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C o m p a r i s o n s o f microfoss i l s f r o m deep-sea c o r e s , f r o m samples o f a n e x p l o r a t o r y dri l l hole, a n d f r o m 
d r e d g e d r o c k s o f the G u l f o f Alaska , with coeva l microfoss i l a s semblages on the N o r t h A m e r i c a n cont inent , 
p r o v i d e c o n s t r a i n t s on the n o r t h w a r d m i g r a t i o n o f the Y a k u t a t block a n d the P r i n c e W i l l i a m t e r r a n e d u r i n g 
Tertiary time. The estimated paleolatitudes of microfauna and flora indicate that: ( 1 ) the Prince William 
t e r r a n e w a s a t t a c h e d to N o r t h A m e r i c a in its p r e s e n t posit ion by midd le E o c e n e t i m e (40 to 42 M a ) , cons is tent 
with m o d e l s der ived f r o m p a l e o m a g n e t i c d a t a , a n d (2 ) the a d j a c e n t Y a k u t a t block was 30 ± 5 ° south o f its 
p r e s e n t pos i t ion in e a r l y E o c e n e (50 M a ) , 20 ± 5 ° south in m i d d l e E o c e n e (40 to 44 M a ) , a n d 15 ± 5 ° south in 
la te E o c e n e t i m e (37 to 40 M a ) , thus r e q u i r i n g a n o r t h w a r d m o t i o n o f about 3 0 ° s ince 50 M a . M o r e o v e r , t h e 
Y a k u t a t block w a s at least 10° south o f the P r i n c e W i l l i a m t e r r a n e dur ing E o c e n e t i m e . T h e s e d a t a a r e 
cons is tent wi th m i g r a t i o n o f the Y a k u t a t block with the P a c i f i c a n d K u l a p lates for a t least the last 50 M a . 

T h e coll is ion o f the Y a k u t a t block with N o r t h A m e r i c a resu l ted in subduct ion o f the block co inc ident with 
uplift o f t h e K e n a i M o u n t a i n s . T h e extens ion o f the K e n a i M o u n t a i n s into the K o d i a k a r e a suggests t h a t a 
southwest extens ion o f the Y a k u t a t block col l ided with the K o d i a k m a r g i n a n d was comple te ly subducted . T h e 
s u b d u c t e d extens ion o f the Y a k u t a t block could have c o n n e c t e d the now subduct ing h e a d o f Zod iak deep-sea 
fan to a N o r t h A m e r i c a n s o u r c e o f sed iment dur ing deposit ion o f the fan. 

I N T R O D U C T I O N 

A comparison of microfossils from the gulf of Alaska, 
with coeval assemblages from California, Oregon, and 
Washington, provide constraints on past positions of 
allochthonous terranes. We summarize the paleontologic 
data in a number of informal and unpublished reports o f 
the U . S. Geological Survey ( U S G S ) , the State of Alaska, 
the Deep Sea Drilling Project ( D S D P ) , and the Middleton 
Island exploratory well that was released to us by Tenneco 
Oil Company. F rom this biostratigraphy there emerges a 
paleo-oceanographic history of two terranes in the western 
G u l f o f Alaska. 

Recent geological and geophysical studies around the 
G u l f o f Alaska indicate a Cenozoic northward drift o f large 
crustal fragments that are now lodged in the Alaskan 
continent (Stone and Parker, 1979; Plumley et al, 1982; 
Stone et al, 1982; Bruns, 1983a; Plafker, 1983; Moore et al, 
1983). T h e movement histories proposed are based on 
incomplete data, and although all schemes agree on 
northward drift, each is different. The major differences 
involve the amounts o f northward motion and the timing of 
this motion. T h e biostratigraphic data presented here 
provide additional constraints on the northward drift 
history suggested by geologic and paleomagnetic data. 

T h e Prince William terrane and Yakutat block have 
moved north during the Cenozoic (Jones et al, 1981; 
Rogers, 1977). In the Kodiak group of islands, the Prince 
William terrane o f Jones et al (1981) includes not only some 

insular terrane but also the shelf adjacent to the Kodiak 
group of islands and Kenai Peninsula (Fig. 1). T h e Yakutat 
block, to the north and east, is bounded on the northeast by 
the Fairweather fault and the Chugach-Saint Elias thrust 
fault system, on the west by the thrust faults paralleling 
Kayak Island and crossing the adjacent shelf, and on the 
south by the base of the continental slope. T h e biostrati
graphic and paleoclimatic records presented here set 
constraints independent o f plate tectonic models on some 
positions during the Cenozoic migration o f these terranes. 

Our study, based on new materials from the 
Middleton Island well, cores and dredge samples off 
Kodiak Island, and on a review of original materials from 
studies o f other investigators, is reported in a more 
extensive paper by Keller et al (1984) . We focus here on the 
tectonic consequences of that study and add some 
speculations with regard to terranes that may have been 
completely subducted just as the western part o f the 
Yakutat block is presently being subducted beneath Alaska. 

B I O S T R A T I G R A P H I C A N D 
P A L E O - O C E A N O G R A P H I C A N A L Y S E S 

Samples from the onshore and offshore regions o f the 
Gu l f of Alaska have been examined for planktonic and 
benthonic foraminifers, coccoliths, and diatoms to 
determine their age and paleoclimatic conditions of 
deposition. T o obtain relative paleolatitudes, faunal 
assemblages were correlated with onshore marine 
sequences of California, Oregon, and Washington in areas 
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Figure 1—Location map of sites studied, terrane boundaries after Jones et al (1981), and geographic distribution of present faunal 
provinces. YB = Yakutat block. 

that were stable since the sequences were deposited. In 
addition, general paleolatitudes are derived from 
comparison with the present distribution of planktonic 
faunal provinces (subtropical, temperate, subarctic; Fig. 1). 
T h e comparisons with present provinces are adjusted for 
the effects o f major paleoclimatic changes. T h e main effect 
o f globally warmer conditions, for instance, during early 
and middle Eocene time, was a northward shift o f the 
faunal provinces; conversely, during globally cooler 
conditions o f latest Eocene and Oligocene time, the 
subarctic fauna expanded southward. Therefore, our 
paleolatitude determinations based on planktonic faunal 
provinces may be 5 to 10° in error during times of climatic 
extremes. 

Microfossil analyses were provided by several o f our 

colleagues as well as from published sources. Coccoliths 
examined earlier and for this report were analyzed by 
Bukry (in Plafker et al, 1979, 1980; Poore and Bukry, 1978). 
Benthonic foraminifers were examined and reported by 
Rau (Rau et al, 1977; Rau, 1978; Plafker et al, 1979, 1980) 
and for this study by McDougall (Keller et al, in press). 
Planktonic foraminifers were reported for three dredge 
samples by Poore (Poore and Bukry, 1978) and were 
examined for this study by Keller. Diatoms originally 
studied by Koizumi (1973) for sites 192 and 183 and 
Schrader (1973) for site 178 were reexamined by Harper 
(1977) and by Barron (unpublished data). Paleontologic 
data are summarized in Figure 2 with respect to age, 
paleodepth and paleoenvironment; time scale is after 
Berggren et al (in press). 
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Figure 2—Biostratigraphy, age ranges, paleodepth, and paleoenvironment of samples studied for this report and/or published earlier 
from the Prince William terrane, Yakutat block, and Pacific plate. Absolute age scale after Berggren et al (in press), plankton zones after 
Barron (1980, diatoms), Okada and Bukry (1980, nannofossils), Blow (1969, foraminifera), and California benthic stages after Poore 
(1980). Diagonal lines mark hiatuses. Codes: N = samples studied for this report; Nl (Keller, unpublished data, Kodiak shelf), N2 
(Barron, unpublished data, Eastern Gulf of Alaska), N3 and N4 (Keller, this report, samples of Plafker et al, 1979, 1980), N5 
(McDougall, unpublished data, Kodiak shelf and Kodiak Island-Lower Cook Inlet outcrop samples), N6 (this report, Middleton Island 
well), N7 (Keller and McDougall, unpublished data, Orca Group); O = Open-File Report; 0 1 (80-1237), 0 2 (80-1089, Plafker et al, 
1980), 0 3 (77-747, Rau et al, 1977); P = published reports, PI (Tysdal and Plafker, 1978), P2 (Lattanzi, 1979), P3 (Byrne, 1982), S1 = 
State of Alaska Open-File Report 114 (Lyle and Morehouse, 1978). 

Y A K U T A T B L O C K 

E a r l y E o c e n e : 50 M a 
Diverse and well-preserved planktonic foraminiferal 

and coccolith assemblages are present in dredge hauls from 
the lower continental slope o f the Yakutat block (sample 
locations in Plafker et al, 1979, 1980). T h e samples contain 
fossils from a subtropical to warm temperate depositional 
environment o f late early Eocene age. 

These and additional samples have been examined for 
coccoliths (by Bukry in Plafker et al, 1979, 1980; Poore and 
Bukry, 1978), and their late early Eocene age is in close 
agreement with the age determined from the planktic 
foraminifers. A late early Eocene age is also indicated by 
benthic foraminiferal assemblages. Deposition o f benthic 
assemblages occurred at lower middle bathyal or deeper 
depths (1 , 500 m [4, 921 ft] or deeper). Assemblages are 
diverse and composed o f lower middle bathyal species. The 
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bulk o f the assemblages, however, is composed o f species 
with shallower upper depth limits and indicates transport 
from outer shelf and upper slope environments. 

T h e planktic foraminiferal assemblages o f the Yakutat 
block are similar to, although more diverse and abundant 
than, those reported from coeval sequences o f the northern 
Santa Lucia Range of California (present latitude 3 6 ° N ) 
(Poore et al, 1977), the Lodo Formation o f Fresno County, 
California (present latitude 36 . 5 ° N ) (Schmidt , 1970), and 
the Roseburg Formation o f Oregon (present latitude 42 to 
4 5 ° N ) (Miles , 1981) . T h e assemblage in the G u l f o f Alaska 
dredge samples indicates subtropical to warm temperate 
environments or about 20 to 3 0 ° N latitudes in Eocene 
times (Keller, 1983a). T h e comparative relation suggests 
that the Alaskan samples may have been slightly south o f 
the coeval southern California onshore marine sequences 
(Table 1). T h e assemblages reported from the Roseburg 
Formation suggest a cooler environment than in central and 
southern California (Miles, 1981). Miles (1981 , p. 99) 
observed that "planktonic foraminifera o f the Umpqua 
Group (Roseburg, Lookinglass and Flournoy Formations) 
are similar to age equivalent fauna from California, but are 
less diverse and have a more temperate aspect. " These 
cooler aspects o f the Oregon assemblages, as compared to 
the dredge samples from the Yakutat block, also suggest 
that deposition o f the latter samples occurred south o f the 
onshore Oregon marine sequences. 

Benthic foraminiferal assemblages also indicate a warm 
middle- to low-latitude environment. Benthic assemblages 
contain many o f the same species reported by Mallory 
(1959) from the Vacaville Shale correlative with the Lodo 
Formation and other Ulatisian age deposits o f the San 
Joaquin Valley, California, and Hanna's (1926) Rose 
Canyon Shale Member (now abandoned) o f his L a Jolla 
Formation near San Diego, California. T h e shelf and upper 
slope species o f the Gu l f of Alaska assemblages also 
resemble those o f the subtropical shallow-water early to 
middle Eocene age assemblages o f the Guyabal and Aragon 
Formations o f Mexico (about 2 1 ° N latitude; Nuttal, 1930). 
T h e Alaskan assemblages, however, are slightly less diverse 
and commonly contain larger, more highly ornamented 
forms than the California assemblages. These differences 
may either show selective transport and preservation or a 
more southern site o f deposition than the California 
assemblages. 

Tropical species o f the genus Amphistegina from the 
Olympic Peninsula o f Washington are not considered 
equivalent to the coeval Yakutat assemblages because o f the 
questionable age and faunal composition (see Keller et al, 
1984, for a complete discussion). T h e benthic foraminiferal 
assemblages o f the Yukutat block have more affinities to the 
tropical and subtropical assemblages o f southern California 
and Mexico than to coeval Oregon and Washington 
assemblages and were probably deposited at a latitude 
south of, or equivalent to, L a Jolla, California (present 
latitude 33°N) . 

T h e late early Eocene (50 Ma) planktic and benthic 
organisms indicate that the northern G u l f o f Alaska dredge 
samples were originally deposited about 30° farther south 
than their present latitude (58° ) . This compares well with 
the coeval position for the Yakutat block (Table 2) relative 

to North America (Bruns, 1983a) based on the plate 
kinematic models o f Engebretson (1982). 

Middle E o c e n e : 40 to 44 M a 
Planktonic foraminiferal assemblages of late middle 

Eocene are present in dredge hauls from the lower slope o f 
the Yakutat block (locations in Plafker et al, 1979). T h e 
assemblages are indicative o f the temperate midlatitude 
environment o f the northeast Pacific (Fig. 1). 

Coccoliths examined in these samples (Bukry in 
Plafker et al, 1979, 1980; Poore and Bukry, 1978) also yield 
a late middle Eocene age, compatible with the age 
determination based on planktonic foraminifers. T h e most 
age diagnostic samples contain assemblages o f the late 
middle Eocene or earliest upper Eocene (Poore and Bukry, 
1978), although the assemblages lack primary index species. 

A middle Eocene age is also indicated by benthic 
foraminifers diagnostic o f the Narizian Stage that spans 
from the base o f the middle Eocene into early late Eocene 
time (Fig. 2) . Benthic foraminifers are common and diverse 
in the dredge samples. The planktonic and benthic 
assemblages both indicate a late middle Eocene age for 
these samples. 

Benthic foraminiferal assemblages indicate deposition 
at lower middle bathyal (1 , 500 to 2, 000 m [4, 9 2 1 - 6 , 562ft]) 
or greater depths. These species suggest that deposition 
occurred below an upper-slope oxygen minimum zone. 

Planktic foraminiferal assemblages in the middle 
Eocene rocks o f the Yakutat block represent a temperate 
midlatitude environment similar to coeval assemblages o f 
the Kreyenhagen Formation (present latitude 3 6 ° N ; 
Milam, unpublished data, 1983), the San Lorenzo 
Formation o f northern California (Poore and Brabb, 1977), 
and the cooler Flournoy Formation of Oregon. Abundance 
of the cool temperate forms in the Yakutat block samples 
suggest that the depositional environment o f this fauna was 
just north of the presently onshore coeval marine sequences 
in California and at about the same latitude as the Flournoy 
Formation o f Oregon, or about 20 + 5° south of its present 
position (Table 1). 

Benthic foraminiferal assemblages also indicate a 
temperate to middle latitude fauna. Assemblages similar to 
those o f the Yakutat block are common in the Kreyenhagen 
Formation in southern California (Cushman and Hanna, 
1927; Jeffries, unpublished investigation. Most o f the 
species are also found in other Narizian assemblages in 
California (Mallory, 1959) but less commonly in 
Washington and Oregon assemblages (Rau, 1966; 
McDougall , 1980); they are nearly absent in Alaskan 
assemblages (Rau et al, 1977). Narizian age benthic 
foraminiferal assemblages from the Pacific Northwest are 
present in the Coaledo Formation (present latitude 
4 3 ° 3 0 ' N ; Roth, 1974), the "sedimentary rocks of late 
Eocene age" from the Cowlitz and Mcin tosh Formations 
(present latitude 46 to 4 7 ° N ; Beck, 1943; Rau, 1958, 1966, 
1981; Armentrout et al, 1980; McDougal l , 1980), and the 
Lyre Formation and lower part o f the Twin River 
Formation (now revised to Twin River Group; present 
latitude 4 8 ° N ; Rau, 1964). These assemblages, however, 
contain more upper-slope and shelf species than either the 
Yakutat block dredge samples or the Kreyenhagen 



Table 1 

Age Zone Samples Paleobathymetry 
Correlations 
( 'partial) Present Latitude 

Early Eocene 
50 Ma 

P8 or P9 
CP11 
Ulatisian 

S5-EG-43E, 43F 
Chan-79-41B, 
43 

lower middle 
bathyal or deeper 

≥ 1, 500 m 
downslope 
transport 

Santa Lucia Range, CA 
Lodo Fm. *, CA 
La Jolla Fm. of Hanna, 
(1926), CA 
Guyabal Fm. and 
Aragon Fm., 
Mexico 

subtropical to 
warm temperate 
3 0 ± 5 ° N 

Middle Eocene 
44-40 Ma 

P13 or P14 
CP14b or 
CP15a 
Narizian 

S5-78-44E-44F, 
44D, Chan-79-
36A, 36C, 
41A, 43A 
37C 

lower middle 
bathyal or deeper 

≥1500-2, 000 m 

lower bathyal, 
abyssal 

Kreyenhagen Fm. *, CA 
San Lorenzo Fm. *, CA 
Lincoln Creek Fm. *, 
WA 

temperate 
4 0 ± 5 ° N 

Late Eocene 
40-36 Ma 

P16-P17 
P15 
L. Narizian 
to Refugian 

W-79-45 
72-APR-112 
70A, 106E, 52A 
S2-77-E6 
Chan-10A, 24B 
39F, 39G, 38A 

middle bathyal 
< 1 , 500 m (Narizian) 
upper slope-shelf 
transport in 
Refugian 

Lincoln Creek Fm. * 
Twin River Gp. *, 
WA 
Bastendorff Fm. *, 
OR 

cool temperate 
4 5 ± 5 ° N 

Middle Eocene 
42-40 Ma 

P15 or P14? 
CP14bor 
CP15a 
Narizian 

Middleton Is. 
3, 658-3, 642 m, 
3, 639-3, 642 m 

lower bathyal 
2, 000-4, 000 m 

S5-78-EG-44 
Chan-79-36, 
37 

cold subarctic 
5 0 ± 5 ° N 

Late Eocene 
38-36 Ma 

P16-P17 3, 495-3, 432 m lower bathyal 
2, 000-4, 000 m 

W-79-45 cold subarctic 
5 0 ± 5 ° N 

Late Eocene and 
early Oligo 
(undifferent) 
38-34? Ma 

P17or 
P18-P19 
Narizian to 
Refugian 

3, 347-3, 207 m, 
to 2, 347 m 
3, 246-1, 329 m 

lower bathyal 
2, 000-4, 000 m 
downslope 
transport 

Lincoln Creek Fm. *, 
WA, 
DSDPsi te 192 

cold subarctic 
north of 
5 0 ± 5 ° N 

Oligocene 
36?-32 Ma Zemorrian 1, 469-1, 213 m lower to middle 

bathyal > 1 , 500 m 
downslope 
transport 

Lincoln Creek Fm. * t 

WA 
present latitude 

Early Miocene Saucesian 1, 469-1, 213 m lower to middle 
bathyal > 1 , 500 m 

present latitude 

Late Miocene 
to Pleistocene 

701-219 m shelf, neritic present latitude 

Table 1—Summary of chronostratigraphy, paleobathymetry, onshore correlations, and paleolatitude determinations relative to present latitude of 
assemblages or Pacific faunal zones of key samples from the Yakutat block and Prince William (Middleton Island well) terrane. 
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Table 2 

Age 
Yakutat Block 

Faunal Tectonic 
Prince William Terrane 
Faunal Tectonic 

Pacific Plate 
Faunal Tectonic 

Late Oligocene 
to early Miocene 
20-30 Ma 

north of 
50 ± 5° N 50-53° N 

north of 
5 0 ± 5 ° 

present north of 
5 0 ± 5 ° 

44-47° N 

Late Eocene to 
early Oligocene 
34-36 Ma 

north of 
50 ± 5° N 49-50° N 

north of 
50 ± 5° 

present north of 
50 ± 5° 

43° N 

Late Eocene 
36-40 Ma 

48 ± 5° N 48-49° N 50 ± 5° N present (192) 45 ± 5°N 42° N 

Middle Eocene 
40-44 Ma 

44 ± 5° N 46-48° N 50 ± 5° N present (192) 40 ± 5°N 40-42° N 

Early Eocene 
50 Ma 

35 ± 5° N 37° N (192) 30 + 5°N 37° N 

Paleocene 
62 Ma 

paleomagnetic 
position of the 

Ghost Rocks Fm. 
40 ± 9°N. 

Late Cretaceous (192) 15 ± 5°N 26° N 

Table 2—Comparison of absolute paleolatitude positions determined from faunal data and plate tectonic models for the Yakutat block, 
Prince William terrane, and Pacific plate; onshore correlations corrected for southward drift of North America during the Cenozoic. 

Formation. Important, however, in these Pacific Northwest 
onshore sections is the successive northward decrease in 
abundance o f the species common to both the Kreyenhagen 
and Yakutat dredge samples, indicating an apparent 
temperature gradient from north to south. T h e middle 
Eocene assemblages in Yakutat dredge samples suggest that 
deposition occurred at about 4 0 ° ± 5 ° N present latitude. 
T h e middle Eocene 4 4 ° N (present latitude) position o f the 
Yakutat block predicted by the plate tectonic reconstruction 
o f Bruns (1983a) is in good agreement with the faunal 
paleolatitude determination (Table 2) . 

L a t e E o c e n e : 38 to 40 M a , 36 to 38 M a 
Late Eocene (38 to 40 Ma) planktonic foraminiferal 

faunas were found in Yakutat block dredge samples and a 
sample from Kayak Island (locations in Rau et al, 1977; 
Plafker et al, 1979). T h e Kayak Island samples contain 
sparse late Eocene assemblages, although the zonal index 
marker is missing. T h e faunal assemblage suggests a cool 
temperate midlatitude environment. 

One dredge sample also contains a cool-water 
assemblage that first appears in the latest Eocene (Keller, 
1983a, 1983b), and some o f the common forms suggest that 
this sample is no older than 36. 3 to 38 M a but may be as 
young as early Oligocene. 

A late Eocene age (Refugian Stage) is also indicated by 
benthic foraminifers in both the dredge and the samples 
from Kayak Island (Rau et al, 1977). These benthic 
assemblages are similar to those observed by Rau et al 
(1977) in the Cape St . Peters and Kayak Island sections. 

T h e late Eocene faunas indicate deposition at middle 
bathyal depth ( < 1 , 500 m[4, 921 ft]). However, a faunal 
change suggests either a gradual shallowing or increased 
sediment transport from shallower biofacies. 

T h e generally cool temperate faunas o f the Yakutat 
block late Eocene assemblages are similar to those 
examined from coeval onshore marine sequences in the 
Bastendorff Formation of Oregon (present latitude 4 5 ° N ; 
Warren and Newell, 1981) and in the Sapsop and Little 
River sections o f the Lincoln Creek Formation o f 
southwest Washington (Keller, unpublished data). 
However, the lower species diversity of coeval assemblages 
from the Lincoln Creek Formation indicate deposition in a 
cooler environment than assemblages from the Yakutat 
block. T h e late Eocene and early Oligocene depositional 
environment o f the Yakutat block was probably slightly 
south of the southwestern Washington and at a similar 
paleolatitude to that o f the Bastendorff Formation of 
Oregon, or about 4 5 ° ± 5 ° N present latitude (Table 1). 
T h e same paleolatitude is predicted for the Yakutat block 
based on the plate tectonic reconstruction by Bruns (1983) 
(Table 2) . 

The late Eocene (36 to 38 Ma) benthic foraminiferal 
assemblages of the Yakutat block are most similar to the 
cold-water late Eocene assemblages of the Lincoln Creek 
Formation (Rau, 1966; McDougall , 1980), and the shallow-
water facies o f the Twin River Group o f Washington (Rau, 
1964). Benthic assemblages similar to the Twin River 
Group o f Washington (Rau, 1964) are found in various 
upper Eocene onshore sections around the Gu l f o f Alaska 
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(Rau et al, 1977) and in the Middleton Island well, but 
these assemblages are commonly dominated by arenaceous 
forms characteristic of cooler shelf and slope faunas. Late 
Eocene assemblages from California (Mallory, 1959) and 
Japan (Ujie and Watanabe, 1960) also contain many of the 
same species as found in rocks of the Yakutat block; 
however, these more southern assemblages also contain 
warmer water species not present in Alaskan latitudes. 
These faunal comparisons suggest that the late Eocene to 
early Oligocene Yakutat block samples were deposited in an 
environment similar to samples from southwestern 
Washington and Oregon, or about 45 ± 5 ° N present 
latitude, in agreement with the latitude o f deposition 
indicated by planktonic foraminifers and by plate tectonic 
reconstruction (Table 2) . 

P R I N C E W I L L I A M T E R R A N E : 
M I D D L E T O N I S L A N D W E L L 

Microfossil assemblages from the Middleton Island 
well (present latitude 5 9 ° 2 5 ' N ) are generally sparse and 
poorly preserved in the upper part o f the well; however, in 
the lower part definite age assignments could be made. 
Sixty-six samples were examined for coccolith and 
foraminifers. Twenty of these contained coccoliths, but 
only four samples have diagnostic or diverse assemblages 
adequate for good age correlations. Planktonic foraminifers 
are also poorly represented, whereas benthic foraminifers 
are more common. The Middleton Island well was studied 
earlier by Rau for benthic foraminifers (Rau et al, 1977) 
with the few samples available at that time. Correlations 
and faunal comparisons were made between the Middleton 
Island well and sediments of the Yakutat block described in 
Plafker et al (1979, 1980), Rau et al (1977) , and Poore and 
Bukry (1978). All the samples were reexamined for 
planktonic foraminifers by Keller et al (1984) . 

L a t e Middle E o c e n e : 40 to 42 M a 
T h e basal sample o f the Middleton Island well (3, 658 

to 3, 642 m [12, 0 0 1 - 1 1 , 949 ft]) contains the coccolith index 
species for the early late Eocene (38. 5 to 40 Ma) . Coccolith 
assemblages o f sample 3, 639 to 3, 642 m (11 , 9 3 9 - 1 1 , 949 ft) 
contain forms that suggest the late middle Eocene. T h e 
overlying sample (3, 633 to 3, 637 m [11, 9 1 9 - 1 1 , 932 ft]) 
contains forms that suggest a late Eocene age in agreement 
with the age determined from planktonic foraminifers. 
Coccolith stratigraphy therefore indicates that the middle 
to late Eocene boundary falls between sample 3, 642 m 
(11, 949 ft) and 3, 636 m (11, 929 ft) with a possible hiatus. 
Therefore, at its greatest depth the Middleton Island well 
penetrated late middle Eocene or earliest late Eocene 
sediment (40 to 42 Ma) . 

Benthic foraminifers are rare in the lower part o f the 
Middleton Island well (3, 658 to 3, 258 m [12, 0 0 1 - 1 0 , 689 
ft]), but they also suggest a middle to late Eocene age. Rau 
et al (1977) reported a more diverse benthic fauna of 
questionable early to middle Eocene age, which could not 
be confirmed by Keller et al (1984). 

T h e low-diversity microfossil assemblages in the 
Middleton Island well, as compared to coeval assemblages 
from dredge hauls from the continental slope of the Yakutat 

block, indicate that the Middleton Island assemblages were 
deposited in a significantly cooler water environment. This 
relation suggests that the Middleton Island late middle to 
early late Eocene fauna probably accumulated north of 
coeval sequences dredged from the Yakutat block. 

L a t e E o c e n e : 36 to 38 M a 
Planktic foraminiferal assemblages in samples between 

3, 495 and 3, 423 m (11 , 467 and 11, 260 ft) are indicative of 
the late Eocene (36. 5 to 38 M a ) , although in the absence o f 
the index species, it could be as young as early Oligocene. 
Coccolith assemblages are determinate late Eocene to early 
Oligocene. This sample is coeval with a dredge sample 
from the Yakutat block, as discussed earlier. T h e low faunal 
diversity and absence of warm-water species in both the 
Middleton Island well and the Yakutat sample suggest a 
similar cool environment indicative of high northern 
latitudes. 

L a t e s t E o c e n e a n d E a r l y Ol igocene: 34? to 38 M a 
Middleton Island well samples between 3, 347 and 

3, 207 m (10, 981 and 10, 522 ft) contain planktonic 
foraminiferal assemblages indicative of late Eocene or early 
Oligocene age. Coccolith assemblages between 3, 505 and 
3, 613 m (11 , 499 and 11, 854 ft) can, at best, be assigned a 
late Eocene to early Oligocene age. This age is in good 
agreement with age determinations based on planktonic 
foraminifers. 

Planktic microfossils are rare between 3, 240 and 2, 347 
m (10, 630 and 7, 700 ft) but suggest that this interval is also 
of late Eocene or early Oligocene age. No planktonic 
microfossils are present between 2, 347 and 890 m (7, 700 
and 2, 920 ft); the latter sample contains latest Oligocene or 
early Miocene planktonic foraminifers. 

Benthic foraminifers o f late Eocene age are also 
observed between 3, 246 and 1, 329 m (10, 650 and 4, 360 ft). 
Mixed assemblages o f Narizian and Refugian Stage species 
are present between 3, 222 and 2, 682 m (10, 571 and 8, 799 
ft) with Refugian Stage species more common in the upper 
part. Similar mixed Narizian and Refugian Stage species 
assemblages were observed in coeval sediments o f 
Washington and Oregon (McDougall , 1980). T h e late 
Eocene and early Oligocene age o f the well section 
(Narizian to Refugian; Poore, 1980) agrees well with the 
age determinations based on planktonic microfossils. T h e 
benthic foraminiferal assemblages between 3, 246 and 2, 673 
m (10, 650 and 8, 770 ft) contain many species characteristic 
of middle to lower bathyal depths with an influx of 
transported material from a nearby slope and shelf region. 

T h e long-ranging, low-diversity planktic foraminifers 
from the late Eocene and early Oligocene section of the 
Middleton Island well (present latitude 59°25 'N) are 
indicative of a cold water environment similar to coeval 
assemblages of the Lincoln Creek Formation of southwest 
Washington at 4 7 ° N present latitude. T h e cooler 
assemblages at the Middleton Island well, however, appear 
to have lived at a somewhat higher latitude than those o f 
the Lincoln Creek Formation. We think the Middleton 
Island late Eocene sediment was deposited in an 
environment north o f 50 ± 5 ° N present latitude (Table 1). 

Coccolith assemblages also indicate a cold-water 



128 von Huene, Keller, Bruns, McDougal l 

environment as suggested by poor diversity and by the lack 
of tropical taxa. These cold-water assemblages are most 
similar to coeval assemblages from D S D P site 192 in the 
western North Pacific and also indicate that deposition 
occurred in colder waters than assemblages from 
southwestern Washington. 

Ol igocene (32? to 36 M a ) 
Benthic species diagnostic o f the Oligocene are present 

between 6, 289 and 5, 193 m (20, 633 and 17, 037 ft) (see also 
Rau et al, 1977). N o planktonic microfossils are present. 
Benthic assemblages indicate deposition at middle to lower 
bathyal depths with continued transport from shelf and 
upper-slope regions. 

Miocene to P le i s tocene 
Rare early Miocene species occur in sample 

5, 1 9 3 - 5 , 219 m (17, 0 3 7 - 1 7 , 123 ft) and more commonly in 
sample 3, 8 1 0 - 3 , 836 m (12, 5 0 0 - 1 2 , 585 ft). Planktic 
foraminifers in sample 3, 8 1 0 - 3 , 836 also suggest an early 
Miocene or very latest Oligocene age. Deposition continued 
in a lower to middle bathyal environment. 

T h e upper part o f the Middleton Island well, 3, 001 to 
939 m (9, 8 4 6 - 3 , 081 ft), is o f late Miocene to Pleistocene 
age (undifferentiated). Thus , a hiatus is present between 
the early and late Miocene deposits, a circumstance also 
observed in the nearby deep-ocean D S D P site 178 and 
noted by Lagoe (1983) in samples from Cape Yakataga. T h e 
presence of shallow-water benthic species, including 
numerous Elphidiums, suggest deposition at shelf depths or 
transport from inner shelf regions. 

P A C I F I C P L A T E 

D S D P cored sequences provide sufficient continuity 
to show the chronostratigraphic and paleoclimatic record 
and variations in the sedimentation patterns that result 
from large-scale changes in oceanographic conditions. 
Figure 3 illustrates the chronostratigraphic and lithologic 
records of deep-sea sequences o f D S D P sites 192, 183, and 
178, which are presently at high northern latitudes, and the 
Middleton Island well. T h e Yakutat block is not included 
because no similar cored sequence is available. T h e D S D P 
sites are on the Pacific plate and hence, during their 
northward migration, their relative positions on the plate 
remained constant through time. T h e related position of 
the Middleton Island well located on the Prince William 
terrane is less well known. Because of similar faunal and 
floral records (Fig. 3) , the sediment at the Middleton 
Island well was probably deposited within the same general 
paleo-oceanographic and paleoclimatic regime as those o f 
the D S D P sites. 

L a t e C r e t a c e o u s 
T h e oldest sediment overlying basement at site 192 

(Hole A) is o f Maestrichtian age (70 to 68 Ma) . Coccolith 
assemblages indicate a tropical to subtropical environment; 
however, absence of siliceous microfossils suggest that 
deposition occurred north o f the high productivity 
equatorial region (Worsley, 1973), or about 15 ± 5 ° N 

present latitude. This position is in good agreement with 
the predicted position o f 19°N latitude based on plate 
tectonic reconstructions by Engebretson (1982, Table 2) . 

Sediment recovered from the Ghost Rocks Formation 
o f the Kodiak Islands was considered to be o f Late 
Cretaceous and Paleocene age by Byrne (1982) . Based on 
paleomagnetic data, Plumley et al (1982) infer a Paleocene 
(62 Ma) paleolatitude o f the Kodiak Islands about 17 ± 6° 
south of their present latitude. No sediment o f Paleocene 
age was recovered in the north Pacific D S D P sites. At site 
192 a hiatus marks the position of the uppermost 
Cretaceous, the Paleocene, and part o f the early Eocene (68 
to 51 M a ) , and at site 183 early Eocene sediments rest on 
basement basalt (Fig. 3). 

E o c e n e 
Eocene sedimentation is disrupted by hiatuses at the 

early-middle Eocene boundary (49 to 46 M a ) , middle-late 
Eocene boundary (43 to 41 Ma) , and during late Eocene 
(39 to 37. 5 Ma , Figs. 2, 3). Early Eocene (51 to 49 Ma) 
coccolith assemblages at site 192 suggest that deposition 
occurred in the low-productivity central water mass (Fig. 1, 
Worsley, 1973), or at about 30 ± 5 ° N latitude and hence at 
a similar latitude to coeval assemblages of the Yakutat 
block. Plate tectonic reconstructions place site 192 and the 
Yakutat block at 3 1 ° N present latitude (Table 2) , in 
agreement with the latitudinal limits determined from 
faunal evidence. 

Middle Eocene sediment at site 192 indicates 
deposition within the central to temperate water masses, or 
about 40 ± 5 ° N latitude, as compared to 3 6 ° N latitude 
determined by plate reconstruction (Table 2) . Late Eocene 
assemblages (37 to 40 Ma) are indicative o f a cold subarctic 
environment, or about 45 ± 5 ° N latitude. Plate tectonic 
reconstruction suggests a somewhat lower position of 3 8 ° N 
present latitude (Table 2). 

Cold subarctic assemblages are also present in the late 
Eocene sediment o f site 183, although preservations o f 
microfossils is poor. Wolfe (1977) reports pollen 
assemblages dominated by conifers, similar to coeval 
assemblages from the Alaskan mainland and cooler than 
coeval assemblages from Washington and Oregon. It was 
also observed earlier that foraminifers from the Middleton 
Island well indicated a position north of the Lincoln Creek 
Formation of Washington (i. e., north of 5 0 ° N latitude). 

Thus , late Eocene to early Oligocene assemblages (34 
to 37 Ma) from the Pacific (site 192), Prince William 
terrane (Middleton Island well), and the Yakutat block 
contain assemblages from the subarctic faunal province or 
about 50 ± 5 ° N present latitude. In contrast, plate tectonic 
reconstruction indicates that the late Eocene and early 
Oligocene position of sites 192 and 183 was about 10° 
further south, and the Yakutat block was about 12° further 
south (Bruns, 1983a; Table 2) . This discrepancy may be 
explained by a southward expansion of the subarctic fauna 
in the latest Eocene and Oligocene resulting from initiation 
o f polar glaciation (Keller, 1983a, 1983b; Keigwin and 
Keller, 1984). Therefore, the effect on faunal paleolatitude 
determinations would be a bias towards cooler, that is, 
higher latitudes at this time. 
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Figure 3—Biostratigraphic correlation and lithologies of sediments in DSDP sites 192, 183, and 178 and the Middleton Island well. 
Dashed zigzag lines mark hiatuses. Diagonal lines mark dissolution in sediments. The biostratigraphy at DSDP sites has been previously 
studied: nannofossils by Worsley (1983), diatoms for sites 192 and 183 by Koizumi (1973), Harper (1977), and Barron (unpublished data), 
foraminifers by Echols (1973) for sites 192 and 183 and by Keller (this report) and for site 178 by Ingle (1973). Absolute age scale after 
Berggren et al (in press). 

Ol igocene 
Microfossil preservation in Oligocene sediment is 

poor, and a hiatus appears to represent the late Oligocene 
(30 to 20 Ma , Fig. 2) . In addition, late Eocene to early 
Oligocene assemblages are commonly indistinguishable and 
indicate cold subarctic conditions. This circumstance 
suggests that by Oligocene time deposition at the North 
Pacific D S D P sites, the Prince William terrane, and the 

Yakutat block occurred in cold water north o f Washington, 
or north of 50 ± 5 ° N present latitude. 

M i o c e n e to P le i s tocene 
Early Miocene sediment (23 to 20 Ma) is present at all 

North Pacific D S D P sites and the Middleton Island well 
(Fig. 2) . Early Miocene assemblages are found in a 
limestone layer at sites 192, 183, and 178 and sediment 
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enriched in carbonate at the Middleton Island well. 
Hiatuses are present throughout the Miocene sequences at 
sites 192 and 183, in the late Miocene (10 to 9 Ma) , middle 
Miocene (14 to 11. 5 Ma) , and early Miocene (20 to 15 Ma) . 
At site 178 and Middleton Island well, hiatuses occur 
between 9 to 20 M a and 6. 5 to 20 Ma, respectively. 

Biostratigraphic control in the late Miocene to 
Pleistocene sequences is excellent, except for the Middleton 
Island well where correlation is more tenuous because of 
poor preservation o f microfossils. Faunal and floral 
assemblages are typical o f a subarctic to arctic 
environment. 

T e r r a n e K i n e m a t i c s 
T h e concept that the Prince William terrane and 

Yakutat block migrated northward during the Cenozoic has 
been addressed in paleomagnetic studies and plate tectonic 
reconstructions (Stone et al, 1982; Plumley et al, 1983; 
Moore et al, 1983; Bruns, 1983a) and are illustrated in 
Figures 4 and 5 with positions from our faunal data. 
Paleomagnetic data from the Prince William terrane 
(Plumley et al, 1983; Moore et al, 1983) show that early 
Paleocene (about 62 Ma) volcanic rocks o f the Ghost Rocks 
Formation o f Kodiak Island were emplaced at 25 ± 9° 
south of their present position (Figs. 4, 5) . Moore et al 
(1983) present three models for movement o f the Prince 
William terrane. Paleontologic data are consistent with 
these models but do not aid in differentiating between 
them. T h e Ghost Rocks Formation and the Middleton 
Island well are on the same terrane (Jones et al, 1981) and 
thus migrated northward together. Our paleontologic data 
indicate that the Middleton Island middle Eocene sediment 
was deposited about 8 ± 5° south of its current location. 

Paleontological data indicate that the Yakutat block 
moved into the Gu l f of Alaska after the Prince William 
terrane. T h e foraminiferal fauna o f the Yakutat block are 
similar to coeval late early Eocene fauna o f California at 
3 6 ° N present latitude, to middle Eocene fauna of northern 
California at 4 0 ° N present latitude, and to late Eocene 
fauna o f southwest Washington (Table 1) at about 4 5 ° N 
present latitude. Oligocene fauna (about 34 Ma) suggest a 
high-latitude depositional environment north o f about 50 ± 
5 ° N present latitude. Fauna o f equivalent ages from the 
Prince William terrane and Yakutat block show that the 
Yakutat block was at least 10° south o f the Prince William 
terrane during middle Eocene time and reached a similar 
latitude no earlier than middle Oligocene time. 

Recent geological and geophysical studies o f the 
Yakutat block indicate that it is currently colliding with, 
and accreting to, southern Alaska (Plafker et al, 1978; von 
Huene et al, 1979b; Bruns, 1979; Perez and Jacob, 1979; 
Lahr and Plafker, 1980; Bruns and Schwab, 1983) and that 
it has moved with the Pacific plate for at least Pliocene and 
Quaternary time (Schwab et al, 1980; Bruns, 1983a). One 
plate tectonic model for the movement history o f the 
Yakutat block, which suggests that it moved with the 
Pacific and Kula plates since the Eocene (Fig. 5; Bruns, 
1983a), agrees with the predicted position o f the Yakutat 
block and the Eocene and Oligocene positions indicated by 
this study. Thus , within the limits o f uncertainty in the 
latitude determinations, the paleontological data and 
terrane path reconstruction are consistent. 

Figure 4—Plot of absolute paleolatitude versus age of sites 
studied in this report. All paleolatitudes have been adjusted for 
motion of Pacific and North America plates based on the 
movement of these plates relative to the fixed hotspot reference of 
Engebretson (1982). Travel paths relative to a fixed North 
America reference frame are shown in Figure 5. Circles with error 
bars indicate best estimate of paleolatitude positions determined 
from faunal data. Triangle with error bar marks paleomagnetic 
data of Plumley et al (1982, 1983). Labeled lines indicate latitude 
positions of indicated terranes and DSDP sites according to plate 
tectonic reconstructions of Engebretson (1982), Moore et al 
(1983), and Bruns (1983a). Inset shows southward drift of North 
America plate during last 70 Ma. Total closure between 
northward-moving terranes and North America plate can be 
determined by subtracting paleolatitudes of equivalent ages. 

In summary, paleolatitudes determined from micro-
faunas and floras in the Gu l f o f Alaska coastal and offshore 
areas provide three main tectonic constraints: (1) The 
Prince William terrane was at a high northerly latitude near 
its present position by 40 to 42 Ma . This observation is 
consistent with paleomagnetic data from Kodiak Island 
(Plumley et al, 1983), provided the Prince William terrane 
traveled northward with the fast-moving Kula plate from 
62 to 45 M a and was incorporated into Alaska by about 45 
Ma. (2) Fossil assemblages from the Yakutat block require 
northward motion of about 30° relative to a North 
American point o f origin and also require that the Yakutat 
block was about 10° south of the Prince William terrane 
through Eocene and Oligocene time. These data are 
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Figure 5—Backtrack positions of sample localities described in this paper (relative to a North America plate fixed in its current 
position). Heavy solid lines show movement paths according to Pacific-North America poles of Engebretson (1982), and models for 
Prince William terrane of Moore et al (1983) and for the Yakutat block (YB) of Bruns (1983a). Numbers along lines indicate positions in 
million years. Latitude position of Kodiak Island at 62 Ma based on paleomagnetic data of Plumley et al (1982, 1983). 

consistent with motion of the Yakutat block with the Pacific 
and Kula plates during the past 50 M a , as suggested by 
Bruns (1983a). (3) Data from the Pacific plate require about 
40° o f northward motion and are consistent with the plate 
tectonic reconstruction of Engebretson (1982) for Pacific 
plate motion based on hot-spot tracks. 

I M P L I C A T I O N S O F T H E 
Y A K U T A T B L O C K H I S T O R Y 

T h e 30° northward transport o f the Yakutat block 
suggested by paleontologic data and the interaction o f the 
block with the Alaskan continent are dynamic examples o f 
processes inferred from ancient inactive terrane sutures. 
T h e Yakutat block has collided with Alaska on the north 
and has been subducting beneath Alaska on the west for 
the past 4 m. y. (Bruns, 1983a). Subduction o f the block is 
shown by a distinctive magnetic anomaly that extends 
along the seaward margin o f the Yakutat block and then 
continues about 280 km (174 mi) across the shelf west of 
the zone where the block is subducted. T h e anomaly 
reaches the Kenai Peninsula (Schwab et al, 1980), but its 
full extent has not been determined by magnetic surveying 
on land. Where the magnetic anomaly crosses the shelf, the 
amplitude decreases, indicating an increase in depth of the 
causative body. T h e increased depth indicates subduction 
of the Yakutat block. Thus , we infer a minimum length of 
the block now subducted beneath the late Mesozoic and 
early Tertiary rocks of the continent (Schwab et al, 1980; 

Bruns, 1983b) . T h e minimum length of the subducted 
anomaly in the direction o f plate convergence (258 km [160 
mi]) divided by the rate o f Pacific-North American relative 
plate convergence (6. 6 cm/year [2. 6 in. /year]) gives a 
nearly 4 m. y. minimum age for initial subduction of the 
west end of the anomaly. 

Another possible sign of subduction o f a terrane is 
seen about 40 km (25 mi) west and 60 km (37 mi) south of 
the end of the magnetic anomaly in the passage that 
separates the Kenai from the Kodiak Mountains. Fisher et 
al (1983) have pointed out a 30 km (19 mi) long sequence o f 
reflections that plunge from a depth o f 11 km to 23 km 
(6. 8 -14 mi) in an arch that parallels the top o f the Benioff 
zone (Fig. 6) . Using their suggested velocities and the time 
interval from top to bottom o f the reflective sequence 
indicates a layer from 2 to 5 km (1 . 2 - 3 . 1 mi) thick. One 
cause these authors suggest for the reflections is a 
sedimentary rock sequence that could have been detached 
from the subducting plate. We believe that sediment 
sequence o f this thickness might represent part o f a 
subducted terrane. 

Subduction o f the westernmost end o f the Yakutat 
block at least 4 m. y. ago corresponds roughly with the 
initial uplift o f the present Kenai Mountains. This uplift is 
marked in Cook Inlet by the introduction of detritus from 
the mountain range and the end of a sediment supply from 
the interior o f the continent during the Pliocene, or about 5 
m. y. ago (Kirschner and Lyon, 1973). Prior to the 
mountain-building phase, the Kenai area was an eroded 
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Figure 6—Diagrammatic section through the waterway between the Kenai Peninsula and Kodiak group of islands and normal to the 
trench showing some tectonic features of the Prince William terrane, the extent of the subducted continuation of the Yakutat block slope 
magnetic anomaly, and the deep layered seismic reflections. The component of convergence along the line of section is 4. 7 cm/year (1. 9 
in/year), and the time in Ma since introduction of a point on the oceanic plate is shown by numbers along the line between the trench 
and the Benioff zone. Earthquake hypocenters located from records of a local network during the period 1971 to 1980 are projected from 
20 km (12 mi) on either side of the line of section. 

lowland. T h e concordant summits o f the Kenai Mountains 
reflect a pre-Pliocene erosional surface that extended across 
the present mountainous areas. On the adjacent continental 
shelf a regional erosional surface forms the base of a 
reflective sequence in most seismic reflection records 
(Fisher and von Huene, 1980; Bruns, 1979). This extensive 
erosion surface was disrupted by mountain building and 
subsidence in the present land and continental shelf areas, 
respectively. 

T h e Kenai-Kodiak Mountains are in a peculiar 
position and have no counterpart in the rest o f the Aleutian 
arc-trench system. Forearc areas are generally not the sites 
o f high mountains. Furthermore, the Benioff zone beneath 
the Kenai-Kodiak area has an anomalous shallow dip (4 to 
5° ) and the distance between the trench and arc (almost 
400 km [249 mi]) is unusually great (Jacob et al, 1977). 
Thus , some process in addition to normal subduction o f 
ocean crust might be considered. 

T h e deep crustal mechanism by which subduction of a 
block causes the uplift o f mountains is conjectural; 
however, the concurrent uplift o f the Kenai Mountains, 
depression of the shelf, and the subduction of the Yakutat 
block suggest a genetic relation. I f the Kenai Mountains 
were indeed formed by the collision and subduction o f the 
Yakutat block, this relation could provide an explanation 
for some unresolved tectonic problems along the western 
G u l f o f Alaska, and we present these ideas to stimulate 
further consideration. 

I f uplift o f the Kenai Mountains is related to the 
collision and subduction o f the Yakutat block, then it begs 
the question o f the origin o f the Kodiak Mountains, which 
are the southwest continuation o f the Kenai Mountains. 
T h e Kodiak area has the unusually great arc-trench 
separation and the shallow-dipping Benioff zone noted 

beneath the Kenai Peninsula and Prince William Sound 
(von Huene et al, 1979a). Did the Yakutat block once 
extend southwest o f its present boundaries on part of the 
ocean crust now subducted beneath the Kodiak group of 
islands? Could the subduction of a southern continuation 
of the Yakutat block be responsible for the Kodiak 
Mountains? Not only does the anomalous position of the 
Kodiak Mountains suggest such a subducted continuation 
o f the block, but so does the Zodiak Fan. 

T h e Zodiak Fan has been an unexplained feature of 
the western G u l f o f Alaska since its discovery by Hamilton 
(1967). Stevenson et al (1983) have defined the extent o f 
this huge fan complex and show that its proximal part is 
subducting just south of the Kodiak group of islands (Fig. 
7). Thus , the feeder channel and associated continental 
margin are on the now subducted Pacific plate beneath the 
Kodiak area. Stevenson et al (1983) considered several 
models to connect Zodiak Fan to a North American source 
of sediment, but these remained equivocal. 

We reconstruct a terrane convergence history using the 
plate motion model o f Engebretson (1983) . T h e subducted 
leading or northwest edge of the Yakutat block and its 
extension are positioned beneath the Kenai-Kodiak 
mountains at the time mountain building started. T h e 
present position is then derived by moving the leading edge 
with the Pacific plate during the past 5 m. y. (Fig. 7) . T h e 
trailing edge position o f the subducted block beneath the 
Kodiak area is poorly constrained by geophysical data but 
can be estimated from the position o f the head o f Zodiak 
fan, assuming its apex was at the base of the extension o f 
the Yakutat block. This position also corresponds to the 
southwest end o f the Kenai-Kodiak mountains. T h e shape 
of the Yakutat block extension was diagrammed based on 
these assumptions (Fig. 7). 
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Figure 7—Reconstruction of a possible subducted extension of the Yakutat block beneath the Kodiak area. The area of the Pacific plate 
that subducted between 1 and 8 m. y. ago and may have extended between Zodiak Fan and the Yakutat block is indicated by hatchurs. 
Position of the Yakutat block, its possible southwest extention, and Zodiak Fan are shown when the fan first began to develop (40 Ma), 
when fan sedimentation ended (26? Ma), and in its present position (subducted parts hatchured). Migration of the Yakutat block and its 
subducted continuation along the magnetic anomaly marking the slope of the block is after Bruns (1983a). 

Zodiak fan began to receive sediment about 40 m. y. 
ago, and construction of the fan ended about 26 m. y. ago 
(Stevenson et al, 1983). I f the reconstructed Yakutat block 
and Zodiak fan are rotated back to the 4 0 m. y. and 26 m. y. 
positions, they are near the North American continent. 
Therefore, during deposition the fan might have been 
connected by the Yakutat block to drainages from 
Washington State and British Columbia (Fig. 7). A North 
American sediment source for the large amount o f material 
in Zodiak fan is very appealing, but not without some 
possible problems. Stevenson has pointed out the possibility 
o f a spreading ridge separating the Yakutat block from our 
postulated Yakutat block extension about 40 m. y. ago or the 
alternate possibility o f a transform fault terminating the 
spreading ridge similar to the scheme o f Bruns (1983a). 

Our restoration is consistent with present plate motion 
models and we consider it an attractive working hypothesis 
because it involves an adequate source o f sediment for 

Zodiak fan. I t also provides an explanation for the episodic 
tectonic history of the Kodiak area (Fisher and von Huene, 
1980) during a period of constant plate convergence. T h e 
Kodiak shelf was subaerially eroded in mid-Miocene time 
as shown by the widespread erosion surface in seismic 
records and the regional hiatus (Fig. 2) . In contrast to the 
erosion surface are the basins and mountains o f the present 
tectonic regime that began to develop in late Miocene time. 
Plate tectonic models show no change in relative motion 
since Oligocene time (Engebretson, 1983) and thus in this 
subduction-dominated tectonic system the collision and 
subduction o f a terrane may have caused the change in 
tectonic regime. 
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