to  r i g h t  of age c o l m ;  west 
to east variation indicated for Yekutet segmnt and Pacific p l a t e .  F i f t h  
c o l m  shows highly generalized age ranges for onshore f o m t i o n s .  The 
thickness end distribution of these formetions, and unconfonities within 
end between units are  not noted but are carplex; see Stoneley ( 1967 ) ,  
P l a f k e r  (1967, 1911) ,  and Winklet and Plefker  ( 1 9 8 1 ~ )  for detailed 
stratigraphic correlations, distribution, and description of onshore 
units. S i x t h  c o l m  shows geologic units defined by Plafker and others 
(1980)  from dredge data from t h e  Yakutat segmnt continental slope; see 
Figure 6, Table 1, and text. 



Alsek Valley to Icy Bey, and to the top of probable Mesozoic flysch and 
melange (Uni t A of Plafker and others, 1980) frun Cross Sound to the Alsek 
Valley (Bruns, 1982, 1983b). Horizon F therefore shows the m i n i m  thickness 
of sedimentary s trata  of the s h e l f  and slope. Strata between horizons F and D 
are largely of Paleogene age, b s e d  on correlations to the dredge data, and 
could include rocks of lower Miocene age as seen onshore. 

Horizons D and F cannot be correlated throughout seisnic data'on the 
Yakatega segment shelf as t h e  horizons are obscured beneath the t h i c k  l a t e  
Miocene and younger strata (post-horizon D strate) of the shelf. However, 
horizon D is discontinuously seen on slope segments of the seimic lines. 

A t  the base of the slope, three seisnic horizons are correlated through a 
set of single and multichannel seisnie reflection lines to Deep Sea Drilling 
Project Site 178 near Kodiak Island. The horizons are A l ,  base Pleistocene; 
A2, base Pliocene; and A3, top oceanic basalt. Horizon A3 ranges in age f r a n  
about middle  Eocene on t h e  west (ancmely 20, 46 Ma) t o  l a te  Oligocene on the 
east (anomaly 7, 25 Ma; Schwab and others, 1980). The age correlation of 
horizons A l  and A2 is l e s s  cer ta in  than the correlation of the shelf horizons 
because of the distance between the Yakutat segment and the only point of age 
control at site 178.  The age correlation is in good agrement w i t h  a similar 
correlation by Von Huene and others (1979).  

In the following sections, the seisnic horizons are used to delineate 
both time end strata sequences; for exarple, t h e  time between any two 
horizons, Pike the  F and D horizons, will be "F-D time". 

Yakutat s e p n t  structure 

I f s i gn i f i can t Pac i f i c-Nor t h Amer i ce convergence has been accanodat ed by 
subduction of the Pacific plate beneath the Yakutat block, then the structure 
of the Yakutat segment should reflect this convergence with accretion along 
the south margin of the segment and with major d e f o m t i o n  of the shelf or 
slope rocks. Instead, interpretation of mltichannel  seismic reflection data 
shows little colpressional defomtion of the s e p n t ,  end further shows that 
the Transition fault bounding the south side of the segment has been an 
inact ive tectonic feature for at least Pliocene and Quaternary time. The 
structure of the segment also establishes inportant constraints for the pre- 
Pliocene tectonic history of the Yakutat block. In this section, I describe 
the structure of the shelf, slope, and adjacent abyssal plain, then examine 
the structure of the Transition fault a t  the base of the continental slope, 

Shelf and s l a p  structure 

The structure of the Yakutat segment is characterized by four major 
features (Figs. 4, 8-10; Bruns, 1983b): (1) a large structural high at the 
shelf edge between Yakobi and Alsek Valleys that is centered on Fairweather 
Ground; ( 2 )  the Dangerous River zone, extending frm the western edge of 
Fairweather Ground towards the mouth of the  Dangerous R i v e r ,  along which 
acoustic basement shallows abruptly by about 2 h fran west to east, ( 3 )  the 
Icy Point-Lituya Bsy extension of the Queen Charlotte fault systan, and ( 4 )  
two subbasins separated by the Dangerous River zone, 

Fairweather Ground high. Dredge data indicate that the Fairweather 
Ground h igh  is cored by rocks of early Tertiary and probable Mesozoic age 



Figure 8. Structure contours on a seisnic horizon (horizon D) a t  
approximtely the base of late Miocene and younger s trate .  A r r w s  
indicate location and trend of Dengerous River  zone discussed i n  text .  
IPF-lcy Point-Lituya Bay f a u l t .  Contour interval = 0.5 lon. N m d x r ~ d  
Pines show location of seismic lines s h m  i n  Figs, 11-14, Frtm Hrwns 
(1983) -  



Figure 9 .  Structurecontours  on a seimic horizon ( h a r i z o n F ) a t  
approximtely the base of the Paleogene sedimentary st ra ta .  Contour 
interval = 0.5 h. Other explanations es in Fig .  8. Fran Bruns ( 1 9 8 3 ) .  





(Plafker and others, 1980; Bruns, 1983b3. Neogene and Quaternary s trata  onlap 
t h e  h igh  and dip toward the coast into the eastern subbasin of the Yakutat 
shelf (Fig. 8). These strata are u p l i f t e d  and truncated a t  the  sea floor 
along mch of the high (lines 400, 911, and 909, Figs. 1 2 ,  1 3 ) .  Most of t h : s  
u p l i f t  occurred during the l a te  Cenozoic, probably during P1iocene:end 
Quaternary time. Seismic reflectors in the lower part of the  section (between 
horizon D and U, lines 909 and 911, Figs. 12, 13) show little thinning onto 
the h i g h ,  w h i l e  reflectors i n  the upper part of the section th in  onto the high 
(above horizon U). Based on flattening of these horizons to r a v e  the 
effects of uplift, l a te  Cenozoic (post-horizon D) u p l i f t  of Fairweather Ground 
has been a t  least 2 h in the vicinity of Alsek V a l l e y ,  and around 1 loll south 
o f  Li tuya Bay (Bruns,  1983b). 

Dangerous River zone. The Dangerous River zone is an area where the 
acoustic basement on the seismic data b e e m s  m r k e d l y  shallower, with 
s t r u c t u r a l  re1  ief on the acoustic basgnent of 2 lon o<mre ( ~ i ~ . - 9 ) .  The 
t h i c k  Paleogene rocks present west of the Dangerous R i v e r  zone (F-D s t r a t e )  
are truncated along the zone (Fig.  l o ) ,  p r i m r i l y  by onlap against the 
acoustic b a s m n t  (horizon F; see lines 903 and 913, Fig. 11 and line 909, 
Fig .  13). Faulting occurs at the base of the section, and part of the section 
is truncated by the overlying late Miocene and younger strata (post-horizon D 
s t r a t a ) .  

The southern extension of the Dangerous River zone trends into an area on 
the continental slope, where, on the basis of dredge data (Plafker and others, 
1980), Paleogene strata are juxtaposed against Mesozoic rocks (Fig. 6). The 
northwest extension of the zone is inferred to pass beneath three exploratory 
w e l l s  near Yakutat where a thick Paleogene section is cut out by truncation or 
faulting ( R a u  and others, 1977). West of these wells, the position of the 
zone is u n k n m .  

The Dangerous River zone mrks a mjor change i n  the basement rocks of 
the Yakutat block. East of the zone, basanent rocks both onshore and offshore 
consist of possible Mesozoic flysch and melange (Unit A of Plafker and others, 
1980,  offshore, and the Yakutat Group onshore). West of the zone, refraction 
velocities (Bayer and others, 1978; Von Huene end others,  1979), mgnetic  data 
(Schwab and others, 19801, and mgnetic models (presented la ter )  ind ica te  that 
the Eocene basalt sa~pled a t  the continental slope is continuous beneath the 
shelf. The onlap of the Paleogene sedimentary sequence onto the acoustic 
basement indicates that  the Dangerous R i v e r  zone f o m d  the edge of the 
Paleogene basin and is a paleo-slope formed prior t o  the  deposition of these 
s trata  (Bruns, 1982, 1983b). The Dangerous River zone marks the transition 
frcm a probable Mesozoic continental m r g i n  accretionary sequence on the east 
to what could be an oceanic 'basalt sequence on the  west. 

Icy Point-Li tuya Bay fault. The Icy Point-Lituya Bay f a u l t ,  the  
extension of the western Queen Charlotte fault trace, bounds the east subbasin 
of the shelf along the shoreline (Figs. 8, 9). ~ r m ' ~ r o s s  Sound t o  Cepe 
Fainneather, m r k e d  u p l i f t  and fo lding of the  basin strata occurs e t  or near 
t h e  s h o r e l i n e ,  where the Yakataga Fomvltion crops out w i t h  almost v e r t i c a l  dip 
(Stoneley, 1967; Plafker, 1967; 1971). Offshore seimic data (line 400, F i g .  
1 2 )  show f l a t - l y i n g  sediment w i t h i n  3 Ian of the coast near Lituya Bey, 
suggesting the fault is associated with significant deformtion and vert ical  
displacement near t h e  shoreline. The f a u l t  my extend to the west beneath the 
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Figure 11. Interpreted seisnic sections 903 and 913, Yekutat segment. 
Seimic  horizons D end F correspond to mpped horizons of Figures 8 and 9 
respectively. Locations of lines shown i n  Figures 8-10. V.E. 6.7:1 a t  
the seafloor, 
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Figure 12. Interpreted seismic sections 400 and 967-911, Yakutat segmnt. 
Seismic horizons D and F correspond t o  mpped horizons of Figures 8 and 9 
respectively; horizons A2 and A3 to mpped horizons in  Figs. 15 and 16 .  
Locations of lines shown in Figures 8-10.  V.E. a t  the seafloor 5:l for 
line 400 and 6.7:l for  line 967-911. 
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S SECTION 009 10 ~m N 
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Figure 13. Interpreted seisnic sections 909 end 403, Yakutat segment. 
Seisnic horizons D and F correspond t o  mpped horizons of Figures 8 and 9 
respectively, horizon E is a local unconformity of about middle  Oligocene 
age, and horizons A2 and A3 correspond to mpped horizons i n  Figs 15 and 
16. Locations of lines shown i n  Figures 8-10. V.E. at  the seafloor 6.7:1 
for line 909, and 5 : l  for line 403. 
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SW SECTION 923 

Figure 14. Interpreted seismic sections 404 and 923, Yakutat and Yakatage 
segments. Seimic horizons D and F correspond to mpped horizons of 
Figures 8 and 9 respectively; horizons A2 and A3 correspond t o  mpped 
horizons i n  Figs. 15 and 16. Location of line 404 shown in  Figures 8-10 
and 15-17; for l ine 923, see Figures 15-17. V.E. a t  the seafloor 5:1. 
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thick onshore alluviun, but no data are available to trace this extension. As 
discussed in the previous section, this fault could be a major strike-slip 
fault similar to the onshore Fairweather F a u l t ,  since i t  trends into the most 
active trace of the Queen Charlotte fault as mpped by Cerlson and others 
(1979, 1981, and i n  press) .  

Basins. The Dangerous River zone separates the Yakutet she1 f .  into two 
d i s t i n c t  subbasins. The eastern basin (Figs. 8 ,  9 )  is bounded by the 
shoreline, the Dangerous River zone, the Fairweather Ground high, and the 
offshore extension of  the Fairweather fault s y s t e n .  Strata in t h i s  besin that 
are resolvable on the seimic data ID-seafloor strata on lines 400, 911, and 
909, Figs. 1 2 ,  13) ere of l a t e  Cenozoic age, and lower Tertiary s t ra ta  are 
missing, thin,  or form acoustic b a s m n t .  

The late Cenozoic strata within the eastern basin show regional dip 
towards the basin a x i s ,  and ere deformed only over and around the Fairweather 
Ground high , and a1 ong the Queen Char1 ot te-Fai rwea t her faul t syst an. The 
sedimentary section dips towards the coast, with a m x i m  thickness of around 
4 h east of Dry Bey. The axis of the basin is near and parallels the 
coast . 

The western subbasin lies between the Dangerous River zone and the 
ccrrpressional f o lds  of t h e  Yakataga segment. The structure and isopach maps 
(Figs. 8-10), show that the Tertiary sedimentary section thickens mrkedly 
west of the Dangerous River  zone to greater than 9 hn south of Icy Bay, 
primarily due t o  the presence of the t h i c k  Paleogene section (F-D s trata  on 
seisnic lines in Figs. 11-14). South o f  Yakutat Bay, roughly midway between 
the shelf break and the coast, the Paleogene section has a m a x i m  thickness 
greater than 5 Ian. In the western part of the subbasin, the thickness and 
extent of this section is not well defined, since seisnic reflection and 
refraction data (Bayer and others, 1978; Bruns, 1982, 1983b) give only very 
general control on the  position of the F horizon, but the section i s  at  least 
4.5 h t h i c k .  The thickest part of the Paleogene section, as seen i n  the 
isopach map (Fig. lo), trends northwest, and m y  define the early Tertiary 
basin ax is .  The section is truncated along the Dangerous River zone. 

Local deformation occurred w i t h i n  the Paleogene s trata  prior to the late 
Cenozoic (prior to horizon D t i m e ) ,  r e s u l t i n g  i n  a p r m i n a n t  local 
unconfonnity (horizon E, line 403, Fig. 13). Otherwise, the Paleogene strata 
within the basin are undeformed. Both dredge data (Plafker and others, 1980)  
end seisnic data (Bruns, 1982, 1983b) show that the Paleogene section is 
truncated at the continental slope over most of the length of the Yakutat 
segment. These strata outcrop a t  the slope p r i m r i l y  along and west of the 
Fairweather Ground high, suggesting that late Cenozoic uplift of the margin 
along t h e  h i g h  i s  t h e  primary reason the Paleogene strata are ncwv exposed at 
the continental slope. 

The structure map on horizon D (Fig. 8) shows that the depositional a x i s  
of the late Cenozoic strata (Eseafloor strata) in the west  subbasin trends 
east towest, and lies near t h e  coast. The section increases rather  uniformly 
In thickness frm the shelf edge t o  the basin axis, with a thickness greater 
than 5.5 lm in the deepest part of the basin. These s t ra ta  and the 
depositional axis  of the l a t e  Cenozoic basin are continuous across the 
Dangerous River  zone i n to  the east subbasin, with f a u l t i n g  and fo ld ing  seen 



nearshore only along the northern extent of the zone. Strata above horizon D 
show regional subsidence towards the basin a x i s ,  but are otherwise relatively 
unde f o m d .  

The structure of the Yakutat shelf  and slope shows little evidence for 
late Cenozoic oblique convergence across the margin. There is no evidence of 
large scale uplift, folding, and faulting of the shelf or slope as. is 
t y p i c a l l y ,  but not always, seen on other convergent m r g i n s  of the world. The 
Paleogene s t r a t a  are truncated a t  the continental slope, and there is no 
evidence for an accretionary wedge. Paleogene defomtion of the basin west 
of the Dangerous R i v e r  zone was very localized, consisting of low relief 
folding. East of the Dangerous River zone, d e f o m t i o n  is l imited to uplift 
of Fairweather Ground, p r i w r i l y  during about Pliocene and younger time, end 
by defomtion along the trend of the Fairweather-Queen Charlotte fault 
system. Otherwise, the shelf is characterized by regional subsidence. 

Base-of-slope structure 

Three major structural  features are present at  the base of the slope and 
on the adjacent abyssal plain (Figs. 15-16). (1) A t h i c k ,  relatively 
u n d e f o m d  sedimentary sequence overlies oceanic basalt end forms e 
sedimentary trough or basin at the base of the slope. (2) Two sediment fans 
are present on the abyssal p l a i n  off the Alsek and Yakutat Valleys. ( 3 )  The 
Transition fau l t  l i e s  along the base of the slope, and forms a mejor 
structural boundary between the Yakutet block and the Pac i f i c  plate. 

Sedimentary basin. An elongate basin at  the base of the slope f r u n  
Yakobi Valley t o  Yushin Ridge contains over 6 km of sedimentary strata  (Fig. 
15). The basin strate are thickest st or near the base of thewslope, end t h i n  
seaward to about 2 to 2.5 lan thick, 60 km frun  the base of the slope. To the  
west ,  the s trata  t h i n  rapidly to about 2.5 km in the vicinity of Yushin 
Ridge. West of Yushin Ridge,  end adjacent t o  the folds of the  Yakatega 
segment, the strata thicken to about 3.5 km. 

About half of the section is of pre-Pliocene age (A3-A2 strata) based on 
the age correlation of horizon A2, end m p p i n g  of the A2 horizon through the 
seismic g r i d .  The age of the underlying basal t  is about middle to l a te  
Oligocene, based on the age of adjacent oceanic anamlies ( a n m l i e s  7-13, 
Naugler and Wagenan, 1973; 25-32 m y . ,  LaBrecque and others, 1977). 

Isopech maps of both the pre-Pliocene strata (A3-A2 strata) and of the 
Pliocene and younger strata (A2-seafloor s t r a t a )  in the sedimentary trough 
show that the trough has formed a subsiding basin throughout Neogene and 
Quaternary time (Fig. 16). The a x i s  of the pre-Pliocene s t ra ta  is adjacent to 
the base of the slope, w h i l e  the a x i s  of the Pliocene end younger strata is 
offset seaward by about 10 t o  15 h. 

D e f o m t i o n  of the basin strata occurs only adjacent to the Fairweether 
Ground h igh .  Elsewhere along t h e m e r g i n ,  particularly i n  the v i c i n i t y  of 
Yakobi Valley at the east end of the mergin, and frunyakutat  Valley t o  the 
west, seianic data shaw no evidence for d e f o m t i o n  of the abyssal s trata  
( l i n e  400, Fig. 12; lines 404 and 923, Fig. 14). 

The seisnic data show two ages of d e f o m t i o n  (Bruns, 1983b). The oldest 
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Figure 15. A. Bathymetry ( franAtwood and others, 1981) and mltichannel  
seisnic tracklines across the outer-shelf and slope of the Yakutat block 
and adjacent Pacific plate.  Location of Transition feult is determined 
from seimic data and mgnetic mdels as discussed i n  text. B. Structure 
contours to top of oceanic basalt adjacent to the Transition fault .  
Bethymetry and identification of seisnic tracklines shown i n  Fig. 15a. 
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Figure 16. A. lsopach m p  of total sediment thickness above oceanic basalt 
adjacent to the Transition fau l t  (A3-Seaflwr s t r a t a ) .  B. lsopach rmp of 
pre-Pliocene strata  ( A 3 4 2  s t r a t a ) .  C .  lsopach nap of Pliocene and 
Quaternary strata (A2-Seafloor stra ta ) .  Bathymetry and identification of 
seismic tracklines s h m  i n  Figure 1Sa. 



structures show the greatest d e f o m t i o n  i n  Pliocene and o lder  s trata ,  w i t h  
d e c r e a s i n g  d e f o m t i o n  i n  the o v e r l y i n g  strata.  Onlyrninor deformation is 
present in the upper pert of the Pleistocene s e c t i o n  (line 909 and 403, F ig .  
1 3 ) .  T h i s  d e f o r m t i o n  is of ebout the scme age andrmgnitude as has occurred 
on the adjacent the Feirweather Ground h igh .  These structures are;likely 
caused by the l a t e  Cenozoic u p l i f t  of the high (Bruns, 1983b). 

The youngest structures show major Quaternary growth. Bethymetric data 
(Atwood and others, 1981) show four subparallel  ridges a t  the  base of 
Fairweather Ground that are 15 to 30 Imr long  (Fig, 158, in ferred  structural 
axis are shown). Seisnic l i n e s  a c r o s s  these r i d g e s  (for exarple, l i n e  967, 
Fig. 121,  although highly oblique to the b t h p t r i c  axis of the structures, 
show that young, Pleistocene and Holocene age ant ic l ines  underlie the 
ridges. The bathymetric ridges associated w i t h  the anticl ines trend about N. 
60' E. t o  N. 70' E . ,  e l m s t  perpendicular to the N. 15'W. re la t ive  
convergence vector for the Paci f ic and North P m r i  ca plates (Minster and 
Jordan, 1978). The gecmetry suggests that the structures developed in 
response to this convergence (Atwood and o t h e r s ,  1981; Bruns, 1983b). 

Sedimentary fans. Two Pliocene and Quaternary age sedimentary fans a r e  
present  at  t h e  base of the slope off t h e  Alsek and Yakutat Valleys, as seen i n  
both the bathynetric data and the total sediment thickness m p  (Fig. 1 5 ) .  

The eastern fan, south of Alsek Valley shows a P l i o c e n e  and Quaternary 
sediment lobe about 2 . 5  km t h i c k  around 80 to 90 km frm the base of the 
slope. The form of the fan, end tracing of a channel a s s o c i a t e d  w i t h  t h i s  fen 
suggests 8 source i n  the v i c i n i t y  of Yakobi Valley ,  r a t h e r  that the closer 
Alsek Valley, but too few seismic lines ere a v a i l a b l e  at  p r e s e n t  to confirm 
t h i s  suggested source. Sediment originating frun the Alsek Valley m y  be 
trapped within the subsiding trough at t h e  base of the  slope. 

The bethymetric apex of the western fan off the Yekutat Valley appears to  
be offset t o  the  west f r u n  the mouth of the va l l ey ,  end trends into e 
Paleocene(?) bedrock h i g h  (Plafker end o t h e r s ,  1980) a t  Yushin R i d g e .  The 
apparent offset of the  apex of the fan frcm the mouth of the valley and 
against a bedrock high suggests faulting. However,  t h e  isopach m p  of 
Pliocene and younger s t ra ta  (Fig. 16b) shows a Pan around 2 to 2.5 km thick 
extending outward f r a n  t h e m u t h  of the  Yakutat Valley. The pre-Pliocene 
isopach map (F ig .  16a) shows a thickness of between 0.5 t o  ebout 0 . 9  h, but 
shows no distinct fan  shape. The th i cknes s  of these o l d e r  s trata  i s  mainly 
e f f e c t e d  by the rmrked th inn ing  of the westward edge of the sediment wedge. 
Thus, t h i s  fan is p r i m r i l y  a Pliocene and younger f e a t u r e ,  w i t h  a probable 
source fran the  Yakutet Val ley  or predecessor sea valleys i n  ebout the same 
area. The p o s i t i o n  of t h e  fan suggests t h a t  there  has been l i t t l e  i f  any 
offset along t h e  T r a n s i t i o n  fault  during Pliocene and younger time. 

The Transition fault. 

The T r a n s i t i o n  fau l t  (Figs. 1,  4 ,  15, 16) i s  e m j o r  s t r u c t u r a l  boundary 
between the Yakutat block and the Pacific pla te .  The f a u l t  juxtaposes  
Mesozoic, Paleocene, and Eocene rocks of the Yakutat block against Oligocene 
oceanic basalt  of t h e  Pac i f i c  plate. S truc tura l  features along the Transition 
fau l t  are t h e r e f o r e  c r i t i c a l  i n  determining haw and when t h i s  j u x t a p o s i t i o n  
occurred, end the m v e m n t  history of the f a u l t .  These s t r u c t u r a l  features 



constrain the Yakutat block t o m v e  with the Pacific pla te  for at least 
Pliocene and Quaternary time. 

k s c r i p t i o n  of the Transition fault f run  seimic reflection data. On the 
mlt ichanne:  seismic data, the seaward limit of the Transition fault is 
defined by the termination of  seisnic reflectors frcm the oceanic basalt end 
overlying pre-Pliocene strata, 

In the vicinity of Yakobi Valley, seimic reflectors in the pre-Pliocene 
sedimentary strata and frcm the Oligocene oceanic basalt terminate at or near 
the base of the s l o p e .  The overlying Pliocene and younger strata are 
u n d e f o m d  and unfaulted, and onlap the Cretaceous and Paleogene rocks of the 
continental slope (see especially l ines 961, Fig.  3 and 400, Fig. 1 2 ) .  Along 
the Fairweather Ground high, the Transition fault probably lies at the base of 
the slope, landward of the Quaternary folds (see line 967, Fig. 12) .  

Between the Alsek and Yakutat valleys, the Transition fault lies in a 3 
t o  5 h w i d e  zone a t  the base of the slope (l ines 909 and 403,  Fig. 1 3 ) .  Fron 
about Yakutat Valley to the initial structures of the P q l o n e  zone at Khitrov 
Ridge, the location of the Transition fault is at the south side of a 10  t o  15 
lan wide zone at the base of the  slope where no seinnic reflectors are 
resolvable (line 404, Fig.  1 4 ) .  Seaward of the m u t h  of the Yakutat Valley, 
this zone of disruption is covered by about 0.7 to 1 kn of u n d e f d m d  and 
unfaul ted strata of probable late Quaternary age that had a source i n  the 
Yakutat Valley. The rocks in the disrupted zone are of probable Paleogene 
age, based on rocks dredged frm Yushin Ridge at the seaward side of the 
disrupted zone (Plefker and others, 1980). 

West of Yushin Ridge, the Transition fault is covered by unfaulted strata 
of at  least Pleistocene, and perhaps Pliocene, age that prograde d m  the 
continental slope ( l i n e  923, Fig. 1 4 ) .  These strata are also surrounding and 
burying the western end of Yushin Ridge (Bruns and Schwab, 1983). The 
Trans i t ion  fau l t  trends into the northern end of Khitrov Ridge, a mjor  
bathymetric and structural high that forms the youngest and most seaward 
structure of the Yakataga segment f o l d  b e l t .  The westward extension of the 
Transition fault trends into and underlies a steep scarp on the continental 
slope lan&ard of Khitrov Basin. 

The Transition fault, as thus d e f i n e d ,  is a mjor tectonic boundary that 
separates rocks of very different ages. The rocks outcropping at the 
continental s l o p e  include probable  Mesozoic rocks et Fairweather Ground, 
Eocene basalts and Eocene and Oligocene sedimentary strata frmFairweather  
Ground to Yakutat Valley, and Paleocene(?) rocks at  Yushin Ridge (Plafker and 
others, 1980). Adjacent to these rocks are Paci f ic  p l a t e  crust of Oligocene 
and younger age. 

The Transi t ion fault el so truncates the Pal eogene basin at t h e  
continental slope. The extent and thickness of the Peleogene strata of the 
s h e l f  and slope, and the truncation of these strata at the slope, indicates 
that at one time these strata were mch more extensive than at  present, and 
that the seeward part of the Paleogene basin i s  missing. Therefore, during 
Cenozoic time, tectonian along the Transition fault has r a v e d  pert of the 
Paleogene basin, and juxtaposed rocks of m r k e d l y  different ages along the 
fault. 



Pliocene and waternary tectonics of the Transjtion f a u l t .  The 
Transit ion f a u l t  has not been an act ive  Pacific-North Amrica transform or 
subduction boundary during at least Pliocene and Quaternary time, and the 
Yakutat segment of the mrgin has been m v i n g  with the Pacific plate. 
Evidence for t h i s  conclusion is six-foId. 

F i r s t ,  thick u n d e f o m d  Pliocene and younger strata over l ie  the 
Transi t ion  f a u l t  i n  several areas. Seaward of Yakobi Valley, t h i s  u n d e f o m d  
cover is about 1 to 2 h t h i c k .  In this area, there is no act ive connection 
during Pliocene and Quaternary time between the Transition fau l t  and the Queen 
Charlotte-Fairweather fau l t .  Seismic data in the Cross Sound transition show 
no defomtion of Pliocene and Quaternary sediment over the Transition fault 
(line 400, Fig. 12) or on the southeast Alaska shelf on the trend of the 
Transition faul t  ( l i n e  961, Fig. 3;  also Von Huene and others, 1979) .  
F i n a l l y ,  at the western end of the Transition fault, west of Yushin Ridge, the  
Transition fault is also covered by u n f a u l t e d  or only slightly d e f o m d  
sediment of about Pliocene and younger age, as determined by seisnic rmpping 
( 1  ine 923, Fig. 14; Bruns and Schwab, 1983). 

Second, there is no apparent offset of the mjor  sedimentary fan seaward 
of Yakutat Valley fran i t s  probable source of Yakutat Valley. 

Third,  t h e  Transition f a u l t  is p r i m r i l y  characterized by minor or no 
d e f o m t i o n  of strata  a t  the base of the slope, except seaward of the 
Fairweather Ground h i g h .  There is no accretionary wedge along the base of the 
slope, 

Fourth, nowhere can seismic reflectors f r a n  the oceanic basalt be traced 
past t h e  Transition fau l t  end below the mrgin, as is typical of a subduction 
zone. There is no evidence f ran  the seisnic reflection data for t h r u s t i n g  of 
ocean plate  rocks beneath the continental margin. 

F i f t h ,  the  Pliocene and younger sediments a t  the base of the slope appear 
to have been deposited in place. A subduction process a t  the Transition f a u l t  
would have q u i c k l y  remved these s t ra ta ,  or at least resulted in an offset of 
the basin a x i s  upward i n  the section. 

Sixth, as noted by Von Huene end others (19791, t h e  presence of t h e  thick 
pre-Pliocene basin a t  the base of the slope suggests little net convergence 
between the Yakutat block and the Pac i f i c  plate during Pliocene and Qaternary 
time. Such t h i c k ,  abyssal sequences are usua l ly  t o m d  in close proximity to 
a continental mrgin as an abyssal fan, or in this case, perhaps as a f i l l e d  
trough or trench. Such proximity would imply an originally limited extent of 
the trough. Convergence between the Pacific p l a t e  and the Yakutat block then 
seam unlikely because such m t i o n  would quickly s u k h c t  the sedimentary 
trough. The trough along the Yakutat segment m y  be analogous to e trough 
along the Queen Charlotte transformmrgin which i s  u n f i l l e d  along the Queen 
Charlotte Island segmnt (Chase end T i f f i n ,  1972), and filled along the  Dixon 
Entrance to  Cross Sound segment (Von Huene and others, 1979; Snevely and 
others, 1981). 

S a m  Pliocene and waternary defomtion has occurred locally along the 
Transition fault, primarily seaward of the  Fairweather Ground h i g h .  This 
segment has been active during the late Cenozoic as a probable normal fault 
associated with t h e  areally limited uplift of the h i g h .  The uplift of 



Fairweather Ground m y  r e f l e c t  Pliocene and Quaternary react ivat ion of t h i s  
segment of the Transition fault es e result of minor colpressive stress across 
the margin. 

Pre-Pliocene t e c t o n i c s  of the T r a n s i t i o n  f a u l t ,  The ~ransitibn feu l t  
must have been an act ive  tectonic boundary pr ior  to Pl iocene t i m ,  since both 
the pre-Pliocene abyssal rocks end the Paleogene shelf rocks are t r u n c a t e d  
along the f a u l t .  When t h i s  truncation occurred is unclear. Juxtaposition of 
the oceanic rocks against the older continental shelf and slope rocks c o u l d  
have occurred in Miocene tim, or could have occurred e a r l i e r  if the 
truncation of the Paleogene basin was en ongoing process during Eocene or 
Ol i gocene t  im. 

The tectonic process that caused the Transit ion fau l t  is most l i k e l y  
transform f a u l t i n g .  Such a m c h a n i m w o u l d  explain sane of the observed 
re la t ions  along the T r a n s i t i o n  fault, inc lud ing  the truncstion of the 
Paleogene rocks of t h e  shelf and s lope ,  and the juxtaposit ion of the different 
age s trata  at t h e  base of the slope. 

Major subduction along the Trans i t ion  fau l t  prior to Pliocene time cannot 
be ruled out, but seam unl ike ly ,  for twomein  reasons. First, none of the 
usual features of e s u b d u c t i o n  margin e r e  present. The Yakutat s e p n t  and 
edjacent abyssal basin have undergone only minor deformation and are 
characterized by regional subsidence during the Cenozoic. There is no 
tectonically accreted wedge along the margin, even though e t h i c k  pre-Pliocene 
section is present a t  the base of the slope. The pre-Pliocene s t r a t a  on 
either side of the  Transit ion f a u l t  appear to be i n  f e u l t  contact w i t h  the 
margin, end there is no evidence that these s t r a t a  were  deformed prior to  
Pliocene and Quaternary t f m .  

Second, in failed subduction zones, the or ig ina l  mrphology of 8 

subduction zone is often preserved.  This mrpholqgy can include e trench, 
often f i l l e d ,  and a ccnplexely deformed accretionary wedge along the  lower 
s lope .  Exar~les are the Palawan Trench (Hamilton, 19791, t h e  eastern Luzon 
Trench (Lewis  and Hayes, 19831, the Bering Sea m r g i n  (Cooper and o t h e r s ,  
1981), end the central California mrgin (D. McCulloch, personal 
c m u n i c a t i o n ,  1984).  I f  t h e  Transition fault  was a subduction zone prior t o  
the Pliocene, subduction related features would then need to be r m v e d  by 
transform fault ing a f t e r  t h e  subduction zone failure. 

Since the geophysical and structure1 data do not provide e de f ina t ive  
enswer to the pre-Pliocene tectonics sf the Transition fau l t ,  the answer w i l l  
probably be derived f r m  mre d irec t  evidence than the  geophysical data ,  a s ,  
for example, paleamagnetic evidence or geologic correlations of the Yakutat 
block w i t h  other areas of t h e N o r t h  Pmerica continental margin. The probl6n 
of subduction at the  Trans i t ion  faul t  w i l l  be discussed f u r t h e r  i n  a l a t e r  
sect ion. 

Tectonic inpl ications. 

The structure of the Yekutat segment establishes several tectonic 
constraints. (1) The Yakuta t  s e p n t  margin, l i k e  the southeast Alaska 
m r g i n ,  is a tectonically t r u n c a t e d  mrgin, w i t h  truncation occurring a t  t h e  
Transit ion faul t .  Thus, t h e  Transition fault is e major structurel boundary 



between t h e  segment and the Paci f ic  plate.  ( 2 )  The Transition fault has been 
en inactive tectonic feature for a t  least Pliocene and Quaternary t ime.  
Therefore, the Yakutat segment, and hence the Yakutst block, have been moving 
w i t h  the Pacific pla te  for at least that time. ( 3 )  The faul t  between Icy 
Point and Lituya Bay forms the only possible zone seaward of the onshore 
Fairneather  fau l t  along which major Pliocene and Quaternary plate  motion could 
be accmdated.  ( 4 )  The structure of the Yakutat segment shows no-evidence 
far nvljor carpressional defarmetion across, or subduction beneath, the 
m r g i n .  Any motion along the Transition fault prior to Pliocene time was most 
l i k e l y  transformmotion, rather  than convergent motion. (5) TheDangerous 
R i v e r  zone mrks a major break in b a s m n t  rocks of the mergin, w i t h  probable 
Mesozoic rocks east of the zone, and Eocene oceanic b a s m n t  to the west. 
This juxtaposition took place prior to or during the initial stages of 
deposition of the shelf and slope Paleogene sedimentary sequence. ( 6 )  The 
thick Paleogene strata of the sepent were deposited adjacent to e 
continent. The Dangerous River zone f o m d  the basin edge, and both the 
Dangerous River zone and the basin axis trend northwest beneath the 
continental she l f .  

Yakataga segment s t r u c t u r e  

I n  contrast t o  the relatively undefomd strata of the Yakutat s e p n t ,  
s trata  of the Yakataga segment are deformed by northeast trending, broad, open 
folds end associated thrust  f a u l t s  (Figs. 4 and 17). This deformation is part 
of a fo ld  and t h r u s t  belt  that extends frm the end of the Fairneather Fault 
a t  the head of Yakutat Bay to the Aleutian trench subduction zone south of 
Kayak Island. Seimicity  indicates that the onshore part of t h i s  bel t  is 
current ly  accmdeting much of Pacific-North h e r i c a  plate motion (Perez end 
Jacob, 1980; Lahr and Plafker  , 1980). What is less clear i s how much mot ion 
has been eccamdated along the offshore part of the belt. Thus, the structure 
of the Yekataga segment is an inportant elenent in determining the movement 
and tectonic history of the Yakutat block. 

Offshore geolwy 

The Cenozoic section of the Yakutet segment i s  a lso  present beneath the 
Yakataga segment. The l a t e  Miocene and younger section (post-horizonD 
strata) increases s i g n i f i c a n t l y  in thickness west of icy b y .  Structural 
contours on horizon C (Fig. 17; f r m  Bruns and Schwab, 1983) show a mxirnun 
depth to the horizon of about 3 lan south of Icy Bay, but up to  5 lan between 
Icy Bay and Kayak Is land.  This thick sedimentary section obscures seismic 
reflectors f r m  beneath horizon C, and neither horizon D or seismic reflectors 
fran below horizon D can be accurately mapped beneath t h e  Yakataga segment. 

However, other data show that the Paleogene strata of the Yakutat segment 
are continuous beneath the Yakataga segment. Strata of Paleogene age were 
senpled a t  the b o t t m s  of at least  five exploratory wells (Herrera, 1978; 
Jones, 1979), and were recovered in one dredge haul frun t h e  continental slope 
(Plafker and others, 1979). Seimic refraction and reflection data show that 
the thick Paleogene strata of the Yakutat sepent are present adjacent to the 
eastermst folds of the Yakataga s e p n t  south  of icy Bay (see previous  
section; also Bayer and others, 1978; Bruns, 1983b). These rocks certa in ly  
continue beneath the  f o l d  belt of the Yakataga segment, and were scnpled i n  
the exploratory wells i n  the adjacent folds. Also, mgnetic data (next 





section) show that the Slope a n m l y ,  and therefore its associated source 
body, are continuous frm the Yakutet segment through t h e  Yekataga segment. 

The Paleogene sedimentary section thins frm east to west, f r a n  about 4 
to 5 lun thick south of icy Bay to  1 to 2 lam t h i c k  near Kayak island. Magnetic 
modeling and refraction data near Kayak Island indicate  a 5 t o  7 depth t o  
the basalt source body of the Slope encmsly (next section). The Neogene and 
Quaternary s t r a t a  i n  the area are e t  least 4 lan t h i c k  i n  exploratory wells, 
and strata of Paleogene age were not reached, The seismic reflection data 
also indicate about 4 to  5 of post-Paleogene s t r a t a  a re  present 
(approximetely t h e  depth to  horizon D; Figs. 18-21). Thus ,  the Paleogene 
section is only  about 1 to 2 kn thick i n  t h i s  area. This westward thinning is  
i n  marked contrast t o  the onshore Paleogene section, which  thickens westward 
f r a n  about 1.5 h near Yakutat Bay t o  6 t o  7.5 Ian t h i c k  north of Kayak Island 
(Plafker, 1971) 

S h e l f  structure. 

The s t r a t a  of t h e  Yakataga shelf are deformed into nvnerous, 
discontinuous broad folds bounded on the seaward s ide  by high-angle, landward 
dipping thrust faults  (Figs. 17-21; Bruns and Schwab, 1983). The wid th  of 
individual structures ranges fran about 4 to 15 kn, and closure is present 
along s t r i k e  for distances of 15 t o  40 kn. Dips on t h e  flanks of the  
anticlines are c m n l y  less than 15', but locally reach 30' or more. On the 
mapped sei mi c hor izons, m x i m m  verti cel offset on the bounding thrust f aul t s  
is as  much as 2500 m, but i s  more c m n l y  between 500 and 1 O O O  m, 
significantly less than i s  seen on mejor faults  of t h e  adjacent onshore 
area. Vertical offset on these faults curtmnly dies  out along s t r i k e ,  either 
t e n i n a t i n g  or showing only sl ight  offset ( less  than about 100 m) i n  between 
major ant ic l ines .  Many of the structures show truncation of s t r a t a  a t  t h e  
crest of t h e  ant ic l ine  either a t  t h e  seafloor ( l i ne  406, Fig. 18) or i n  t h e  
subsurface ( l i n e  409, Fig. 18).  The everage trend of the Yakatage folds i s  
about N. 65' E. (Bruns, 1979; Bruns and Schwab, 1983). 

The shelf  d e f o m t i o n  occurred i n  Pliocene and younger t ime, and mybe 
largely during la test  Pliocene or Pleistocene time (Bruns and Schwab, 1983). 
The earl iest  deformation observed i n  t h e  seismic data occurs a t  about horizon 
C time, or about middle t o  l a t e  Pliocene time. Stra ta  below horizon C are 
conformable, w i t h  no seismic evidence for m j o r  unconformities or structural 
grtrwth below horizon C, or for truncation of s t r a t a  a t  horizon C. Instead,  
post-horizon C s t r a t a  onlap the horizon, and indicate the i n i t i a l  deformtion 
of the Yakataga s e p n t  s t r a t a  (lines 412 end 414, Figs. 19 and 2 0 ) .  
Deformation of the s e p n t  has continued to  the present, as  indicated by 
uplift and truncation of even the youngest shelf s t r a t a  a t  t h e  seafloor ( l ines  
406, 412, 414, Figs. 18-20).  

Kayak Island and i t s  offshore extension, the Kayak zone, form a major 
structural boundary t o  the shelf s t ra ta .  Seismic reflectors are abruptly 
terminated a t  the Kayak zone (line 417,  F i g .  211, and e seismic horizon west 
of Kayak Island, horizon M2 (discussed later) and epproximetely age-equivalent 
t o  horizon D, outcrops at the seafloor. On l i n e  417, horizon D l ies at  a 
depth of 6 to 7 kn. Therefore total vertical re l ief  of equivalent age s t r a t a  
across t h e  Kayak zone mst be i n  excess of 6 t o  7 lan, signif icantly greater 
than anywhere on t h e  Yakataga segment (Bruns and Schwab, 1983). 
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Figure 18. Interpreted seisnic sections for Iines 406 end 409 w i t h  true-scale depth sections, 
Yakataga s e w n t .  Horizon C corresponds t o  mapped horimn of Figure 17. Horizons A and B 
are about middle Pleistocene and latest Pliocene respectively (Fig.  7);  m p s  of these 
~ O F ~ Z O ~ S  are shown i n  Bruns and Schrvab (1983) .  Horizon D is at the  base, of t h e  l a te  Miocene 
and younger Yekataga Formation {Fig. 7 ) -  Location of l lnes  shown in Fjgirre 17, V.E. a t  
seafloor 5:l. 
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Figure 19. Interpreted selsnic sections for lines 412 and 949, Yakataga s q p n t .  Horizons U2 
is an unconfomlty w i t h i n  t h e  section and is drscussed in Bruns and Schwab (1983); other 
horizons as discussed i n  Figs. 7, 18 and text. Location of lines s h m  i n  Figure 17. V.E. 
at  seallaor 5 : l .  ! 

b 
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Figure 20. Interpreted seimic sections for l ines  414 and 922, Yakataga s q p n t .  Horizons U1 
and U2 are unconfomi ties wi t h i n  the sect lan and ere discussed In  Bruns and S c h b  (1983); 
horizons A1 andA3 are base of Pleistocene strata and oceanic basalt respectively; other 
horizons es discussed i n  Flgs. 7, 18 and text. Location of lines sham i n  Flgure 17. V.E. 
at  seafloor 5: l  for l ine  414 and 6.7:1 for l i n e  922, 



, t o  KM , o f f ~ e t  SECTION 926 

Figure 21. Interpreted seimic sections for lines 417 and 926, Yakataga segment. Horizons as 
i n  Figs. 7,  18-20, and discussed i n  text .  Location of lines shown in Figure 17. V.E. at  
seafloor 5:1, 



Slope and base-of-slope structure 

The structural continuations of the shelf folds trend obliquely across 
the slope. These structures often have pronounced bethymetric expression, as 
for exmple at P q l o n a  Spur and Khi trov Ridge (Figs. 17-21; Atwood and 
others, 1981 ; Bruns and Schwab, 1983). 

Prrrplons Spur, a 25 h long, 650 m high ridge south of Cepe Yakatsga, i s  
underlain by e tightly f o lded ,  corplex ant i c l ine .  The rmjor b a t h p t r i c  
expression o f  the ridge dies out abruptly ,  but the structural trend of  
Ptmplona Spur continues t o  the southwest along di scont inuous ,  splaying 
anticlines (Fig .  17, and l i n e  949, Fig. 19). These anticlines are more open 
and gently deformed than beneath Pmplona Spur. Defomtion  of  these 
anticlines is highly variable ,  ss seisnic data shows ant ic l ines  along the s m  
structural  splay m y  d i e  out or show e marked change in total re1 ief between 
seisnic l ines about 10 lan apart. The structures within these splays are 
young, and deformmiddle  and l a te  Pleistocene strata (post-horizon I3 
s t r a t a ) .  The more landward structures are currently surrounded end buried or 
partly buried by sediment prograding across the continental shelf and slope 
(1  ine 923, Fig. 14 and l i n e  949 ,  Fig. 19). 

The largest of the  slope structures underlays a major bathymetric h i g h ,  
Khi trov Ridge, at the lower slope south of Kayak Is land (F ig .  17 and lines 922 
and 926,  Figs. 20, 21). Khitrov Ridge is about 70 lon long by 12 k m w i d e ,  w i t h  
t o t a l  relief above the adjacent seefloor of up to 2200m (Atwood and others, 
1981). The ridge dies out to the northeast end southwest both as e major 
structural fold and as a bathymetric feature. The structure is a l a te  
Quaternary feature, affecting even the youngest sediment on the flanks of t h e  
a n t i c l i n e  and i n  Khi trov  Basin, the b e t h p t r i c  low and structural syncline 
north of the ridge. Seismic reflectors frcm the adjacent abyssal section can 
be traced into or beneeth the fold (lines 922 end 926, Figs. 20, 21) ,  and 
oceanic magnetic anamlies are continuous beneath the f o l d  (discussed later; 
Schwab and others, 1980). The Khitrov Ridge structure is most likely 
underlain by uplifted, folded oceanic strata. 

Landward of the ridge is e zone of ccnplex faulting and folding that 
underlies Khitrov Basin and the continental slope north of the basin (lines 
922 and 926, Figs. 20 and 21). D e f o m t i o n  i n  this zone is older than in the 
structure below Khitrov Ridge, since the structural zone is partially buried  
b n e a t h  prograding s h e l f  and s lo  e sedimnts. Both of these zones sf g deformation end abruptly near 59 N., 145'W. where the A l e u t i a n  Trench turns 
northeast along the base of Khi trov Ridge. 

Seauential develomnt o f  folds 

The seisnic data and the mapped seisnic horizons show sequential 
developnent of the Yakataga segment folds, with earliest deformation to the 
northwest and youngest to the southeast (Fig. 22; Rogers, 1977; Bruns, 1979; 
Bruns and Schwab, 1983). 

The oldest structures, developed during about late Pliocene to early 
Pleistocene time i n c l t l d e  the landwardmost structures of the shelf (Fig. 
2 2 ) .  On these structures, seisnic mapping and seisnic stratigraphic analysis 
(Bruns and Schwab, 1983), shows that i n i t i a l  growth began about horizon C 



Figure 22. Generalized correlation of structural trends that developed during about the s m  
time period, characterized as ear ly ,  i n t e m d i a t e ,  or l a t e  structural growth. Overall 
pattern shows a south-southeastward s h i f t  of structural grarvth over time f r m  oldest to 
youngest structures. Arrows indicate zones where a significant change i n  s t r i k e  or age of 
structural trends occurs, Nunbets on anticlines refer to a more detailed discussion i n  
Bruns and S c h b  (1983), 



(middle  Pliocene to earliest Pleistocene) t ime,  and was follawed by subsidence 
after horizon B (early to middle Pleistocene) time and renewed, more gentle 
uplift after h o r i z o n A  (late Pleistocene) time. This sequence of events is 
best illustrated on line 412 (Fig. 1 9 ) ,  and is also seen on l ine 414 (Fig. 
2 0 ) ,  where pre-horizon C strata ere significantly more d e f o m d  than the 
overlying strata, B C  strata onlep the C horizon, A-B strats are deposited 
over the anticline, and post-A u p l i f t  has gently bowed up the anticline. 

Early and middle Pleistocene defomt ion  (B-A time) includes d e v e l o p n t  
of anticlines in the central part of the shelf (as for example, the two 
seaward anticlines on l i n e  409, Fig.  18) ,  and the zone of faulting and folding 
beneath the slope and basin north of Khitrov Ridge (Fig. 22,  end l ine s  922 and 
926, Figs. 20 and 21). Strate a t  the crest of the shelf enticlines are 
truncated at horizon A, and buried by up t o  2 hn of gently dipping,  post- 
horizonA strata. S i m i l a r l y ,  the slope structural zone is partly covered by 
undefomed post-horizon A strata (lines 922 and 926, Figs. 20 and 21, and the 
westermst anticline on line 949, Fig. 19). 

The youngest d e f o m t  ion, developed during 1 ate  PI ei s tocene and Holocene 
time (post-horizon A time), occurred on the large shelf enticline southwest of 
Icy Bey (seaward a n t i c l i n e  on line 406, Fig. 18), on Parplona Spur and its 
structural splays across the continental slope, and on Khitrov Ridge. These 
structures all deform even the youngest strata of the shelf and slope. 

Although the general pattern i s  clear, the growth patterns on indiv idual  
anticlines are canplex in detail, as for exrrrple on lines 412 end 414 (Figs. 
19 and 20) where unconformities are developed between the mpped horizons. 

The observed  d e f o m t i o n  has occurred as a continuous, rather than an 
episodic, process during late Pliocene end younger time (Bruns and Schwab, 
1983). For exmrple, on l i n e  409 (Fig. 18) ,  early  d e f o m t i o n  on the  landward 
structure ceased prior to horizon B time, and truncation occurred within the 
upper part of the C-B s trate  (dashed line between horizons C end B). Grwth 
on the center anticline began scmewhat before horizon B time, as indiceted by 
thinning in the C-B sequence, and continued through horizon A time, as 
indicated by truncation of B-A strata at horizon A. Growth on the seawarb 
a n t i c l i n e  occurred primarily a f t e r  horizon B time, with thinning in the B-A 
sequence, and continued until just  after horizon A time, d m n s t r a t e d  by 
bowing of the A horizon over the anticline. By horizon A time, major grcwth 
was beginning on the seaward anticline on line 406 (Fig. 18). Other lines 
exh i bi t s imi 1 ar features (Bruns end Schwab, 1983 ) . Thus, continuous grmth 
occurred within the Yakataga segment during postmiddle Pliocene time. 
Canpression across the margin, and the tectonic process causing t h i s  
ccmpress ion,  must also have been cont i nuous during that time. 

Structural shortening 

The m u n t  of structural shortening across the Yakaiaga s-nt folds is 
a measure of how much Yakutat block-North lvnerica or Pacific-North America 
convergence is taken up along thrusts within the block. The m i n i m  m u n t  of 
shortening cen be determined f r u n  the mpped seisnic horizons. H w e v e r ,  the 
rmxirmm shortening cannot be detemined, since significant i&rication could 
have occurred on the thrust faults bounding the structures, and not be 
resolvable on the seimic data,  



For the shelf structures, shortening on horizon C is abut 2 hi due to  
fo ld ing  end about 4 Ian allowing for m x i m m  dip on the faults at horizon C, 
where dip is constrained by well-defined seisnic reflectors an e i t h e r  side of 
the f a u l t s .  The m u n t  of shortening on the  slope structures is less clear. 
Neither the positions of the mapped seisnic horizons or the m u n t - o f  
imbrication on the bounding feults can be accurately determined. For lines 
922 end 926 (Figs. 18 end 191, 1 estimte that at least 3 t o  6 kn of 
shortening has occurred in the folds, based on the d i p  of observed seismic 
reflectors and on allmingmximun d ip  on the bounding f e u l t s .  Thus, within 
t h e  resolution of the seismic data, shortening across the Yakstega segment 
f o ld  belt i s  at least 10 h, or about 10 percent, since horizon C, or middle 
to late Pliocene, time. 

The meximun m u n t  of shortening offshore may not be much greeter than 10 
h. Magnetic modeling (next section) end refraction data (Bayer and others, 
1978) indicate that the Paleogene source rocks for the magnetic Slope a n m l y  
lie et a depth of around 5 to 7 Ian south of Kayak I s land .  Severe imbrication 
of these rocks would lead to disruption of the magnetic a n m l y  form or trend; 
such disruption is not observed. Therefore, a detactmnt thrust underlying 
these structures would l i e  above the Slope ancmaly source rocks. Major (tens 
of kilaneters) imbrication along such a thrust would cause thickening of the 
sedimentary section. Erosion of these thickened strata would then be 
necessary to maintain the observed strata thickness. Although n w r o u s  
unconformities are present in the sedimentary section, on ly  at  the crests of  
s m  anticlines have great thicknesses (1  to 2 kn) of strata been r m v e d  by 
erosion. Therefore, major irrbrication or underthrusting on the offshore 
thrust f a u l t s  seem unlikely. 

Tectonic irrplications 

The structural style  of the Yakataga segment is that of a decollanent 
fo ld  and thrust bel t  (Fig. 23). This fold belt has resul ted frm the 
continuous southeastward propagation of an evolving defomtion front during 
at least  Pliocene and Quaternary time. I i n f e r  that a decollenent l i e s  above 
a basaltic basment, where magnetic date i n d i c a t e  the continuity of the 
Yakutat segment basalts beneath the Yakatage segment (next section). The 
spacing of the faults ,  the m u n t  of offset and i&ricetion on the fau l t s ,  and 
the degree of deformation of s t r a t a  between the fau l t s  all increase f r a n  south 
to north across the basin. The m a x i m  defomtion occurs adjacent to the  
CXlugach-Saint E l i a s  fault and along the Kayak zone. I n  t h e s e  areas, Yakutat 
block strata are thrust beneath and juxtaposed against  Chugach terrane and 
Orca Group rocks respectively, which have s i g n i f i c a n t l y  d i f f e r i n g  ages and 
geologic histories. 

The Yakatega sepent  deformation reflects at least  two p r o c e s s e s .  First, 
the overthrusting requires convergence between the Yakutat block and southern 
Alaska. Second, the depositional history of the Yakutat block has been 
favorable for creating overpressure within the sedimentary sequence covering 
the block. A thick Paleogene and early Miocene section has been rapidly  
covered by t h i c k ,  impermeable mudstones of t h e  l a t e  Miocene and younger 
Yakataga Fomtion. Thus, pore water cannot easily m v e  out of the formation, 
and overpressure within the Paleogene section or within sandstones of the 
Yakataga F o m t i o n  provides zones of weakness along which thrust feults  can 
propagate. Indeed, in wells drilled in the Yakataga segment folds, both 



Figure 23. Sch-tic diagrm of the deformation s ty l e  across the Yakataga segment of the 
Yakutat block. Deformat f on results frun seaward propagating thrust faul t s  as the Yakutat 
block moves towards and subducts b n e a t b  southern Alaska. The fold and thrust belt is 
likely underlain by a decollmnt surface w i t h i n  s t r a t a  overlying Paleocene and Eocene 
oceanic basalt. The degree of faulting and deformation increases f r m  south t o  north, 
reaching a m x i m  adjacent to the Chugach-Saint Etias fault.  The earliest developed shelf 
anticlines are covered by u n d e f o m d  strata of Pleistocene age, as is the Transition fault 
at t h e  base of the  continental slope. Thickness of offshore sedimentary rocks, basalt, and 
Z w e r  crust are based on seimic mapping, seismic refraction data, and gravity and mgnetic 
Wel ing;  section corresponds to cross-section 8-8' of Figs. 25 and 29. a s h o r e  structure 
and sediment thickness is based on cross-section of Mille~ (1971) which extends north frun 
Cepe Yakataga. Pasition of subducted slab i s  based on depth of Wrangell Benioff zone of 
Stephens and others (1984) and on position of active volcanoes of the Wrmgell Mountains. 
Diagram is s i m i l a r  to structural s ty l e  inferred by Stoneley (1967) and Perez and Jacob 
(1980).  The m i n  difference Erun the cross-section of Perez and Jacob (1980) is that the 
Yakutat block is mvlng with the Pacific p l a t e  rather than being underthrust by I t .  
Abbreviations as in Fig. 4 and Y-Yakataga Formetion; P-Poul Creek Formation; K-Kulthieth 
F o m  t ion; WEF-Chugach Sa i n t El i as Faul t ; e-Contac t Faul t ; BRFjSorder Ranges Faul t ; TF- 
Transi t f on Faul t .  



a b n o m l l y  h i g h  pore pressures and high northwest-southeast horizontal earth 
stresses were measured ( H o t t m n  and others, 1 9 1 9 ) .  

The fold and thrust belt has developed within strata of the Yakutat black 
as a result of collision of the Yakutat block and southern Alaska.. This is 
indicated by three considerations. First, the structure of the Transition 
fault along the Yakutat s e w n t  indicates the Yakutat block has moved w i t h  the 
Pacific plate  for Pliocene and Quaternary time. Second ,  the average strike of 
structures wi thin the Yakataga s e p n t  , about N. 65' E. (Bruns and Schwab, 
1983),  i s  a l m s t  perpendicular t o  the convergence direction between the  
Pac i f i c  and North  America  plates,  suggesting t h i s  convergence is the cause of 
the deformation. Third ,  the structures have developed a l o n g  the northwest 
part of the Yakutat b lock ,  the zone of maximun convergence between the block 
and southern Alaska as the block moves northwest w i t h  the Pacific plate  (Fig. 
4 ) .  To the southwest, convergence i s  largely accmdated by s t r i k e - s l i p  
faulting along the Fairweather Fault. Thus, deformation of the Yakataga 
segment is a result of thrusting within strata of the Yakutet block as the 
block moves w i t h  the P a c i f i c  pla te  tmvards ,  and subducts beneath, southern 
Alaska (Fig. 23). 

Magnetic and gravi ty  data 

l nterpretat ion of mgnet i c end gravi t y  data adds more i n f o m t  ion about 
the seaward l i m i t  of the Yakutat block, t h e  character of the transition fron 
oceanic crust to Yakutat block crust at the Transition f a u l t ,  and the 
character of the Yakutat block basement and lwer crust. Themagnetic data 
indicate that the Yakutat block is a continuous geologic terrane, and suggest 
the block lies in the subducted plate between Kayak l s land  and the Kenai 
Peninsula. 

Magnetic data--the Slope ancmaly. 

Magnetic anamlies in the northern Gulf of Alaska are divisable into two 
distinct types separated by e linear mgnetic high (F ig .  24; Naugler and 
Wagmn, 1973; Taylor end O'Neill, 1978; Schwab and others, 1980).  The 
northern group is characterized by low q l i t u d e  anomalies and i s  associated 
with the continental s h e l f .  The southern anamlies are oceanicmagnetic 
anamlies 7 through 20, ranging in  age frcm 25 ny  (ananaly 7 )  on the east off 
Fairweather Ground t o  46 my (ancmaly 20) on the west (Naugler and Wageman, 
1973; LaBrecque and others, 1977; Schwab and others,  1980). The three western 
s n m l i e s  ( a n m l i e s  18 through 20) have been subducted w i t h  the Pacific plate 
beneath the continental margin west of Kayak I s l a n d  (Schwab and others, 1980). 

The two a n m l y  patterns are separated by a linear magnetic high, the 
Slope ancmaly, which trends northwest over the continental shelf and upper 
slope for approximately 330 lon frm south of Yakutat Bay to Kayak Island, and 
continues westward a t  least 160 h across the continental shelf to Montague 
Island and possibly 220 bn to the Kenai Peninsula (F ig .  24) .  The western part 
of the Slope anumly, as well as the adjacent, subducted oceanic sncmalies, 
are characterized by significantly lower crrplitudes (more than 100 nT 1wer) 
than are seen to the  east.  

The Slope anamaly is disrupted at its intersections with the Imv 
~lplitude continental shelf ananalies along the s e p n t  from Fairweather 





Ground to Kayak Island. The shelf anomalies do not correspond to late 
Cenozoic structures (Miocene and younger), but are associated, at least in 
part, with structural breaks in the underlying rocks. Thus, the source body 
for t h e  Slope ancmaly is of pre- la te  Cenozoic age, and is w i t h i n  rocks of the 
continental shelf and slope (Schwab and others, 1979, 1980; Bruns hnd others, 
1979) The source body is almost certainly t h e  basalt sequence sarpled at t h e  
continental slope by Plafker and others (1980) .  

I f  the Yakutat block h a s  been mving w i t h  t h e  P a c i f i c  plate during 
Pliocene and Quaternary t ime, as suggested by the seismic reflection data 
interpretation, then the source rocks for the Slope e n m l y  should be in t h e  
subducting p l a t e  west of Kayak Island. The equal attenuation of t h e  Slope 
anamly and the adjacent subducted oceanic ancnurlies suggests that this is 
indeed the case. At the current Pacific-North America convergence rate (6 
d y r ) ,  the observed 220 lun of subduction required 3.7 m.y. (Bruns and others, 
1979; Schwab and others, 1979, 1980) 

Magnetic models. 

Modeling of the Slope ancmely shows that the anamely most likely arises 
frun a significant increase i n  the  thickness of source rocks at the Transition 
fault relative to the a d j a c e n t  ocean plate rocks. 

Magnetic mdels of the Slope a n m l y  were constructed along four cross- 
sections, A-A' through D-Dt from east to west, respectively (Fig. 2 4 ) .  The 
eastern two cross-sections lie on the Yakutat block; the western two on the 
Middleton segment, west  of Kayak Island, over the  attenuated part of the 
a n m l y .  Locations were chosen to avoidmajor areas of disruption of the 
ancmaly, and, for the two eastern models, to lie near refraction prof i les  
(Bayer and others, 1978)  and seismic reflection profiles that provide good 
subsurface control. 

Models east of Kayak Island provide information on the possible shape and 
thickness of the source rocks. Models west of Kayak I s l a n d  indicate that the 
source rocks can lie i n  the suWucted p l a t e .  

Assmptjons. bgnetization is a s s m d  t o  be induced; no data are 
available on whether a remnant magnetization is present i n  the source bodies. 

The magnetic susceptibility for the Pacific pla te  basalts is a s s m d  to 
be .005, a value that is typical  for oceanic basalts. The magnetic 
suscept ib i l i ty  of the Yakutat block basalts is essuned to be .0055, the 
mxirmm value masured on the basalts dredged along the continental slope 
(Plafker  and others, 1980) .  The value of ,0055 is higher than t h e  average 
measured value of about .003, but reasonable i f  the  s u s c e p t i b i l i t y  of the 
dredged basalts is assuned to be reduced by weathering a t  the  continental 
slope. With a regional f i e l d  of 0.54 Oe, the a s s m d  susceptibilies give 
magnetizations of .0027 mu/cc end ,003 mu/cc for oceanic and Yakutat block 
basal ts respect i vely.  

A seaward-decreasing regional gradient was v i sua l ly  determined for each 
area franmagnetic a n m l y  prof i les .  For cross-sections A-A' and B-B',  the 
average regional gradient  is 1 . 5  n T / b ,  and for C-Cq end D-Dv, 0.8 nT/lon. The 
effect of r m v i n g  the regional gradient is that the Slope anomaly source body 



thins landward; otherwise, the body meintains about the s m  thickness as a t  
the Trans i t ion  f a u l t .  

Refraction data of Bayer and others (1378) provide control on the depth 
to the probable Slope ancmaly source body. Refraction l ines E and.H, west of 
section B-B' (F ig .  24)  show a lan&ard dipping body w i t h  velocities of greater 
than 5 Ws l y i n g  a t  a depth of 5 to  7 km (Fig. 25). This body overlays a 7 
b d s  layer at  s depth of about 11 h. The 6 km thick, 5 k n / s  body is assuned 
to be the source body, as such a velocity is typical  of besalts .  This body is 
projected onto section 8-Bt (Fig. 25). 

Refraction data over section A-A' (Fig. 24) do not show a 5 Ws body, 
but show a lendward-dipping layer of 7 l u d s  e t  a depth of 6.5 to  10 h (Beyer 
and others, 1978; Yon Huene and others, 1979). 1 assune that a thin ( 2  to 3 
h t h i c k ) ,  5 k d s  layer is present, since dredged rocks f r m  the slope 
included b a s a l t s .  The layer m y  be too t h i n  to  be observed in the refraction 
data, possibly because the shot interval was too wide to adequately define 
f i r s t  arrivals for t h e  leyer. I essnue that themagnetic source body top l i e s  
at or near the 7 W s  layer; the depth to the top is consistent with the 
acoustic besment seen on seisnic r e f l e c t i o n  data over the continental slope 
and outer she l f .  

For cross-sections A-A' end B-B', the  depth t o  the oceanic basalt 
adjacent to the  T r a n s i t i o n  fault  is controlled by seisnic reflection data. 

No refraction data ere ava i lab le  over cross-sections C C t  and D-D', and 
there are no constraints on the depth to or thickness of the  Slope a n a m l y  
source rocks. For these cross-sections, a model s i m i l a r  t o  B-B' is assuned, 
and the depth changed to provide en est imte of whether the source body can 
lie in the subducted p l a t e .  

The models assune that the source bodies ere two-dimensional, Modeling 
was performed with e progrm written by Saltus and Blakely (1983). 

Results. Modeling on cross-sections A-A' and B-Bv shows that the Slope 
a n m l y  is due to greatly increased thickness of magnetic rocks north of the 
Transition fault re la t ive  to those south of the f a u l t ,  

Models for cross-sections A-A' and B-B1 (Fig .  25) show an anmly-causing 
body 4 t o  6 h thick at the Transition fault that dips and thins lenchard. 
Ocean p l a t e  rocks t h i c k e n  s l i g h t l y  towards the f a u l t ,  to about 1 . 5  h thick. 
The upper boundary of the Slope a n m l y  source body is consistent with the 
depth to the continental slope Eocene baselts as s h m  by dredge, refraction, 
and seisnic reflection data. On cross-section B-B', the thickness of the 
mdeled  layer is a l s o  consistent w i t h  the thickness of the 5.5 k n / s  layer seen 
in refraction data. Therefore, with the stated assmptions, the Slope anumly 
is caused by an approximetely 4 t o  6 hn t h i c k  baselt leyer that is juxtaposed 
against a 1.5 km thick oceanic basalt layer at the Transition fault. 

The Transition fault extends landward in e 6 t o  10 h wide fault zone 
along at  least part  of the mergin. The position of the fault determined by 
seisnic reflection data does not coincide everywhere with the baselt thickness 
change required by magnetic modeling of the Slope ancmaly. East of about 59' 
N., 141' 30' W. (Fig. 151, the positions determined by the two methods are the 
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sene. West of this position, the Slope ananely transition occurs  about 6 to 
10 ion landward of the seismically mapped position of the Transition fau l t  
(Fig. 251, with mgnetic modeling indicating a thin or low susceptibility 
mgnetic layer underlying the area between the two positions. This  area also 
correlates to the zone where no reflections are seen on the seianie reflection 
records (see line 404,  Fig. 1 4 ) .  This 6 t o  10 lan wide zone could be an area 
of deformation associated with tectonisn along the Transition fault. 

SuMuction of the Slove encmalv 

Interpretations of seismic reflection data across the Transition fau l t  
suggest that the Yakutat block and the Paci f ic  plate have been locked during 
Pliocene and Quaternary time and subducting along the Kayak zone. Thus, the 
Slope anorvlly source rocks would lie in the subducted pla te  west o f  Kayak 
Is land.  The attenuation of both the Slope a n m l y  and the oceanic enmalies 
also suggests subduction. Therefore cross-sections C-Cf end DD' provide e 
test of whether the Slope ancmaly can l i e  i n  the subducting p l a t e .  

Models similar to B-Bf were calculated for various depths, t o  match the 
mgnetic anmalies on cross-sections CC' andD-Dv. The range of depths for 
which m d e l  f i t s  can be obtained is large; the  main requirment w i t h  
i n c r e a s i n g  depth i s  a greater thickness for the Slope anonaly source body. 
For a rmximun thickness of 6 h, as modeled on cross-section B-B', the upper 
boundary for models on C C v  and D D v  would l i e  at a depth of 6 t o  7 MI. I f  
the maximum thickness is allowed to increase s l i g h t l y  to 7 to 8 h, then the 
top of the source body can lie at  e depth of about 9 km; these models are 
s h w n  in Fig. 26. Since both the thickness end susceptibility of the Slope 
anamaly source body can be variable, a d d i t i o n a l  infomtion, frcm seisnic 
refraction or reflection data is necessary to determine the actual depth to 
the a n m l y  causing body. The rmin point of the models on cross-sections C- 
C' and DD' is to determine i f  the source body can lie in the subducting 
plate.  

The determination of whether or not the Slope ancmely is subducted is 
c r i t i c a l l y  dependant on the dip of the subducting plate. The dip of the 
i n i t i a l  150 h of the subducting plate along the northern A l e u t i a n  trench is 
not wel l  determined. The Benioff zone dips gently beneath t h e  shelf  and 
slope, es shown by hypocenter and geologic cross-sections in the area of 
Prince William Sound (Plafker end others, 1982a) and near Kodiak l s land (Von 
Huene and others, 1978, and i n  press). On these cross-sections d i p  changes 
continually northward along the dmgoing plate, but averages 3' to 5' for 275 
lm lanward f r a n  the trench, depending on which hypocenters are used to define 
the dwngoing plate.  Within 50 hn of the trench, the dip of the subducting 
pla te  may be as little as 1' to 2', based on the depth to the downgoing 
oceanic basalt layer on seismic reflection data (Plafker and others, 1982; Von 
Huene and others, 1983) and about 2' based on the depth to a 7 W s  velocity 
layer on seismic refraction data off Kodiak l s l a n d  (Shor end Von Huene, 
1972). Fisher  and others (1983) find deep reflectors on seisnic reflection 
data near Kodiak Is land that could be frun t h e  dmgoing plate; i f  so, the 
average d i p  for 275 kn lancherd of the trench i s  2'. Further t o  the south ,  
the d ip  of the Benioff zone beneath the S h m g i n  Is lands averages 3' for 110 
Im lenrkrerd of the trench (Reyners and Coles, 1982). Thus, reasonable 
estimates of the d i p  of the subducting plate in the vicinity of the Slope 
ancmaly range frcm 2' to 5', but data do not permit a m r e  precise estimte. 
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Figure 26. Magnet!emxkls for crass-rections C€' (top] anQD-DV (bottm) across Middleton 
regmnt; locations s h m  In Figure 24. Observtdrnagnetic m m I y  curve has a regional trmd 
t m v e d ;  n e e  text for discussion, Sbbed blofk corresponds to W e l e d  body. aksh l ines  
mhaw prof eet ion of the top of the 8oYrce M y  modeled on crass-section 8%', arsuning 
subduction nt 2' and 5' angler beginning a t  the Aleutian Trench and the Kayak zone. For 2' 
to  3' dip,  nape t ie  bodies u n  l i e  I n  the subdueled plate.  See text for discussion. 



Using 2' and 5' dip estimetes, the depth to the top of a subducted model 
B-B' magnetic body i s  shwn on cross-sections GC* and D D 1  (Fig. 26). The 
projection assunes subduction begins at the Aleutian trench and along the 
Kayak zone, with depths as determined on model B-Bt ,  and occurs i n  a directior. 
of No 20' W., the Pacific-North America convergence direc t i on  nearLKayak 
Island (Minster and Jordan, 1978). 

A cunparison of the magnetic models for cross-sections C C f  and D D t  with 
t h i s  projection shows that reasonable models for the Slope ancmely source 
rocks can 1 ie within the subducting plate for 2' to 3' dip, but are 
substantially above the subducting plate for dip. The source body could 
l i e  below the 5' d i p  l i n e  only i f  the body had a substantially greater 
susceptibility or weremuch thicker than modeled on cross-section B-Bt.  The 
magnetic models for the Slope anamly are consistent with a source body that 
lies within the subducting plate, but substantially more data are needed to 
determine the actual configuration and depth of the source body. 

Gravity data 

Free air gravity anmalies  (Fig. 27, Burkhard and others, 1980a, b; Bruns 
and others, 1981a, b) are primarily associated with mjor b a t h p t r i c  features 
that obscure the ananaly ccmponent caused by density changes in the underlying 
rocks. Sei mic reflect ion end refract ion data provide control on thickness 
and density of the sedimentary rocks of the shelf  and a t  the base of the 
slope. Thus, gravity modeling can provide constraints on the lower crust and 
m n t l e  of the Yakutst block, and on the density distribution of rock types 
juxtaposed across the Transi t ion faul t . 

The free-air gravity ananalies are characterized by a regional low at  the 
base of the slope, with values as low as about -85 ngal off Failweather Ground 
and the Bering Trough, and a regional high along the  edge of the s h e l f ,  w i t h  
maximum values as high as 137 mgal over Fairweather Ground, decreasing to 
about 75 mgal south of i cy  Bay and Kayak Island. Lanchard of the shelf  edge, 
the free-air gravity field decreases rather uniformly towards the coast to  a 
low of -90 mgal near Dry Bay, about -60 to  -20  ngal f r m y a k u t a t  Bay to  Kayak 
I s land ,  and about -5 mgal west of Kayak Is land.  The m a i n  disruptions to  the 
regional gradients are in the areas of bathymetric highs at Panplona Spur, 
Khitrov Ridge, and Yushin Ridge. 

Gravi ty models. Three gravi ty models were constructed; tw correspond to 
the magnetic cross-sections A-At and B-Bt ,  and the third, E-El, i s  across the - 
margin south of Yakutat Bay (Fig. 27). AS with the magnetic models, seismic 
refraction data (Bayer and others, 1978; Von Huene and others, 1979) end 
reflection profiles (Bruns and Schwab, 1983; Bruns,  1983b and this report) 
provide control on upper layer depths and thicknesses, and on depth to the 
mantle on the ocean p l a t e  (Von Huene and others, 1979). Gravi ty  values tor 
profiles A-Av and E-E' were taken fran shipboard acquired values (and 
correspond to sei sni c sect ions 404 and 403 respectively, Figs. 14 and 1 3 ) ,  and 
for profile B-Bt ,  frmBurkhard and others (1980). The b a s m n t  layer is 
herin considered to be the layer with a velocity of 5.5 Ws and a density of 
2.65 &cc;  the l w e r  crustal layer as having a velocity of 7 h d s  and a 
density of 2.9 gm/cc, end mantle as having e velocity of 8 htds and a density 
of 3 . 3  gm/cc. 



Figure 27. Free-air gravity rmp of the northern Gulf of Alaska frun Burkhard and others (1980a, 
b )  end Bruns and others (19818, b ) .  B a t h p e t t y  fran Atwwd and others (1981) .  Cross 
sections correspond to models shown in Figures 28 and 29. . I 



Assmptions. The modeling asslmes that structures are two-dimensional 
and that the methods of Tslwani and others (1959) can be used to ccnpute the 
gravity anamalies. Densities were obtained frun seismic velocities using the 
Nafe-Drake curve (Ludwig and others, 1970). 1 elso asslme that the free air  
gravity a n m l i e s  are caused by density variations above a uniform: 
canpensation depth of 30 to 40 kn. I f  m n t l e  densities d i f f e r  across the 
Transition f a u l t ,  the density beneath the older Yakutat block would likely be 
slightly greater then beneath the younger Pac i f i c  plate. This would in turn 
require a thicker lwer crustal layer than shwn i n  the models. 

Refraction data of Von Huene end others (1979) provide control on the 
thickness of the besalt layer end the mantle for the oceanic section south of 
Yakutat Bay. At the base of the slope, near cross-section E-ET, oceanic 
basalt (velocity of about 5.5 lads) ranges frun 2.8 to 3.8 lon t h i c k ,  end thins 
seaward to about 1 kn thick, 100 h frm the base of the slope. The lower 
crustal layer (velocity of 7 law's) is between 4.5 and 6.5 lan t h i c k ,  thinning 
t o  3 to 5 km t h i c k  100 lun frm the base of the slope. Based on these date, 
the seaward end of section E-E1 has a besgnent layer about 3.5 h thick, end  
lower crustal layer about 4 kn thick. These values ere esscmd for the 
s e m r d  end of the other two prof i 1 es as we1 1 .  

The oceanic section is the only one on which refraction data define the 
thickness of the lower crustal layer and the depth to the mantle. Thus, the 
seismically determined section at the seaward end of each profile is used as 
the standard reference for each of the gravity models, against which the rest 
of the mdel is balanced. This standard reference also makes the g r a v i t y  
models ccmparable to each other--that i s ,  changes i n  basanent and lower 
crustal layer thickness f r m  mdel to m d e l  are related to the observed 
gravi ty  values and crustal layer thicknesses, and not to an arbitrary datun 
change. I f  the reference section does  vary frmmdel to m d e l ,  hwever, the 
overall  effect is relativelyminor, since any change in thickness of the 
reference section layers can be accmdated by e similar change in the s a n e  
layer in the rest of the model. 

Further  assunptions are line specific. On section A-At, as on the  
mgnetic models, I a s s m  that a 5 I d s  layer ( b a s m n t  layer) is present and 
f u r t h e r  assrme that i t  is 2.5 lan t h i c k .  Since basalts were recovered fran the 
continental slope near the modeled cross-section, t h i s  assurption appears to  
be justified. I f  this layer were a s s m d  to be of lower crustal density 
instead, the crust/mantle boundary would be about 1.2 laTl deeper then i n  the 
mdeE . 

On the lwer slope part of section A-AT, a m l l  gravi ty  h i g h  of about 18 
ngal is present (Figs. 27, 28).  This  high is part of a local ancmaly 
associated with a linear bathymetric ridge that ends about 5 lan west of the 
line. I a s s m  that the local gravity high reflects the subsurface 
continuation of this bathymtr ic  ridge. Therefore, I first present mdels 
that mtch the regional f i e l d ,  and then show mdels  which suggest the  cause of 
the local gravity high ,  

On section B-Bt, the thickness of the basement layer is assuned to  be the 
sane as discussed under the magnetic m d e l  for  this cross-section. 

On section E-E', no refraction data are available for the shelf segment 
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Figure 28. Gravity models on cross sect ion A-A' (corresponding t o  seismic 1 ine 404, Figure 14) ;  
location s h m  In Figure 27. Densi tg in p d c c  shown for each layer Is derived fran 
refract ion and reflection welocities m d  the Nafe-Drake velocity-densi ty curve tLudWig and 
others, 19703. Configurations of layers a b v e  the 2.65 gm/cc b a s a n t  layer are based on 
m p p i n g  on sei mic refleet f on data. Models A and B m t c h  the regional gravity gradient, and 
ignore the local gravity high between 30 and 50 h. Alternatives are model A, a thickened 
bas-nt layer (density = 2.65 g d c c ) ,  or m d e l  B, a thickened lcmer crustal layer (density 
= 2 . 9  grdcr) .  h M e t s  C and D m t c h  the local gravity high end require a near surface high 
density layer in the Transition fault zone. See text  for further  discussion of  models. 



of the model. The b a s a n t  layer is therefore assvned t o  be 3.5 h th ick ,  as 
seen on refraction l ine E-E' of Bayer end others (1978). If a different 
thickness is used, the crust /mntle boundary moves about 0.5 kn shallwer or 
deeper for each kilaneter that the basanent layer is thickened or thinned 
respectively. The basgnent layer on t h i s  cross-section must be atileast 1.5 
kn thick at the shelf edge, as determined by dredging results of Plafker and 
others { 1980). 

Results. Gravity models shavv that the outer shelf  and upper slope of the 
Yakutat block are characterized by a mass deficiency relative to the adjacent 
ocean plate and continental shelf .  The models require either a thickened 
basement layer (density of 2.65 gdcc )  or a thickened i w e r  crustal section 
(density of 2.9 gm/cc). When t h e  gravity models are c m i n e d  with rmgnetic 
models and refraction data, the resulting preferred gravity model has a 
thickened b a s m n t  layer. With the thickened basement layer model, the 
gravity modeling then defines a secondary requirenent t h a t  the lwer crust of 
the Yakutat block thins to the west, changing frm a continental- l ike 
thickness to an oceanic-like thickness fran east to west. 

The geanetry of the upper crustal layers is defined by s e i s m i c  refraction 
and reflection data except along the T r a n s i t i o n  fault .  The rmjor variables in 
the models are therefore the thickness of the lwer  crustal layer be lw  the 
shelf and slope, and the thickness of the basement layer where this thickness 
is not controlled by refraction data, p r i m r i l y  belm the outer shelf and 
slope. 

Modeling on cross-section A-A' (Fig. 28) illustrates t h e  mein requirement 
of amss  deficiency below the outer continental shelf and slope. I f  a 
uniformly t h i c k  basanent layer is a s s w d ,  then the slope is underlain by a 
lmer crustal layer that doubles in thickness fran 10  kn beneath the shelf to 
over 20 h belw the slope (Fig. 28b). Alternatively, if a relatively 
constant thickness lwrer crustal layer, 10 t o  12 kn t h i c k ,  is a s s m d ,  then 
the basenent layer thickens fran 2.5 km belw the shelf to 6 km b e l w  the 
slope (Fig. 28a). A thickened b a s m n t  layer agrees with the magnetic 
modeling, and also agrees w i t h  the refraction thickness of t h i s  layer as found 
by Bayer and others (1978) near Kayak Island. Thus, my preferred 
interpretation is that the basement layer is 2.5 Im thick beneath the shelf, 
and thickens to 6 kn beneath the slope (Fig. 28a). This g e m t r y  for the 
basement layer is a l so  used for models on cross-sections B-B7 and E-Et (Fig. 
29).  

With this preferred model for the basement layer, the gravity models 
require that the  lawer crustal layer below the shelf and slope t h i n s  m r k e d l y  
fran east t o  west.  On model E-E' (Fig. 29) ,  the lmer crustal layer is 15 t o  
17 kn t h i c k  nearshore, minta ins  t h i s  thickness to midshelf, then thins to 11 
kn at the Transition fault .  Hcmever, on model A-A', the layer thins fran 15 
kn near shore to 36 to 12 kn within about 20 kn, and maintains this thickness 
to the Transition fault (Fig. 28a). Onmodel B-Bt, the layer thins even more, 
Iran 14 kn nearshore to 6 kn beneath mch of the shelf and slope (Fig. 29) .  
On model B-B', the thickness of the lawer crustal layer, frun about mid-shelf  
to the Transition fault, is similar to that of the adjacent ocean plate lcwer 
crustal layer. Thus, the the crust of the Yakutat block crust thins westward 
to an oceanic-like thickness. 
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Figure 29. Grawi ty  &el r on cross-sect ions B-Bt (top) and E-Eq (bot tm; corresponding to  
sejsnie section 403, Figure 13) ;  loeatien s h m  i n  Figure 27. Configuretions of lmpers 
above 2.65 d c c  basenent layer are based on mpping on seisnlc reflection data. Density i n  
&cc s h m  far each layer. Structure on sect jon B-Bq fran  Figure IT. 



As previously discussed, seismic reflection data and magnetic data define 
e 6 to  10 b wide fau l t  zone along the transition fault on cross-sections A-A' 
and B-Bt . The gravi ty a n m l y  across this zone can be modeled wi t h  besment 
and lwer crustal thicxnesses similar to those of either the edjacent oceanic 
p la te  o r  the Yakutet block. Dredge data along cross-section A-A' Guggest that 
the outer part of this zone, at Yushin Ridge, is underlain by Yakutat block 
rocks (Plafker and others, 1980). Therefore, I model this zone with layer 
thicknesses s imi lar  to those of the Yakutet block. The mgnetic models, 
however, require a thin or low susceptibility magnetic source body below this 
zone, similar to the ocean plate  source body. Themgnetic and gravity models 
may be ccmpatable if this zone is e fau l t  zone along which the basement layer 
suscept i bi  1 i t i  es have been lwered by weat her ing of fractured and sheared 
rocks. 

The local gravity high between about 27 h and 40 Im on cross-section A- 
A' requires high density rocks near the s u r f a c e  along the fault zone. The 
h igh  does not strictly satisfy the requirements for two-dimensional modeling, 
nor is there sufficient s e i m i c  r e f l e c t i o n  or refraction control to define a 
unique model. Nevertheless, such modeling gives an idea of what subsurface 
rocks must underl ie  the high. llvo alternative models are shwn i n  Fig. 28 .  
In m d e l  28c, the anamaly and associated bsthymtric ridge could be due to an 
upturned section adjacent to the Transition fault that brings basement end 
lower crustal  rocks near the surface; this m d e l  corresponds to an u p l i f t e d  
l w e r  crustal section. Inmodel 28d, theTransition fault is flanked by 
undefomed rocks, and the fault zone is underlain by an uplifted, seaward 
dipping section; this model could correspond to a s l ice  of high density 
material carried in or enplaced along e fault zone. In either case, high 
density b a s m n t  and l w e r  crusta l  rocks must be present  a t  shallw depths to 
match the observed gravity high. 

These models suggest that the 6 to 10 lan wide zone along the Transition 
fault could be underlain by rocks like those of the adjacent Yakutet block 
sections which have been locally uplifted relative to the Yakutat block. The 
sha l low  basanent and laver crustal rocks required by the gravi ty  models are 
not metched by a requirment on the magnetic models for high susceptibility 
rocks. This zone i s  apparently underlain by rocks of higher density and 1wer 
s u s c e p t i b i l i t y  than on either side or elsewhere elong the fault zone. At  
least  i n  t h e  area of cross-section A-Am, the fault zone is characterized by 
rocks in which the susceptibility may have been reduced by weathering of 
f rac tu red  and fau l ted  h i g h  density rocks. The fault zone may be underlain by 
a t h i n ,  fault-bounded crustal s l i v e r  that has been loca l ly  up1 ifted along the 
fault zone, end perhaps m v e d  a l o n g  the fault zone. 

Tectonic inplications of mgnetic  and gravity models 

The magnetic data d e l i n e a t e  both the  seaward edge and the subducted part  
of the Yakutat block, and define the block as a coherent, continuous geologic 
f e a t u r e .  The Slope anonaly is caused by truncation at the Transition fault of 
a thickened volcanic sequence that underlies the outer shelf and slope of the 
Yakutat block. Since the Slope a n m l y  is a linear feature, the source body 
is also  a l inear ,  continuous feature throughout the length of the a n m l y .  
The Slope anomaly source body can lie in the l w e r ,  subducted p l a t e  w e s t  of 
Kayak Island. The transition of the Slope anomaly source body fran the 
continental margin in the Yakutat block to the lower, subducting plate west  of 



Kayak Island occurs i n  the v i c i n i t y  of Keyak Island. Therefore, t h e  Yakutat 
block is subducting along the Kayak zone and extends i n  the  lower plate  to at 
least the Kenai Peninsula. 

With the Yakutat block mving  with the Pacif ic  plate, as suggested by 
structural features along the Transition fault, then, at the present Pacific- 
North knerica convergence rate, subduction of the Slope e n m l y  source body 
would have required a t  leest 2 . 8  my to reach Montague Island, and 3.7 my to 
reach the  Kenei Peninsula (Schwab and others, 1979; Bruns and others, 1979). 
Thus, the observed extent of the Slope a n m l y  indicates that the Yakutat 
block has moved with the Paci f ic  plate for m c h  of Pliocene and Quaternary 
time. 

The Yakutat block m y  be e truncated,  northwest trending Paleogene 
continental mrgin. Gravi ty  models indicate that  the lower crus t  underlying 
the Yakutat block thins to the west, approaching en oceanic thickness. 
Structural  data discussed earlier indicate that the basin rmrgin at the 
h n g e r o u s  River zone and the depositional axis  of the basin both trend 
northwest. The Paleogene section also thins to the west. Thus, the Paleogene 
Yakutat block my have been a continental rmrgin, now trending n o r t h w e s t ,  with 
a cont inenta l  shelf and slope on the northeast along the Dangerous River zone, 
a basin low at  the base of the paleoslope at the Dangerous River zone, and an 
oceanic section t o  the southwest. This northwest trending rmrgin is now 
obliquely truncated by the west-trending Transition fault. 

The Transition fault is a sharp boundary along the eastern part  of the 
Yakutat block, but canprises a 6 to 10 lunwide zone west of about Yakutat 
Valley. Seismic data across t h i s  zone show no coherent reflections. Thus, 
this zone m y  be a fau l t  zone along which rocks have been intensely deformed 
and faulted, with the susceptibility of the rocks reduced by w e a t h e r i n g  d u r i n g  
deformt ion .  At least locally, high density basenent and lower crustal rocks 
have been uplifted along this fault zone, but these rocks have a relatively 
low s u s c e p t i b i l i t y .  Locally, basgnent and lower crustal rocks of the Yakutat 
block my have been u p l i f t e d  end t i l t e d  relative to the Yakutat block. 

'Ihe Middleton segment, the mrgin  segment west of and including the Kayak 
zone, is the offshore part of the convergence boundary between the  Yakutat 
block and southern Alaska (Figs. 4, 30). Further,  the segment includes the 
transition f r a n  the Yakutat block collision zone to the Pacific-North lLnerica 
subduction zone that extends southwest along the Aleutian trench. The 
structure and geologic history of the segment should therefore show where the 
western boundary of the Yakutat block is, and what affects ,  i f  any, the  
Yakutat block col l is ion has on the segment. 

Onshore geology and structure 

The geology of onshore areas bordering the Middleton segment is c r i t i c a l  
t o  defining what rocks underlie the  adjacent offshore area. Montague Island, 
Hinchinbrook Island, rmch of Wingham Island, and the Copper River area west of 
the Ragged Mountain Fault and north of the Chugach-Saint Elias fault (Fig. 3 0 )  
are underlain by the Paleocene and ear ly  Eocene(?) Orca Group and Eocene 
intrusive rocks of the Prince William terrane (Plafker, 1974; Winkler, 1976; 
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Winkler and Plafker, 1981a; Helwig and Brmit, 1901). The Orca Group consists 
of a variably metamorphosed, highly deformed sedimntary and volcanic 
sequence. The thickness of t h e  u n i t  is estimated as mny thousands of meters, 
possibly on the order of 6,000 to 10,000 m. These rocks are interpreted as an 
accreted s u h r i n e  fan ccmplex, Following accretion and defomtion, t h e  Orca 
Group was intruded by granitic plutons  of early Eocene age, thus  dating the 
time of accretion (Winkler and Plafker, 1981a). 

The Wingham Island, Ragged Mountain, end Chugach-Saint Elias faults t o n  
a fundamental boundary along which post4rca Group sedimentary rocks are 
thrust r e l a t i v e l y  beneath and against the older, more carpetant Orca Group 
(Winkler and Plefker, 1981a). The Ragged Mountain fault  has a very shallow 
d ip ,  and the  block west of the fault has been transported at least 6.4 lon to  
the east during the Neogene ( V s d a l e  and others, 1976; Winkler and Plafker, 
19818). The Winghm lsland fault my be an offset continuation of the Ragged 
Mountain fault. The Winghm lsland fault dips steeply at the surface,  but 
becams more shallow at depth .  Horizontal offset along the fault, and 
preslrmbly vertical offset as well, is upwards of several kilaneters, since 
the fault juxtaposes m t m r p h o s e d  rocks of the Orca Group against 
umtamorphosed postarca  rocks (Plafker, 1974; Winkler and Plafker, 1981a). 

Kayak lsland rmrks 8 mjor zone of convergence end s t r u c t u r a l  
shortening. The island is underlain by Oligocene through Miocene c la s t i c  
sedimntary rocks and subordinate intercalated volcanic rocks. These rocks 
strike nor th  to northeastward, and generally dip steeply westward or are 
overturned with tops facing northwest. The sequence shows imbrication into 
narrow slices by displacement on a t  least f ive  large up-to-the-northwest 
reverse faults. Displacement on these faults is not known, but m y  be as rmch 
as 4 .5  lan on the mre inportant faults (Plafker 1974; Winkler and Plafker, 
1 9 8 1 ~ ) .  

Vertical displacement between the rocks of t h e  Yakutet block and those of 
Kayak l s land mst be greater than 6 h. Exploratory wells  east of Kayak 
islend penetrated almost 4 h of Pliocene and younger section ( h t t a n z i ,  
1981), and seismic mpping  suggests at least 6 Ian of section that postdate the 
strata exposed on Keyak lsland (Line 417, Fig.  20; also previous section and 
Bruns and Schwab, 1983). Thus, several fau l t s  of the Kayak zone have vertical 
separation exceeding 4 Ian, Kayak lsland strata are juxtaposed against Wingham 
lsland on a fau l t  with horizontal offset of several kilamters, and all these 
faults are within a zone 10 to  15 l o n w i d e  characterized by intense d e f o m t i o n  
and inbrication. 

On Middleton Island, approximtely 1200 rn of lower Pleistocene mrine 
s t ra ta  of the Yakataga F o m t i o n  are exposed (Plafker and Addicott, 1976). 
T i l t i n g ,  fau l t ing ,  and uplift of t h e  shelf-edge high on which the island is 
located bas occurred during late Pleistocene and continues to the present, as 
indicated by uplifted mrine terraces (Plafker and Rubin, 19781, end u p l i f t  of 
about 4 m during the 1964 Alaska earthquake (Plafker, 1969). 

Tenneco Middleton I s land  well 

A well di:i l led in 1969 near Middleton lsland by Tenneco Oi 1 Co. (Fig. 3 0 )  
provides additional subsurface control on the age of rocks underlying the 
Middleton segmnt. 



Biostratigrephic studies of serrples frm the well (Rau and others, 1977; 
Keller and others, 1984) show that  the lower part of the d r i l l e d  section (3658 
to 890 rn) includes strata frcm late middle Eocene through latest  Oligocene or 
early Miocene age. Foraminifera indicate deposition of these strata occurred 
i n  lower to middle bsthyal water depths (greater than 1500 m). The upper par t  
of the well, shal lower then 700 m, consists of strata of late Miocene to 
Pleistocene age (undifferentiated) deposited in upper bathyal to neritic water 
depths (1000-300 m). A hiatus is present between the early and late Miocene 
strata (Keller and others, 1984) .  

Faunal studies by Keller end others (1983, 1984) also indicate closure of 
at least 10' latitude between the Yekutat block end the Middleton segment 
since Oligocene time. Faunal assmblages f run  the Middleton Island well were 
deposited in significantly cooler water during the Paleogene than the coeval 
Yakutat block assmblages. Correlations to  onshore sections of North Pmerice, 
and paleolatitude determinetions by Keller and others (1983, 1984)  indicate 
that the  oldest s trata  sampled i n  the well ( l a t e  middle Eocene, 40-42 M a ) ,  
were deposited a t  high latitudes, north of 50'f5'. The Middleton Island well 
Paleogene fauna are a significantly cooler water assmblage than fauna in 
equivalent age strata from the Yakutat block, w i t h  an absolute paleolatitude 
of 44%5O. 

Middleton segmnt structure 

The structure of the Middleton segment is characterized by mre tightly 
folded and extensively faulted structures than on the adjacent Yakutat 
block. The mjor  onshore faults of Kayak Island and the Ragged Mountain fault 
can be trsced offshore, indicating that the thrusting observed on these faults 
also  occurs on the shelf. 

Seismic horizons 

The structural configuration of the Middleton s h e l f  (Fig .  30) is shown by 
structure contours on a horizon, the M2 horizon (Figs. 7, 31-33), that is 
correlated on seisnic reflection data to the top of latest Oligocene or early 
Miocene age strata a t  a depth of 890 m in the Middleton Island well. The 1\12 
horizon is mpped on an unconfomity over mch of the shelf (lines 422, 424, 
and 425, Figs. 31-33). This u n c o n f o m i t y  correlates to the early  to late 
Miocene hiatus observed in the w e l l .  Therefore, s trata  above horizon M2 are 
late Miocene and younger, and according to Keller and others (1984) younger 
than about 6.5 m.y. 

The M2 unconformity also m r k s  a change in the character of the basin 
s trata .  Structural deformtion below the unconformity i s ,  a t  least in part ,  
greater than in the overlying section (for exrnple line 422, F i g .  3 1 ) .  
Seismic refraction velocities show an abrupt change f r a n  2.2 to  3 . 2  I d s  above 
the unconfomity  t o  4 . 5  to  4.9 I d s  below the unconfomity (refraction 
velocities shown on l ine  422, F i g .  3 1 ) .  The unconfomity i s  similar to  one 
observed on the Kodiak shelf, which Fisher and Von Wuene (2980) believe to be 
a middle to  l a te  Miocene subaereal unconformity, with Paleogene and lower t o  
middle  Miocene rocks below the unconformity, and gently deformed upper Miocene 
and younger rocks above 'the unconfomity. The section above theM2 
unconfomity is approximately age correlative with the onshore Yakataga 
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Figure 31. Interpreted seimic sections for lines 422 and 424,Middleton segment. V.E. 5: l  a t  
seafloor. Horizon M2 corresponds t o  mapped horizon of Figure 30. Location of refraction 
lines (R11 through R14) indicated at top of line 422; horizontal bars on section indicate 
velocity breaks, and values i n  I d s  ere s h m  below section. See Fig. 30 for location of 
seisnic reflection and refraction lines. 
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Figure 32, Depth section for line 422 (top), flattened on MI horizon Ibottcm). Flattened 
section shows that  most or structural growth has occurred after horizon M1 time, or a f t e r  
about middle Pleistocene t i m e .  
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Formation and w i t h  s trata  above horizon D i n  the  Yakutat and Yakataga segmnts 
(F ig .  7 ) .  

A second horizon, the M1 horizon (Fig. 7 )  is correlated throughout parts 
of the shelf seismic grid (Figs. 31-33) ,  This horizon is in strata of about 
middle to  upper Pleistocene age, based on a tie to the Middleton l s land well, 
and on strike projections that indicate i t  overlies the strata exposed on 
Middleton l s l a n d  (Bruns, 1979). The significance of the horizon (discussed 
below) is that rmch, and perhaps most,  of the defomtion of the shelf strata 
took place a f t e r  horizon MI t ime.  

Shel f  structure 

The mst pruninant structural features of the shelf  are the Middleton 
Island h i g h ,  the offshore extensions of the Kayak lsland s truc tura l  trend end 
the Ragged Mountain fault, a fault or fault zone herein t e m d  the Pinnacle 
fault, and a bas in  cut by n l m r o u s  tightly folded and fau l t ed  anticlines 
(Fig. 3 0 ) .  

Major faul t s  or fault  zones. The offshore extension of the Kayak Island 
structural belt, the Kayak zone, can be traced on seismic reflection data 
southwest across the continental shelf and slope (Fig. 30). On the seismic 
reflection data,  the Kayak zone is characterized as an area where no 
reflectors ere present (for exenple, line 417, Fig. 201, indicat ing  steep dips 
and intense defomtion s i m i l a r  to that mpped on the i s l a n d  (Bruns and 
Schwab, 1983). Based on the geology of Kayak Island (Plafker, 19741, the 
Keyak zone is en area of m j o r  vertical uplift, imbrication, end structural 
shortening. 

The seaward extension of the Ragged Mountain Faul t  trends southwest for 
about 40 h, then turns to a more westerly trend (Fig. 3 0 ) .  The western 
extension of the thrust i s  not well delineated by the seismic data, but my 
merge into the set of north to northeast trending faults east of and para l l e l  
t o  Montague Island,  

Rocks landward of the Ragged Mountain fault are likely equivalent to 
onshore Orca Group rocks. Onshore, the fault separates Orce Group rocks frcm 
post-Orca Group rocks. The seismic acoustic basemnt landward of the offshore 
fault and off Montague and Hinchinbrook Islands is shallow, and refraction 
velocities of the acoustic basgnent are greater than 4 W s ,  i n d i c a t i n g  
indurated rocks. Thus, a 30 to 60 lmwide area seaward of the Copper River ,  
and Hinchinbrook and Montague Islands is likely underlain by Orca Group 
equivalents. 

The offshore Ragged Mountain Faul t  is an area of moderate Neogene 
eastward thrusting. At least 6.4 h of eastward thrusting has occurred 
onshore. The offshore fault extension is characterized by n m r o u s ,  srmll 
anticlines in post-horizon M2 strata (Figs. 30-33). The degree of anticlinal 
d e f o m t i o n  along the fault decreases to the east ,  and the structures are a t  
least part ly  covered by undeforrned post-horizon M2 strata (line 424, Fig. 
31) .  Thus, although some mtion has occurred offshore, the m u n t  of 
d e f o m t  ion observed aloag the faul t suggests that thrust ing is not 
significantly greater than observed onshore, end m y  be less. The Rsgged 
Mountain Fault  is probably not an area of large-scale Pliocene and Qaternary 



thrusting and inlwication. However, the fault could be and probably is an 
area of pre-Pliocene major thrusting. 

The Pinnacle fault is an extensive fault or fault zone beginning near the 
southern tip of Kayak Island and trending northwest to west across'the shelf 
(F ig .  3 0 ) .  This fault juxtaposes over 4 h of Neogene strata (post-horizon M2 
s t ra ta )  on the south side of the fault against seismically non-reflective 
strata on the north s i d e .  This fault merges with the offshore Ragged Mountain 
fau l t  a lmst  40 lm to the w e s t .  

Seismic acoustic basement in the area bounded by the Pinnacle fau l t ,  the 
offshore Ragged Mountain fault, and the Wingham Island fault is shallow (Fig.  
30), and is probably on Orca Group rocks correlative with those exposed on 
Wingham Island. The inferred connection of the RaggedMuuntain fault to the 
Winghm lsland fault would then form the remining boundary of this Orca 
block. This Orca block has been thrust r e l a t i v e l y  eastward of the Ragged 
Mountain f a u l t ,  end form a backstop against which post-Orca rocks of Kayak 
lsland have been deformed and faul ted (Winkler and Plafker, 1981a). 

Basins. The shelf seaward of the probable Orce basement contains deep 
basins disrupted  by nunerous zones of anticlinal defomtion (Fig. 3 0 ) .  

The thickest strata of the shelf are contained in a series of four basins 
below the outer shelf and slope, between the Kayak zone and the ant i c l ines  of 
the central  shel f .  The basins are separated by structural highs, two of which 
are low relief features (seaward anticline, line 422, Fig. 31), and one of 
which forms the Middleton Is land  s h e l f  edge high .  These basins extend below 
the upper slope. 

Jn these basins, seismic reflectors are seen below horizon M2 on the 
seismic data (lines 422, Fig. 31), indicating the presence of stratified rocks 
of Paleogene and early  Miocene age equivalent to those observed in the 
Middleton lsland well. Between the basins and the  areas of shallow acoustic 
basement near Montague and Hinchinbrook Is lands,  these rocks are e i ther  
truncated in the subsurface, or b e c m  mrkedly  more d e f o m d  and indurated,  
and form t h e  acoustic basement. The four basins f o m  a structural  low that is 
r e l a t i v e l y  unaffected by the extrane defomtion of the adjacent Kayak zone. 

The thrust-faulted anticlines of the shelf tend to be asymnetric, with 
mjor bounding faults on the south side of the highs. The crests of the 
anticlines are deeply eroded and truncated at the seafloor, exposing probable 
lower and middle  Tertiary rocks ( p r e w  horizon rocks) at or near the 
seafloor. T h  of the highs form subaereal reefs at Wessels Reef and Fountain 
Rock (Fig .  30). The structures are more tightly folded end feulted than the 
structures on the Yakatage segment (corpare with Figs. 18-21), with nlmerous 
areas at the crests of the anticlines where seismic data do not resolve the 
structure due to steep dips, probably greater than about 30O. 

' h e  anticlines are young, actively growing structures. On ell the 
anticlines, even the shallowst reflectors are d e f o m d  and truncated a t  the 
seafloor. Thinning is present in strata on the flanks of most of the 
structures above horizon M1 (Figs. 31-33), whereas l i t t l e  thinning occurs 
below horizon M1, and in s m  cases, the M 2 m  strata and pre-horizon M2 
strata thicken seaward (seawarmst anticline, line 425, Fig .  3 3 ) .  None of 



the anticlines are covered by undeformed strata .  The strata of the basin 
appears to  have been deformed rapidly end almst sirmltaneously during post- 
horizon M1 time. The m s t  likely time for initiation of u p l i f t  is middle to 
late Pleistocene time, in accord w i t h  the onset of u p l i f t  on Middleton 
Island. Ongoing uplift of Middleton Island, and the presence of reefs on the 
crests of t h e  structures indicates that the uplift process is s t i l l  active. 

Prior to uplift, the shelf strata f o m d  a seaward thickening, relatively 
undeformed basin.  For exenple, flattening on horizon MI on l i n e  422  (Fig.  32)  
shows the configuration of shelf strata prior to uplift. On the flattened 
section, faulting and uplift is present on the Ragged Mountain f a u l t ,  and on 
the  fault at 32 kilometers, but not on the m j o r  s t r u c t u r e  between 45 and 50 
h. For most of late Miocene through early Pleistocene t ime  ( M 2 f l  t i m e ) ,  the 
Middleton segment basin was primrily characterized by subsidence and 
deposition i n  shallow water. 

S l o ~ e  and base-of-slo~e structure 

On a mltichannel line that extends across the slope and the base of the 
slope ( l i n e  425,  Fig. 331, the strata of the slope are relat ively 
u n d e f o m d .  On l ine  425,  the M2 horizon can be traced below the continental 
slope to very near the trench axis (Plafker and others, 1982). Dredge date in 
this area has recovered Paleogene strata that correlates with that from the 
Middleton Island well (Plafker and Bruns, 1982) .  In t h i s  area, the Pacific 
plate-North America plate convergence vector indicates rmjor subduction of the 
P a c i f i c  plate. Yet, on the seismic data, u n d e f o m d  oceanic strata, largely 
of Miocene and younger age, have clearly been underthrust beneath the Eocene 
and younger continental mrgin section along a decollgnent concordant with 
bedding. There is no appreciable sedimnt accretion or rmjor d e f o m t i o n  of 
the overlying strata. 

The s t r u c t u r e  and tectonic s ty l e  seen on l i n e  425 is rmrkedly a n m l o u s  
with respect to the structure seen on all other  seismic lines across the 
Aleutian convergent mrgin. Major deformation has occurred on Khitrov Ridge, 
about 45 h to the n o r t h e a s t ,  and on a single channel seismic l i n e  about 30 km 
to the north. Only 60 Ian to the southwest of l ine 425, mltichannel seismic 
data (R. von Huene and M.A. Fisher,  personal  camunication, 1984) shows the 
tectonic style typical  of the Aleut ian  subduction zone between Middleton 
Island and Kodiak Island. In these areas, the rmrgin is m r k e d  by a highly 
deformed, lower slope accretionary p r i m  (Seeley, 1977; von Huene, 1979; von 
Huene and others, 1979a, 1979b, 1979c, 1983; Fisher and von Huene, 1980; and 
von Huene, in press). 

What might cause this ancmslous tectonic style? One possibility is that 
high pore fluid pressures a t  the subduction zone help to decouple the 
subducting plate f r m  the overriding plate. Von Huene (1984) notes that  
modeling (Davis and others, 1983; Von Huene and Lee, 1983) indicates an early 
increase of pore pressure during subduction, and is s basic reason for both 
sediment subduction and the s t r u c t u r a l  d ivers i ty  observed along ac t ive  
subduction zones. High pore pressure was measured a t  the Barbados Ridge 
deformation front by Moore, Biju-Duval and others (19821, who suggest that 
thrusting of an undefomd, acoustically layered sequence beneath deformed, 
offscraped strata is faci l i tated by the high fluid pressures a t  the structural 
boundary between the tm, u n i t s .  Aubouin, Von Huene and others (1982)  observed 



e l e v a t e d  pore pressures on the Middle h r i c a  Trench off Guatarrtla, and 
suggest the  overpressure helped to explain the non-accretionary character of 
the msrgin along which soft sediment is subducted beneath e m s s  of herd 
ophiolitic rock. Thus, the ancrmlous s t r u c t u r e  observed on line 425, end the 
h i g h  degree of decoupling required, is almost certa in ly  related to high pore 
pressures  w i t h i n  the th ick  sedimentary strata on both the subducting and 
overt i d i n g  p late .  

A problem with using only high pore pressures  to explain the lack of 
defomtion on l i n e  425 is that  other regions along the Aleutian Trench, also 
with  t h i c k  sediment on both the overriding and subducting plate, are not 
similarly effected. A second possible process, unique to the  northern 
Aleutian Trench, is tha t  t h e  passage of the Yakutat block b e n e a t h  the mrgin 
m y  have influenced the structural development of the mrrgin. 

Conceptually, a s  the Yakutat block approaches and passes beneath the 
rmrgin, unconsolidated, deformd lower slope deposits and part of the mre 
rigid shelf and upper slope rocks m y  be tectonically eroded f r a n  the rmrgin 
and carried down the subduction zone w i t h  the subducting Yakutat block. A f t e r  
passage of the block, n o m l  oceanic crust would again enter the subduction 
zone, probably acccnpanied by subsidence of the mrgin as the thick Yakutat 
block strata are removed by continued subduction. 

Line 425 m y  then record t h e  configuration of the mrgin shortly af ter  
passage of the Yakutat block, in this case about 0.5 to 1 m.y. a f t e r  passage, 
based on the position of the Slope a n m l y .  The rmrgin could have been 
tectonically eroded and truncated,  with subsided, re la t ive ly  u n d e f o m d  shelf 
and slope rocks now exposed near the trench.  As subduct ion of n o m l  ocean 
p la te  crust r e s m s ,  a l w e r  slope accretionary wedge my again develop, as 
seen i n  seisnic data 60 km to  the southwest. The suite of seimic lines along 
the northern Aleut ian  Trench m y  therefore record the developnent of the 
subduction zone after passage of the Yakutat block ,  frm a l m s t  no 
accretionary wedge, as on l ine  425, to  the well defined accretionary wedge 
observed f u r t h e r  to the  southwest. 

Structures beneath Khitrav Ridge are apparently abyssal strata that a r e  
folded into the continental mrgin.  Thus, there must be a m r k e d  change in 
the mechanics of subduction southwest of Khitrov Ridge, end a mjor tear fau l t  
or ranp must be present between the u p l i f t e d  Khitrov Ridge st re ta  and the 
subducted s t r a t a  to  the southwest. 

Tectonic inrplications 

The structure of the Middleton segment has t e c t o n i c  implications on the  
geo log i c  h i s tory  of the Middleton segmnt, on where the Yakutat block is 
subducting, and on the effects of the  Yakutat block subduction process on the 
Middleton segmnt. 

For several reasons, the Kayak zone is a mjor tectonic boundary, a 
subduction zone, along which the Yakutat block is thrust beneath the Middleton 
segment. 

F i r s t ,  the s t r u c t u r e  of t h e  Kayak zone is characterized by major 
deformation, imbrication, and convergence. Several faults have offset greater 



than 4 b, and horizontal offset of unknown a u n t  juxtaposes m t m r p h o s e d  
rocks of the Orce Group against u m t m r p h o s e d  p o s t a r c a  rocks on the Kayak 
lsland and Wingham lsland faults. Also, faunal assarbledges frm the Tennaco 
Mrddleton lsland well are very different fram Yakutet block equivalent age 
assembledges, and indicate 5' to 10' of closure between the ~ekutai block and 
the Middieton segment since the l a te  Eocene (Keller and others, 1984) .  The 
Kayak zone is therefore a mjor  tectonic boundary along which dissimilar 
terranes are juxtaposed, as the Yakutat block is thrust beneath the Middleton 
segmnt . 

Second, there  is no place west of the Kayak zone along which rmjor 
Pliocene and Quaternary subduction could have occurred. On the Middleton 
segment, the Ragged Mountain fault is not e zone of post-horizon M2 mjor 
defomtion. The mjor anticlines of the shelf p r i m r i l y  developed in middle 
to late Pleistocene time. Thus, the Keyak zone forms virtually the only place 
where m j o r  subduction can occur during t h e  las t  5 m.y. 

Third, the rmgnetic data indicate that the Slope anamly and t h e  oceanic 
anamlies on the adjacent Paci f ic  plate are subducted below the Middleton 
segment in the v i c i n i t y  of Kayak Island. Thus, the Kayak zone m r k s  the 
subduction zone for the Yakutat block. 

The geologic history of the Middleton segment frm late Eocene through 
Quaternary time (post-OrcaCroup accretion) includes four m i n  events. During 
late middle Eocene through earliest Miocene time, deposition took place i n  
deep water, with minor hiatus in the section reflecting changing ocean 
circulat ion patterns (Keller end others, 1983, 1984). Between earl iest  
Miocene and late Miocene t ime ,  a rmjor hiatus in the Middleton Island well 
suggests a marine regression, uplift, and possibly subaereal erosion of the 
Middleton segment. During late Miocene time, subsidence began and continued 
through about middle to late Pleistocene tim, with seimic data indicating 
l i t t l e  deformation of t h e  shelf or slope s trata .  Finally, rapid anticlinal 
defomtion affected the shelf  strata during middle to l a te  Pleistocene time, 
and continues to the present. 

The first three events are similar to the geologic history of t h e  Kodiak 
shelf  (Fisher and Von Huene 1980), and f o n  a consistent pattern for the 
continental shelf f r a n  the Middleton segmnt to southwest of Kodiak Island. 
The rapid middle  to  l a t e  Pleistocene d e f o m t i o n  of the shelf  i s  not observed 
to the southwest. On t h e  Kodiak shelf  (Fisher and Von Huene, 1980) and the 
S h m g i n  shelf (Bruns and Von Huene, 19771, meny areas e x h i b i t  l i t t l e  
defomtion of shelf and upper slope strata during Pliocene and Quaternary 
time. In these areas subduction of the Pacific pla te  does not necessarily 
cause mjor defomtion of the shelf and upper slope, although both major 
defomtion and accretion are observed on the lower slope. What event might 
have caused the young, rapid defomtion of the Middleton segment? 

A possible cause of t h i s  defomtion is subduction of the thickened crust 
of the Yakutat block, especial ly  near the Transition fault. Assuning the 
Slope anmaly source body mves beneath the Middleton se g m n t  at 6 d y r ,  the 
body would have moved towards and passed beneath Middleton Is land w i t h i n  the  
last 0.5 my., and currently 'lies beneath Wessels Reef. This is about the 
time period that the anticlines of the shelf formed. The initiation of 
anticlinal defomtion and passage of the Slope ancmaly source body beneath 



the defaming zone at about the sene time could be coincidence, but could also 
indicate a cause and effect reletionship. The greater relief of the body, end 
p r e s m b l y  greater rigidity ccnpared to thinner crust on either side my lead 
to enhanced coupling between the overriding and subducting p l a t e s , ;  resulting 
in deformition of the upper plate rocks. 

The subduct ion of the Yakutet block a t  the Kayak zone otherwiie has 
l i t t l e  affect on the structure of the Middleton segment. During lateMiocene 
through early Pleistocene time, only gentle d e f o m t i o n  of the segment 
occurred, even though subduction was presmbly en ongoing process along the 
Kayak zone. The thick basin strata w i t h i n  40 to 66 lm of the Kayak zone are 
u n d e f o m d ,  except very near the zone. Apparently a thick sedimentary 
sequence can subduct along a narraw, 10-15 Im wide zone without causing major 
deformation of the overriding plate. 

Pliocene and Quaternary constraints 
on Yakutat block tectonics 

The previous sectlons lead to several i q o r t a n t  constraints an the 
boundat i es and tectonics of the Yakutat block and the northern GuJ, f of Alaska. 

Magnetic, geologic, and structural interpretations define a geologic 
terrane, the Yakutat block, extending frcm Cross Sound to a l m s t  the Kenai 
Peninsula, that has m v e d  with the Pacific plate for at least  the lest 5 
m y .  The Yakataga formation, a distinctive late Miocene and younger 
glaciomarine sequence der ived  f r a n  the adjacent muntains overlies the older 
rocks onshore and offshore, except near the onshore bounding faults, and 
damnstrates cont inui ty  of the Yakutat block during Yakataga time. Magnetic 
data damnstrates continuity of the basanent rocks offshore. Magnetic data 
also indicate that west of about Kayak Island, the terrene is svbducted 
beneath the Middleton segment, with subduction beginning e t  the Kayak zone. 
The seaward limit of the block lies at the Transition fault, and in the 
subducted part of the block, is defined by the location of the Slope 
anomaly. Onshore, the current boundaries of the block are defined by fault 
studies and seisnicity as lying on the Fairweether Fault and the Chugach-Saint 
E l i a s  fault system. 

Offshore, the basement rocks of the Yakutat block consist of a probable 
Mesozoic to Paleocene subduction ccnplex east of the Dangerous R i v e r  zone, and 
Paleocene to  early  Eocene oceanic basalt to tbe west. A thick Paleogene 
sedimentary section overlies t h e  basalt west of the Dangerous River  zone, and 
t h e  zone m y  mark t h e  Paleogene bas in  edge. Both the Paleogene sedimentary 
section and the lower crust thin t o  the w e s t ,  suggesting that the Yakutat 
block was originally a continental rmrgin, nm trending northwest and 
obliquely truncated by the Transition f a u l t .  The thickness and extent of the 
Paleogene strata indicates  that a large source area, probably a continental 
margin, was adjacent t o  the Yakutat block during the Paleogene. 

Continuity between onshore and offshore p r e l a t e  Miocene rocks (pre- 
Yakatega F o m t i o n  rocks) of the Yakutat block has not been established. The 
onshore Eocene shallow marine end continental strata m y  be present in the 
subsurface adjacent to the Dengerous River  zone, w i t h  these rocks becaning 



deep-water facies where sanpled on the cont inenta l  slope southwest of the 
Dangerous River  zone. Alternatively, the basin could have filled from the 
northwest, with continental and shallow water facies represented in the 
onshore sections, changing to a deep-water facies to the s o u t h e a s t . a l o n g  the 
a x i s  of the  basin. U n t i l  1 i t h o l o g i c  relations and faulting within' these older 
racks is better def ined,  the character of the pre-late Miocene Yakutat  black 
will remain unknown. 

A m j o r  fault could be present between the onshore and offshore Paleogene 
rocks of the Yakutat block; in t h i s  case, these rocks could have d i f f e r e n t  
source t e r r a i n s  and tectonic histories.  The YekuEat block d e f i n e d  by Pliocene 
and Queternary geologic and tectonic features could be underlain by sutured 
pre-Neogene terranes, with features that would damnstrate this largely 
concealed beneath the thick Yakataga Formation. 

The Transi t ion  fault, the southern margin of the Yakutat block, is a 
mjor tectonic boundary between the block and the  Pacific plate .  Prior to 
Pliocene time, the fault was an act ive  tectonic feature that juxtaposed 
Oligocene oceanic crust against Cretaceous and Paleogene strata of the Yakutet 
block shelf and slope and r a v e d  part of the Paleogene basin of the Yakutat 
bl ock . 

The Transition fault has not been an act ive  boundary during Pliocene and 
Quaternary time. U n d e f o m d  Pliocene end Quaternary strata  cover the 
Transition fault a t  both the west and east ends. There is no apparent offset 
of Pliocene and younger fans  a t  the base of the slope frm their probable 
source areas. There i s  only local deformation along the f a u l t ,  primarily 
associated with the Pliocene and younger uplift of the Fairweather Ground. 
Thus, the Yakutat block has been a t tached  to and moving w i t h  the Pac i f i c  p late  
for at least Pliocene and Quaternary time and col l iding with southern Alaska. 

Northward mtion of the Yakutet block is taken up by a process of 
subduction beneath the Middleton segnent and in the Wrangell Benioff zone of 
Stephens and others (1983, 19841, by major crustal shortening and thickening, 
and by muntain building, as suggested by Von Huene and others (19791, Perez 
and Jacob (1980) ,  andHudson and Plefker (1983). Spectacular evidence of this 
collision process are the  high Saint Elias and Fairweather muntain  ranges on 
the northern m r g i n  of the block. 

The p r i m r y  affect of the coll is ion process on the Yakutat block is the 
d e v e l o p n t  of a seaward-propagating fold and thrust b e l t  on the nor thwes t  
m r g i n  of the block, in the area of mximun convergence between the Yakutat 
block and southern Alaska. The degree of deformation within the fold bel t  
increases f r a n  south to north across the Yakutat b l o c k ,  reaching a m a x i m  
along the Kayak zone and adjacent to t h e  Chugach-Saint El ias  faul t ,  The rest 
of the Yakutat block has undergone little deformtion, since motion along the 
Yakutat segment is largely accomodated by transform faulting along the 
Fairweather-Queen Charlotte faul t .  

The Yakataga Formation indicates that the collision of the Yakutat block 
with southern Alaska and the uplift of the Chugach-Saint Elias mountains began 
in the l a t e  Miocene. The Yakatsga F o m t i o n  is derived fran these mountains, 
end indicates ac t ive  tidewater glaciation and init ial ization of rapid 
sedimntation (Plafker and A d d i c o t t ,  1974) .  Thus, the Yakutat block began to 



col l ide  with southern Alaska at about the end of the Miocene, initiating the 
rapid uplift orogeny that currently characterizes southern Alaska. 

The northward motion of the  Yakutat block must have occurred @long 
transfom faul t s  of southeastern A l a s k a .  Part of this motion could be 
a c m d a t e d  along the Chatham S t r a i t  faul t ,  which has been offset @bout 100 b 
during post4Jligocene time. Hawever, most of t h i s  motion mst have occurred 
along the Queen Charlotte fault which truncates the crystalline basement of 
southeast Alaska. The northward continuation of this fault is into ei ther  the 
Fairweather fault or the Icy Point-Lituya Bay fault. A problm is that only 
l i m i t e d  motion is recognized on the Fairweather fault, and definitive data are 
lacking to even shm that the i c y  Point-Lituya Bay fault could be a strike- 
slip fau l t .  There are at  least three possibilities why only limited offset is 
observed an the Pairweather fault: (1) The Fairweather fault is in fact e 
young fault w i t h  only l imi ted  offset, and collision has been accamdated on 
faults that are currently unrecognized in the geology of southern Alaska; (2) 
much greater offset has occurred on the Fairweether Fault, but is currently 
unrecognized; and ( 3 )  t h e  Fairweather fault or other faults are a su ture  zone 
along which oblique subduction occurs, but which also have a s t r i k e - s l i p  
canponent so that they appear es transform f a u l t s .  What is clear is that 
substantial closure between the Yakutat block and southern Alaska must have 
occurred by subduction of ocean crust or Yakutat block-like terrane during the 
l a t e  Cenozoic. 

The effects of the Yakutat block co l l i s ion  on the Middleton segment are 
substantially less than along the northwestern margin of the Yakutat block. 
Deformation of the Middleton segment related to subduction of the Yakutat 
block appears to be confined to rapid Pleistocene defomtion of the shelf 
s t ra ta .  This defomtion may be related to the passage of the thickened 
b a s m n t  layer of the  Yakutat b l o c k  ( t h e  Slope ancmaly source body) beneath 
the shelf.  Otherwise, the Yakutat block has passed beneath t h e  segment w i t h  
l i t t l e  effect on the structure of the segment. This passage i s  m r k e d  by only 
a 10 to 15 lun wide zone, the Kayak zone, along which major defomtion and 
faulting has occurred. Apparently, the thick sediment sequence of the Yakutat 
block i s  subducting without causingmajor defomtion of the overriding plate. 

Constraints on pre-Pliocene tectonics 

Geological and geophysical data establ ish several constraints on the pre- 
Pliocene tectonics of the Yakutat block. These constraints concern the source 
and v o l m  of Paleogene strata of the block, the northward d i s p l a c m n t  of 
faunal ass-lages of the block, and the nature of  the Transition f a u l t .  

Source terrain. 

The Yakutat block was adjacent to  a large source area during the 
Paleogene. The Paleagene strata of the Yakutat block are at least 4.5 hn 
thick beneath the continental s h e 1  f and up to 6 lm thick onshore. The v o l m  
of included rocks requires a large source area. Onshore Paleogene rocks are 
m i n l y  shal lwmarine  end continental fecies, while coeval rocks offshore are 
shallow to deep marine with a large terrestrial cmponent. I t  i s  likely that 
the Yekutet block was adjacent to  a continental margin during Paleogene 
time. 



Plafker and others (1980) suggest that the -sition of sandstones frun 
the block requires e p l u t o n i c m e t m r p h i c  source terrain. H w e v e r ,  t h i s  
conclusion is based on m d a l  analysis of only ten dredge scrrples frcm e poorly 
controlled position w i t h i n  the Yakutat block stratigraphic section. Further ,  
Eocene volcaniclas t i c sands tones dredged f ram several places on the 
continental slope were not included in the modal analysis. Thus, the 
sandstones studied m y  not be representative of the entire Paleogehe 
stratigraphic section, or of the source terrain frcm which these strata  were 
der i ved. 

Constraints on northward motion of the Yakutat block 

There is evidence that the Yakutet block is a far-traveled terrane. 
Flora and fauna f r a n  the  onshore Paleogene strata, and microfaunal a s s d l a g e s  
frcm rocks dredged frum the continental slope are similar to those found o f f  
C a l i f o r n i a ,  Oregon, and Washington (Wolfe, 1977; Rau, 1979, 1981; Plafker end 
o t h e r s ,  1980, Keller and others, 1983, 1984).  Keller and others (1984) find 
that the block has moved 30' f 5' north t o  its present position since the 
early Eocene (about 50 m.y.). They further find that there has been 5' t o  10' 
of closure between the Yakutat block and the Middleton segment since the 
middle Eocene. This m o u n t  of displacanent requires movement of the Yakutat 
block with the Kula and P a c i f i c  plates since early Eocene time (Bruns, 1983; 
Keller and others, 1984).  

Other evidence for displacmnt of the Yakutat block includes 
observations by Zuffa and others (1980)  and W i n k l e r  and Pla fker  (1981b) that 
onshore Cretaceous rocks (Yakutet Group) of the Yakutat block contain 
sandstones with a distinctively different mineralogy, and therefore e 
different source terrain, f r u n  that of coeval Chugach terrene sandstones 
adjacent to, but not part of the block. Winkler and Plafker (1981b) further 
suggest substantial tectonic transport of the Yakutat block with respect to 
the northern age equivalent rocks. Plafker and others (1980) further  f i n d  
that the mountains adjacent to the block could not have been the source 
terrain  for the Paleogene strata, and suggest a southeast Alaska or British 
Collmbia source. Thus, the Yakutat block has undergone substantial northward 
tectonic transport during t h e  Cenozoic. 

Pre-Pliocene tectonics along the Transition fau l t  

The m i n  geophysical constraints for pre-Pliocene tectonics of the  
Transi t ion f a u l t  are that: (1) tectonisn has juxtaposed rocks of markedly 
different ages along the Transition fault and truncated the Peleogene basin of 
the Yakutat block, and ( 2 )  this tectonic process caused no major d e f o r m t i o n  
of or accretion along the margin. The tectonic  mechanim operative along the 
f a u l t ,  and timing of f a u l t i n g  are u n k n m .  The most likely mechanism is 
transform faulting, but subduction cannot be ruled out on the basis of the 
geophysical data alone. 

In t h e  fo l lw ing  sections, I w i l l  f i r s t  discuss the p o s s i b i l i t y  of 
subduction d o n g  the Transition faul t ,  then exmine what mvanent of the 
Yakutat block would be consistent with only s t r i k e - s l i p  motion along the 
fault. Then, 1 will discuss twomdels that have been proposed for the origin 
and evolution of the Yakutat block. 



Constraints on suMuct ion at the Transi ti on faul t . Subduct ion can occur 
without major deformation or accretion i f  the sutduetina plate is almsst 
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totally decoupled fran the overriding plate.  An exanple of this process is 
the current subduction boundary of the western mergin of the ~akutat block. 
In this area, a narrow zone of intense deformation records the underthrusting 
of the Yakutat block along the Kayak zone, and no defomtion is observed on 
seisnic line 425 (Fig. 33). However, this area is merkedly enomelbus w i t h  
respect to the rest of the A l e u t i a n  subduction zone. Only 60 lan southwest of 
l i n e  425,  a more typical subduction morphology characteristic of the A l e u t i a n  
subduction zone is present, with a well defined 15 to 30 iun wide accreted 
wedge a t  the base of the slope. As suggested e a r l i e r ,  the  anamlous character  
of the northern Aleutian trench along line 425 m y  in part be a resu l t  of the 
Pliocene and Quaternary subduction of the Yakutat block. 

More c m n l y ,  subduction zones in which the descending ocean plate is 
over la in  by a moderate m u n t  of sediment have a well-defined accretionary 
wedge at the base of the slope, as along the Aleutian subduction zone. if  the 
Transition fau l t  was a subduction zone prior to  the Pliocene, the incming 
Paci f ic  plate would presvnably have carried a t h i c k  sedimentary sequence 
derived frun the North Pmerican continental mrgin. For exarrple, off 
southeast Alaska, the sediment at the base of the slope is currently 3 t o  5 km 
thick.  I suggest that w i t h  a r e l a t i v e l y  thick sediment input, subduction at 
the Transition fault would most likely be characterized by a well-developed 
accretionary wedge. Even in failed subduction zones, at accretionary wedge is 
cormonly preserved, as, for excrrple, in failed subduction zones a t  the Palawan 
Trench (Henilton, 1979), the Bering Sea (Cooper and others, 19811, and off 
central Cslifornia (D. McCulloch, personal ccmnunication, 1984). Hwever, 
there is currently no evidence for such e wedge along the Transition fault. 
Unless such deformed or accreted strata has been r m v e d  by transform f a u l t  
(next section), I conclude that subduction at the Transition fault is 
unlikely. 

Constraints on transform faulting at the Transition fault. Post- 
subduction strike-slip fau l t ing  along the Transition fault could have r m v e d  
d e f o m d  or accreted strata. What possible mtion of the Yakutat blockmight 
occur, essming that only transformmotion occurs along the fault, and that 
the fault has an orientation different frun a Pacific-North America transform 
faul t? 

This model requires, in effect,  m t i o n  of the Yekutat block independent 
of either the Pacific or the North America plates. A vector analysis of three 
p la tes ,  Paci t i c ,  North Pmrica, end Yakutat block, gives an idea of motions 
required  to mainta in  on ly  transform mot ion of the Transi t ion feu1 t .  This 
analysis uses the current configuration of the Yakutat block and the present 
Pacific-North Pmerica convergence vector and assunes rigid plates (Fig. 34 ) .  

In this case, the cunstraints are Pacific-Yakutat block r e l a t i v e  mtion 
along the Transition fault at an unknown rate end direction, but at an aximuth 
of about N. 6 3 O  W., Pacific-North America relative mtion on the Queen 
Charlotte fau l t  at  about 6 d y r  at an aximuth of about N. 15'W. (Minster and 
Jordan, 19781, and unknown Yakutat block-North America relative motion. 

Pacific-Yakutat block relative motion has not been accumdeted by a left- 
lateral transform at the Transi t ion fault. Such mot ion would requi re the 
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Figure 34. Vector analysis assuning Pacific-Yakutat block transform mtion on 
Transition fault in a direc t ion  of about N. 67' W. but a t  an unknown rate,  
and Pacific-North Pmerica m t i o n  along the ween Charlotte fault  a t  
6 m / y r  and N. 21' W. North Pmerica-Yakutat block and Pacific-Yakutat 
block m t i o n  would be def ined by a vector f r a n  North Pmerica point t o  
Pacific-Yakutat block azimuth line. Sinplified m p  view of m t i o n s  at 
top; large arrow indicates general direction of North Amrica-Yakutat 
block convergence with indicated motion on Transition fault. AT-Aleutian 
Trench; =-Kayak zone; NA-North Pmerica pla te ;  PPC-Pacific plate ;  'IF- 
Transition fau l t ;  YB-Yakutat block, 



juxtaposition of terranes of the opposite age to what is observed; that is 
rocks of the Yakutat block would be younger than the adjacent rocks of the 
ocean crust, and the ocean crust would be alder to the east, Also, tke 
missing, oceanward part of the Yakutat block would p r e s m b l y  be found t o  the 
east on the adjacent Pacific plate. Hwever, only Oligocene oceanic basanent 
is present along southeast Alaske and the Yekutat block. Thus, lef t - lateral  
faulting is the wrong sense of mtion to match the observed geology. 

I f  Pacific-Yakutat block relativemotion is taken as a dextral transfom 
at  the Transition fault, then the aximth for Yakutst block-North America 
motion would be more northerly to northeasterly than the Pacific-North Pmerica 
eximuth (Fig. 3 4 ) .  The missing part of the  Yakutat block would have ridden 
with the Pacific plate into the A l e u t i a n  subduction zone. Yakutat block-North 
America relative motion would be accamdsted by subduction of the north and 
east parts of the proto-Yakutat block beneath southern end southeastern 
Alaska. This observation will be used next to construct a possible model for 
Yakutat block motion. 

Speculative models for Yakutat block motion 

T h  very different models have been proposed for the origin and movanent 
history of the Yakutat  block. Bruns (19838) end Keller and others (19841 
present models w i t h  over 30' of northward motion for the block in the last 50 
m.y. Plafker (1983) andNye (1983) propose amodel i n w h i c h  t h e h k u t a t  block 
originates off southeast Alaska and has moved only about 5' north in the last 
25 m.y. Either model can s a t i s f y  geophysical constraints for the Transition 
fault, and each appears to be a mechanically feasible plate tectonic 
reconstruction. Thus, the determination of which m d e l  is correct will be 
decided frun other evidence, such as pelemgnet ic  masurgnents or curprisons 
of the geology of the Yakutat block with the geology of the North American 
continental margin. 

Bruns (1983a) s u g g e s t s  that the Transition fault f o m d  during the 
Paleogene as a Kula-Farallon transform, then Pacific-Farallon transform after 
the denise of the Kula-Pacific spreading center, and that the transfom was 
act ive until about the close of Oligocene time. In t h i s  m d e l ,  subduction of 
the Kula-Farallon spreading center detached the Yakutat block frm the North 
Anerica continental mrgin,  and the block has since moved northward with the 
Kula and Pac i f i c  plates. This mdel requires only transformmotion along the 
Transition fault, and predicts that the fault has been inactive since about 
the end of  Oligocene time. This model is presented i n  Bruns (1983a) and 
further details are not discussed here, 

The main advantage of this mdel is that i t  is in good agreement w i t h  the  
faunal data of Keller and others (1984) which also indicate 30' of northward 
m t i o n  of the Yekutat block. A disadvantage is that during this northward 
motion, the Yakutst block would pass by a variety  of source terrains for the 
Peleogene strata of the block, thus not mtching the requirement of Plafker 
and others (1980) for a plutonic and metanorphic source terrain. 

I n  marked contrast to t h i s  mdel,  Plafker (1983) and Nye (1983) propose 
that the Yakutat block was sliced off the southeast Alaska continental mrgin 
south of Chathm S t r a i t  about 25 m.y.  ago, and displaced northward to its 
current position by about middle Miocene time (by about 1 5  m.y.). 



Concurrently, an eddit ional  900 Ian of dextral d i s p l a c m n t  occurred between 
the Yekutat block and the Pacific plate along the Transition fault. The 
p r i m r y  reason for the i n i  tiel location of the Yakutat block i n  their model is 
that the Yakutat block would be adjacent to  a plutonic and m t m r p h j c  source 
terrain during the Paleogene. 

The main assunptions of the  model are: (1) that the onshore ~'akutat  Group 
of the Yakutat block and the offshore Mesozoic rocks east of the Dangerous 
River zone were once the southeastward continuation of the Chugach terrane; 
( 2 )  that the block began northward mvement when motion began on the Chathm 
Strait fault, and ( 3 )  that the Yakutat block was i n  the northern Gulf of 
Alaska by the beginning of deposition of the Yakataga F o r m t i o n ,  dated by 
P la fker  and Addicott (1977) as about middle  Miocene time. The model further 
requires about 45' of counterclockwise rotation of the Yakutat block during 
the collision process t o  account for the current trend of the Transition 
faul t . 

I a l t e r  this model by requiring that the Transition f au l t  be locked f r a n  
about 5 m y .  to present, thus requir ing  about 300 im of northward mvenent of 
the block during this time. I also a s s w  that the  block began the coliision 
process a t  about the close of the Miocene, i n  accord wi th  the age of the 
Yakataga Formation given by Lagoe (1983), and that rotetion occurred during 
the early  s t a g e s  of the collision. F i n a l l y ,  I assune that Pacific-North 
America convergence is partitioned along two parallel transfom faults moving 
at d i f f e r e n t  r e t e s ,  w i t h  the Yakutat block ly ing between the two f a u l t s .  
Total displacement along these faults would be about 1500 im (6 cm/y for 
25 m.y.1. 

In t h i s  model (Fig. 351, Pacific-North Pmerica motion is taken up by a 
transform fault on the seaward side of the Yekutat block prior to 25 may.  
(Fig. 3543); t h i s  transform fau l t  will eventually be the  Transition fault. At  
about 25 m . y . ,  motion begans on the Chathm Strait f eu l t ,  separating the 
proto-Yakutet block from the N o r t h  Pmerican continental rmrgin (Fig. 35b). 
Between 25 and 5 m y . ,  both the Transition feult and lendward fau l t  are 
active, wi th  displacgnent on the Transition fau l t  of about 900 h, at  4 .5  
d y r ,  and displacement on the landward fault of about 300 kn, at 1 . 5  d y r .  
The landrrard faul t  is i n i t i a l l y  the Chathm S t r a i t  f a u l t ,  w i t h  m a x i m  offset 
of around 100 lan, but shifts to the ancestral Queen Charlotte f e u l t ,  c u t t i n g  
across the Chathm S t r a i t  f a u l t  and isolating the p r e s m d  Chugach terrane 
rocks of the Yakutat block f run  the rest of the Chugach terrane (Fig.  35c). 

Twards the end of the Miocene, as the Yakutat block begins t o  col l ide 
with and subduct beneetth southern Alaska, the black also s t a r t s  a 
counterclockwise rotation. E f  transformmotion continues on the Transi t ion 
fault during t h i s  rotation, the Yakutat block vrould mve independently of the 
Pacific and North America plates, moving progressively north to northeast 
during continued rotat ion (Fig. 35d) as suggested in the discussion for Fig. 6 34. By about 5 m . y . ,  after about 45 of rotation, t h e T r a n s i t i o n ' f e u l t  locks, 
and the Yakutat block attaches to the Pacific plate (Fig. 35e). Frun 5 m,y. 
to  present,  the Yakutat block would then move an additional 300 hn 
northwestward with the Paci f ic  plate ,  with motion taken up on the Queen 
Charlotte f a u l t  (Fig. 35f). 

An advantage of t h i s  model is that the Yakutat block would be close t o  



Figure 55. -1 fur l iml ted northrrard mwanent of Yakutat block. P a c i l i M o r t h  &mica mt ion 
p a t t i  t i m e d  betwen tm, transform faults,  w i t h  a b u t  45' of countetclockwIse rotat ion durlng 
nort b r d  mremnt. Shaded area -aqgaeh  terrane. h s h o r e  daul ts  s h m  lo r  referen- on1 y;: 
otherwise, solid line--active fault; dotted line--lnactlve fault4 bsrbs-'-subduction zone. 
Heavy arraus Indicate plate mt ion direction; other synbls as I n  Fig. 1. AS-Aleutlan 
subduction zone; =-Border Ranges fault; a 4 3 i a Z h a  Straj t fault8 SF4hial l  fau l t ;  m-t)uke 
River fault; M-North m r l c a  plate! POPacll lc  plate; PHG-Prin~  W l l l i m  Sornd; QCIlaueen 
Charlotte lalnnds; TS-Trans1 t ion iaul  t ;  ZIB-Yakutat block; -approximtely, A. Paclf Ic- 
North-rica motion on fault searmrd of Yakutat block. &. Movement on tmthTransitlon 
fau l t  and C h a t h a  Stra I  t fault  at d i f ferent  rates; Yakutat block mves between faul t s ,  
independently of Pacific plate.  C. meen Charlotte fault cuts across Chathm S t r a i t  fault, 
whlch becanes Inaetlreg Chugseh terrane offset, D. Yskutat block rotates about 45', 
a e w n l e d  by north to northeast movement of block ss transform m t i o n  continues on both 
Transition fault md QueenCharlotte faul t .  E, Transit lon fault locks; PaeIIic-North 
h r i e a  motion taken up on Falrureather faul t ;  Yakvtat block moves w l  t b  Pac i f i c  plate, F. 
Present simplified, Idealized setting of Yakutat block, See text  tor  further discuss!oa. 



the Coast Range Plutonic Cmplex of British C o l m i a  during Eocene and 
Oligocene time. This carplex was uplifted during the Paleogene and about 10 
to 26 h of overburden stripped off (Hollister, 1979). Hollister (1979)  
suggests that the resulting sedimnt would be deposited along the continental 
mrgin  as slope and deep-sea fan deposits and subsequently displaced 
northwards by transform f a u l t i n g  along the North American margin. .Thus, this 
canplex could have served as the source terrane for the Yakutat block 
Paleogene strata,  as suggested by Plafker and o t h e r s  (1980). 

Hcwever, the W e l  i s  i n  marked disagregnent with the faunal correlations 
of Keller end others (1984).  I f  the faunal date are correct, than theYakutat 
block, asscmed by Plafker (1983) and Nye (1983) to be the southern extension 
of the Chugach terrane, could not have been adjacent to the British Colmbia 
Coast Range throughout the Palmgene, and the Coast Range could not have 
served as the sole source for the Yakutat block Psleogene strata.  

The principle difference between the W e l s  is that the Bruns (1983a) 
mdel accounts for the large northward displacement required by microfaunal 
assemblages fran the Yakutat block, while the Plafker (19831 and Nye (1983) 
mdel, which suggests considerably less northward displacanent, places the 
Yakutat block adjacent to a possible source terrain for the Yakutat block 
Paleogene strata. 

An al ternat ive  possibility is that during the late Eocene and Oligocene, 
the Yakutat block was extensive enough to receive sediment fran the Coast 
Range Plutonic Canplex. About 120 lan of subducted Yakutat block m y  be 
present in the Wrangell Benioff zone that underlies southern Alaska; 
addit ional  parts of the block m y  l i e  i n  the  A l e u t i a n  subducted s lab .  
Drainages could have connected across now subducted parts of the Yakutat block 
to t h e  Coast Range Plutonic  CcmpEex. 

Also, the mdel presented here for limited mtion could accsoadate 
substantially greater northward mtion by asslming different rates on the 
faults  bounding the Yakutat block. I f  most of Pacific-North America mtion 
were accmdated on the inboard fault, the total northward mtion of the 
Yakutat block would be almst the s m  as i n  the Bruns (1983a) mdel .  
Hmever ,  the missing seeward part of the Yakutat block could then have m v e d  
north of the block and either subducted beneath or accreted onto southern 
A1 aska. 

Clearly the most d e t e n i n a t i v e  evidence for Yakutat block motion, the 
mi crofaunal correlations of Kel ler and others (1984),  favors substantial 
northward movement for the Yakutat block. Also clearly, an independent 
a s s e s a n t  of Yakutat block northward mtion with paleamagnetic data f r a n  the 
block would substentially inprove our understanding of the problm. Until 
then, hcwever, I find the paleoletitudes indicated by the microfauna to be 
more ccnpelling than a possible source location for the Paleogene strata,  end 
I favor a m d e l  with substantial, rather than l i m i t e d  northward drift of the 
Yakutat block during the Cenozoic. 

Tectonic inpl !cations of the Yakutat block collision 

The Yakutat block collision and accretion provides an opportunity to 
study an actively accreting terrane, and to examine the effects of the 



accretion process on the defomtion and tectonic his tory  of the terrane. The 
Yakutat block is a mdern  analog to events which have m l g m t e d  the collage 
of terranes that now form southern Alaska. Several inportant tectonic 
irrplications, questions, and needs for further study m r g e  f r a n  the study of 
the Yakutat black. 

Much, and perhaps most, of the late Cenozoic closure between ihe Yakutat 
block and southern Alaska has been accmdated by subduction of oceanic or 
Yakutat block crust north of the  edvancing Yakutat block. The col l ision of 
the Yakutat block has been an ongoing process for at least the last 5 m . y . ,  
and probably since about late Miocene time. During that time, closure between 
the Yakutat block and southern Alaska has been at least 300 h. This closure 
has been acccmodated in part by mountain building and continental 
thickening. However, subduction has been the duninant mechanism for 
eccamdating Pacific-North America convergence. Evidence for subduction 
includes volcanism i n  the Wrangell mountains since about the middle Miocene 
(Denton and Amstrong, 1969; Deininger, 1972; Nye,  1983) and the presence of a 
Benioff zone beneath southern Alaska (Stephens and others, 1983, 1984). The 
Wrangell Benioff zone extends to at least 85 h, indicating a subducted slab 
about 120 lun long; thus, almost one-third of late Miocene to Quaternary 
Yakutat block-southern Alaska closure is accounted for i n  the s t i l l  present 
slab. The Wrangell volcanism indicates continuity of subduction for most of 
th e  late Cenozoic. Since subduction has been the dominant process for 
eccmdating Yakutat block motion, than structural defomtion and offset on 
mjor s t r i k e - s l i p  faults will not necessarily indicate the total m u n t  of 
closure that has occurred, since these faults m y  be zones of oblique 
subduction. Therefore, it is perhaps not surpr i s ing  that offset on the 
onshore strike-slip faults of Alaska is far less than is necessary to account 
for late Cenozoic Pacific-North America convergence. 

The subduction of the Yakutat block beneath the Middleton s e p n t  is an 
example of subduction of a thick, low density sedimentary sequence. A c m n  
assurption is that such a low density, buoyant terrane would resist 
subduction. Yet the Yakutet block is apparently subducting beneath the 
Middleton segment w i t h  almost total decoupling from the overriding plate,  end 
w i t h  no accretion or rmjor mountain building resulting within the Middleton 
segmnt from the subduction process. Only a 10 to 1 5  lan wide zone of intense 
d e f o m t  ion is observed at the Kayak zone. Apparently, subduction of such a 
block is not only possible, but my leave only a narrow zone of deformation 
behind t o  m r k  passage of the block. 

The collision of the northern margin of the Yakutet block is causing 
major uplift of the Saint Elias and Fairweather mountain ranges. The 
gartition of the Yakutat block into continental crust  and oceanic crust at the 
Dangerous River zone epproximately coincides with the mountain bui lding and 
non-untain building defomtion along the Chugach-Saint Elias mountains and 
Kayak zone respectively. This partition suggests that collision of 
continental crust might be a necessary condition for mountain building, 
whereas oceanic crust, even with a t h i c k  overlying sedimentary sequence, m y  
subduct without m j o r  tectonic effects and with little geologic evidence l e f t  
behind to mark i t s  passage. 

The Wrangell volcanoes have been a site of vollminous mapat i sm (about 10 
tins the normel arc mgmatim production rate) during the Pleistocene (Nye, 



1983) .  Nye ( 1 9 8 3 )  suggests that the collision of theYakutat block with 
southern Alaska has s causal effect on this nmgmtic event, with carpression 
during microplate collision forcing the rise and extrusion of what would 
otherwise beccme deep-seated intrusive bodies, Perhaps sntmalously voluninous 
megmtism i n  the geologic record could be used as an indicator of a collision 
event . 

This study has an inportent implication for seisnic risk potential in the  
northern Gulf of Alaska. Publ ished tectonic models infer suMuction of the 
Pacific p l a t e  beneath the  Yakutat block beginning a t  the Transition fault, end 
a s s m  that the block is underlain by a major detachnent fault (Perez and 
Jacob, 1980; Lahr and Plafker ,  1980). Instead, based on structural data along 
the Transition fault, 1 rule out a subduction carponent for at least Pliocene 
and Quaternary time, and conclude the Yakutat black is not underlain by a 
major detachnent fault. 

Hwever, a possible end product of a terrane collision and accretion 
process is a s h i f t  of the subduction zone either across or outboard of the 
colliding terrane as the presumbly buoyant, accreting terrane j m  the 
subduction zone. One area where such a process could be occurring is adjacent 
to the Fairneather  Ground h i g h .  Several Quaternary folds at the base of the 
slope have a trend almost perpendicular t o  the Pacific-North Arner'ica 
convergence vector. These folds could mark the initial deformation associated 
wi th  a subduction shift outboard of the accreting Yakutat block. Subduction 
along the Transition fault could therefore now be occurring, but only as a 
resu l t  of a l a tes t  Quaternary or Holocene a d j u s t m n t  to  the collision 
process. More study i s  needed i n  t h i s  area t o  determine i f  i t  might mark a 
major ongoing change in the tectonics of the Yakutat block. 

The structure along the Kayak zone provides extreme exanples of the 
deformation process at a subduction zone. The thick sediment of the Yakutat 
block is subducting at the Kayak zone with little accretion, and marked by 
only a narrow zone of defomtion. Simi lar ly ,  south of Middleton Island 
seisnic data show a thick sedimentary section subducting with  little 
defomtion or accretion (line 425, Fig. 33). However, major deformation 
occurs at Khitrov Ridge, where oceanic strata ere folded into the large 
structure underlying the ridge (Figs. 17, 20, 21) ,  and about 60 h southwest 
of line 425, where a well developed accretionary carplex is developed at the 
base of the slope. Thus, within a short geographic distance, subduction 
occurs w i t h  both little defomtion andmajor defomtion. Further study is 
needed to resolve the question of how such ext rme variability i n  the 
mechanics of the subduction process can occur w i t h i n  such a l i m i t e d  area, and 
in the case of the oceanic s t r a t a ,  with  essentially t h e  s m  sediment input 
a r r iv ing  at the subduction zone. This variability could i n  part be due to the 
subduction of the  Yakutat block below the Middleton segment, folImed by the 
reestablishnent of the more typical  Aleutian subduction margin. 

The structural d e f o m t i o n  of the Yakataga segment offers an opportunity 
to  study the mechanics of d e f o m t i o n  w i t h i n  an accreting, col l iding 
terrane. The defomtion could also be similar to that which occurs in 
accretionary wedges. Geologic infomtion frm exploratory wells drilled on 
the folds can be canbined w i t h  t h e  seismic reflection data to better delineate 
the stratigraphy, structure, end timing of d e f o m t i o n  i n  the f o l d  b e l t .  Such 
a study m y  y i e l d  en analog for processes which have occurred in accreted 



strata in the geologic record, and which rimy be occurring along convergent 
cont inenta l  mrgins. 

The structure of the Yakutat block indicates that elements of: the block 
m y  be roteted during the collision process. Such a process m y  be recorded i n  
the anticlines of the Yakataga segment. The large anticline southWest of Icy  
Bay was probably continuous wi t h  the ant  icl ine underlying Parplona Spur (Bruns 
and Schwab, 1983). On these structures, rmximvn defomvltion and faulting 
occurs where they are closest together, and the intensity of folding decreases 
away frcm this point. The strike is also notably different fran the regional 
trend, trending east-west and north-south respectively. Thus, these 
anticlines appear to  have been rotated about a hinge line through the center 
p o i n t ,  w i t h  an u n d e f o m d  part of the Yakutat block acting as an indenter .  
S imi lar ly ,  onshore structures generally parallel the mejot bounding faults a t  
t h e  Kayak zone and the Chugach-Saint Eliss fault, perhaps rotating towards 
these faults during convergence. The bounding faults m y  also reflect 
rotation, w i t h  the Yakutat black acting as an indenter, Such rotated e l m n t s  
might be left in the geologic record as an accreting block breaks up during 
the collision process. I f  so, direct ion  indicators such as paleumgnetic or 
paleocurrent data could indicate markedly di f ferent  rotations wi thin 
r e l a t i v e l y  -11 geographic areas. Also, direction indicators cannot 
necessarily be used to indicate rotation of en ellochthonous terrane during 
translation; they may instead record localized processes that occurred within 
the terrane during the final stages of collision and accretion. 

The Yakutat block collision has inplications for hydrocarbon potential. 
Exploratory d r i l l i n g  on folds of the Yakatage segment, primrily into Neogene 
and Quaternary strata, and south of Yakutat Bay, in to  Paleogene s trata ,  has 
not discovered c m r c i e l  hydrocarbons. Dredge simples f r a n  the slope 
indicate that both source and reservoir rocks are present  in the Paleogene 
section of the Yakutat block, but that the source rocks are i m t u r e  to 
marginally m t u r e  for hydrocarbon generation (Plafker and others, 1980). 
These source rocks are subducting w i t h  the Yakutat block and are carried deep 
within the crust. T h e r e m y  therefore be enhanced potential for hydrocarbon 
meturation, generation, migration, and trapping along the col3isian zone. Bath 
structural end stratigraphic traps may be c m n ,  and faults my provide an 
avenue for updip hydrocarbon migration into the n m r o u s  known onshore oil 
seeps. The collision zone could be analogous to the overthrust belt of the 
Rocky mountains. The ongoing hydrocarbon exploration in the northern Gulf of 
Alaska has so far not focused on this p o s s i b i l i t y ,  and i t  m y  be an important 
area for future research and exploration. 

The Yakutat block is bounded by the Fairweather-Queen Charlotte fault, 
the  Chugach Saint  Elias fault  systan, the Kayak zone, and the Transition 
fault .  The block is colliding with and accreting to southern Alaska, causing 
a major orogenic event in the Saint Elies and Fairweather muntains. Magnetic 
data suggest that the block is subducting beneath the continental margin west 
of Kayak Island and extends t o  a t  least the Kenai Peninsula i n  the subducted 
plate,  

Major d e f o m t i o n  of the Yakutat block occurs along the northwest margin 
of the block, where m x i m  convergence occurs between the block and southern 



Alaska. Up1 i f t of Fai weather Ground dur i ng the Pl iocene and Quaternary may 
reflect local, reactivation of  part of the  otherwise locked Transition fault. 
Elsewhere, offshore strata of the block are undeformed and characterized 
primarily by regional subsidence. 

The marine geophysical and geological data define the Pliocene and 
Quaternary tectonic sett ing of the Yakutat block, and inpose major-constraints 
on the pre-Pliocene origin and tectonic his tory  of the  block. These 
constraints are: (1) The basement rocks of the Yakutat block consist of a 
probable Mesozoic to Paleocene subduction cmplex east of the Dangerous River 
zone, and Paleocene and Eocene oceanic basalt t o  t h e  west; the Dangerous River 
zonemost likely formed the edge of the Paleogene basin. ( 2 )  A t h i c k  
Paleogene section underlies the block, and is truncated at the continental 
m r g i n .  This section requires e large source area adjacent to the block 
during the Paleogene, probably a continental margin. (3) Faunal assenblages 
frcm the Paleogene strata of the Yakutat block require substantial northward 
motion of the block, 30Of5' in the last 50 m.y. ,  and closure of  5O to 10' 
between the Yakutat block and theMiddleton segnent. (4) The Transition fault 
i s  a major tectonic boundary on the south side of the block. The fault has 
been inactive during Pliocene end Quaternary time, since i t  is overlain by 
undefomd strata of t h i s  age, and fans a t  the base of the slope are not 
of fset  fran their probable source area. (5) the Yakutat block has moved with 
the Pacific plate for at least the last 5 m.y. This motion has largely been 
accanodated by subduction of the Yakutat block beneath southern Alaska, but 
also includes structural shortening andmjor u p l i f t  onshore. (6) Prior  t o  
the Pliocene, major tectonisn along the Transition fault juxtaposed Oligocene 
oceanic basement against Paleogene and Mesozoic rocks of the Yakutat block and 
truncated the Paleogene basin of the block, ( 7 )  The Transition fau l t  i s  most 
likely a transform fault. Tectonisn along the fault occurred without causing 
mjor d e f o m t i o n  of the Yakutat block or accretion along the Transition 
fault. Subduction along the Transition f a u l t  i s  unlikely. 

'Ih speculative models have been proposed for the origin and mvenent 
history of the Yakutat block, requiring either 5O or 30' of northward 
motion. I conclude that t h e m d e l  which best s a t i s f i e s  the constraints listed 
above is that the Yekutat block originated as a colposite oceanic-continental 
terrane during subduction of the Kula-Farellon spreading center beneath North 
lLnerica about 45  m.y. ago. The Yakutet black has since moved north w i t h  the 
Kula  and Pacific plates. Further study is needed, however, to better 
determine the geologic history of the Yakutat block, especial ly  of 
palemagnetics of the block, of source terrains  for the Yakutat block strata, 
and of correlations of Yakutat block faunal and floral assemblages with coeval. 
North American assenblages. 

The tectonic setting of the Yakutat block offers an opportunity to study 
an ongoing collision and accretion process that is a modern analog to events 
which have brought together the nunerous tectonostratigraphic terranes that 
corprise southern Alaska. Exarples of tectonic processes occurring due t o  the  
Yakutat block collision are: (1) subduction of a t h i c k ,  low density crust et 
the Keyak zone with only a narrcw zone of cslplex structure mrking the suture 
zone; (2) the developnent of a fold and thrust belt that may be analogous to 
en accretionary wedge st a convergent margin; (3) a possible relation of 
mountain building versus non-muntain building t o  suMuctian of continental 
versus oceanic crust; ( 4 )  extreme end mmbers of almost ccnplete subduction 



and accretion processes along the Kayak zone w i t h i n  a relatively short 
distance; (5) the rotation of elanents of the block during the collision 
process; ( 6 )  subduction of potential hydrocarbon source rocks that m y  lead to 
enhanced potential for hydrocarbon generation, migration and e c c ~ l e t i o n  
along t h e  collision zone; and ( 7 )  e subduction shift outboard of or across the  
Yakutat block that could be occurring during late Pleistocene to Holocene 
tim. 
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