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Unloading oil barrels at the Chilcat Oil Company 
R+ry at Katalla, Alaska. Petroleum was produced 
from thefildfrorn 1901 to 1932. This picture was 
probably taken around 1911 when Katalla oil was 
transported and sold in barrels to the Copper River 
railroad project. The rejinery also suppliedfuel to the 
fishing fleet. The light, paraJhic oil was reportedly so 
clean that it did not stain wooden hrrels. 

Back Cover: 

Cable tool rig drilling in the Katalla Oil Field, Gulfof 
ALLcRz. 'The walking beam that raiced and dropped the 
bit ate& through the wooden wall protecting the 
derrick froor. 

Credits: 

Ihe historical photographs on the covers and on pages 
144,153, and 181 are from the Barrett Willoughby 
Collection and are reprinted with the permission of the 
AlasRa and Polar Regions Department of the Elmer E. 
Ramwon Library at the University of Alaska 
Ebirbanks. The photogmph of Alaska's fist oil well 
@age 229) is used by permission of the Cordova 
Historical Society of Cordova, Alaska. Florance 
Barrett Willoughby was a noted Alaskan author who 
wrote novels, short stories, biographies, travel books, 
and magazine articles. Her father, Martin Barrett, was 
coprain of a rorrstnl trading srhnowr Om of h ~ r  
historical/romance novels, Spawn of the North, was 
made into a movie in 1937. Her book on Ben Eilson, 
the pioneer Alaskan aviator, was published in 1959, a 
year ajkr her death. 

Ihe photographs may have been taken by Florance 
Willoughby, by her fother, by her husband, U! Z 
Prosser, a mining engineer who wrote several papers 
on the petroleum industry at Katalla, by 0. L. 
Willoughby, an oil well driller who may have been 
related to her stqfather, or by the Sirka photographer, 
E. 91! MerriU, who was the subject of one of her boob. 
Ihe photographs may also have been taken by 
R. K Moss, a photographer noted for his superb 

studies of Gulfof Alaska Indians. Mr. Moss worked in 
both Katalla and Cordova as a draftsman for The 
Copper River and Northwestern Railroad, and may 
have worked for Clark Davis, manager of the Alaska 
Petroleum and Coal Company. He spent several days at 
the Chilcat oil camp in September 1908. The 
photograph of the first well was probably taken by 
Einar Evans (1902). 

Ihe masthead of "a Kmlla Herald," publishedfrom 
1907 to 1909, proclaimed Katalla to be "the coming 
metrupulis of Alusku, where the ruih meet the sails" 
@. 154,230,246,301 and 302). Abtmdantfish, 
timber, coal, copper, and gold, and the promise qf 
sign~$icant accrmtulatwns of oil made such claims quite 
plausible. E J. A. Strong, the editor and a tireless and 
jilmboyant promoter, was later appointed Territorial 
Governor of Alaska by President Modrow W o n .  
'The Katalla HeraM" is available on rnimoflmfiom 
the University of Alaska Archives, as are "Alaska's 
Magazine" and "Alaska-Yukon Magazine, " additional 
sources of the historical clippings used in the collages 
@. 2, 44, 62, 182, 188, 271, and 274). 

Ihe history of the Gulf of Alas& area is discussed in 
The Copper Spike by Lone E. Janson (1975) and The 
Alaska Journal-a 198 1 Collection, Virginia McKinney, 
editor. John E C. Johnson of the Chugach Alaska 
Corporation provided a great deal of historical data 
concerning &mas George White. 

% ppn a d  ink ill~mtrdinn~ on pngp.14, 244-247, and 
272 were dramfrom slides by Jean lhomas of the 
U. S. Minerals Management Service. The composite 
drawing (p. 142-143) of the Katalla Oil Field at 
Katalla Slough k based on photographs provided by 
the Cordova Historical Society of Cordova, Alaska, 
and the Elmer E. Rasmuson Library, University of 
Alaska Fairbanks. The log cabin, tents, derrick, and 
sailboat (I& page) are fiom the earliest period of 
development; the oil storage tank and barge arefiom a 
later period. rite K m l h  field producedfiom 1901 to 
1932. Production at the Chilcat Oil Company Refinery 
ceased after the refiery was destroyed by fire. 
Petroleum exploration, onshore and ofshore, continues 
in the area today. 
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Introduction 

This report is a summary of the regional geology, Despite the lack of exploration success thus far, industry 
geologic history, petroleum potential, and environmental interest in the Gulf of Alaska area as a potential 
characteristics of the Gulf of Alaska Planning Area petroleum province remains high. A proposed offshore 
(fig. 1). The interpretations are based on offshore lease sale (Sale 158) is scheduled for 1995 and another 
seismic reflection lines, subsurface data obtained h m  in the Middleton Island area may be added to the next 
onshore and offshore wells, dredge samples, shallow 5-year lease sale schedule. 
corc holcs, and gwlogic investigations of outcrops 

onshore. The primary emphasis, however, is on 
13 wells drilled offshore between 1975 and 1983. 

Figure 1. Location of the Gulf of Alaska Planning Area. Figure 68 shows the planning area in more detail. 
Figures 67-69 show lease sale areas and proposed lease sale areas. 
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1. Framework Geologv 

Introduction 

The Gulf of Alaska Planning Area includes an 800-mile 
segment of the offshore continental margin from the 
Amatuli Trough southwest of Montague Island on the 
west, to Dixon Entrance at the U.S.-Canada border to 

the southeast (fig. 2). Within this region, the continental 
shelf ranges from less than 15 miles in width adjacent to 
Baranof Island to greate~ than 60 miles near Middleton 
Island. Seaward of the shelf margin, the planning area 
includes a portion of the bathyal F'acific basin. 

The present geologic setting of the northern Gulf of 
Alaska involves three types of tectonic regimes: (1) an 
area of convergence west of Kayak Island where the 
Pacific plate is subducting beneath continental crust of 
the North American plate at the Aleutian megathrust, (2) 
translation along southeast Alaska where the Pacific 
plate is beiig transported northward with respect to the 
North American plate, and (3) a transitional margin 
from Kayak Island to Cross Sound, intermediate 
between the zones of convergence and transform (fig. 2). 

Geologic Setting 
The geologic setting of the northem Gulf of Alaska 
continental margin and the adjacent onshore area of 
southern Alaska is the result of a complex history of late 
Mesozoic and Cenozoic crustal plate interactions. South 
of the Denali fault, the Alaska continental margin is 
composed of amalgamated allochthonous 
tectonostratigraphic terranes (fig. 3). Tbe principal 
terranes consist of, from north to south, the (1) 
Wrangellia and Peninsular terranes, (2) Alexander 
terrane, (3) Chugach terrane, (4) Ghost Rocks terrane, 
(5) Prince William terrane, and (6) the recently d e w  
Yakutat terrane. 

The Wrangellia, Peninsular, and Alexander terranes are 
situated north of the Border Ranges fault and are 
composed of variably metamorphosed rocks of Mesozoic 
and older age (fig. 3). Strata within these terranes were 

Opposite page. Minerals Management Service gedogirt 
sampling steeply dipping sedimentary rock, Gulf ofAlaska. 

intruded by Paleozoic and younger plutonic rocks (Jones 
and others, 1986). These terranes, termed "microplates" 
by Plafker (1987), are made up predominantly of older 
oceanic plateaus and arcs that were accreted to the 
continent prior to the Cenozoic to become the backstop 
against which younger terranes were accreted @runs, 
1988). 

The Chugach terrane in southern Alaska is bounded by 
the Border Ranges fault to the noah and the 
Resurrection and Contact fault systems to the south, and 
is represented by an arcuate belt of accretionary rocks 
comprising three distinct assemblages (Plafker and 
others, 1977; Pla&er, 1987): (1) a coherent 
volcaniclastic flysch assemblage of Late Cretaceous age, 
(2) a Late(?) Jurassic to Early Cretaceous melange 
assemblage containing volcanic, metasedimentary, and 
plutonic rocks, and (3) minor Early(?) Jurassic or older 
blueschist-greenschist facies metamorphic rock. The 
Chugach terrane has been highly folded and faulted and 
forms the core of the rugged Chugach-St. Elias 
Mountain Range. 

The Ghost Rocks terrane comprises a narrow sliver of 
rocks situated between the Chugach and Prince Wiiam 
terranes and extending southwestward from tbe 
Resurrection Peninsula area of the Kenai Peninsula 
(fig. 3). The Ghost Rocks terrane is composed of 
extrusive and intrusive rocks, deepw~ter oceanic 
sediments, and highly disrupted melange (Byme, 1982, 
1984; Placer, 1987). These rocks represent a 
Cretaceous to Paleocene subduction complex that 
originated at a more southerly latitude and was accreted 
to the continental margin by about 62 Ma (early 
Paleocene) (Byme, 1984; Plafker and others, 1989b). 

The Prince William terrane lies seaward of the Ghost 
Rocks and Chugach terranes, between the Contact fault 
system and the Aleutian subduction zone (fig. 3). To the 
northeast, it is bounded by the Kayak wm and its 
onshore extension. The Prince William terrane consists 
of a basement complex composed of the Orca Group and 
an overlying offshore sequence of Cenozoic clastic 
sedimentary strata. The Orca Group is a deformed and 
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Figure 2. Geologic frrmcworkof the northern Gulf of Alaska region, including major faults, selected physiographic and bathyrnetrk features, and regional 
subdivisions of h e  continental margin. The Mymetry is generalized from Chase and others (1970), Atwood and others (1981). Seeman (1982). and C a r h  and 
others (1985). Hood and Zimmerman (19!36). 
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Figure 3. Tectonostratigraphic lerranes and t-e boundaries in the northern Gulf of Alaska region. The Thcmes and boundaries are adapted from Jones and others 
(1986) and Monger and Berg (1987). 



metamorphosed late Paleocene to middle Eocene 
deep-sea fan complex that is interbedded with oceanic 
volcanic rocks and pelagic sediments (Wider, 1976; 
Winkler and Plafker, 1981; Dumoulin, 1987). 

The Yakutat terrane, the most recently arrived 
allochthonous terrane, is situated seaward of the 
Chugach-St. Elias and Fairweather fault systems 
(fig. 3). It is bounded to the west by the Kayak zone and 
its onshore extension, and on the south by the Transition 
fault system. The Yakutat terraoe is believed to be 
presently moving north with the Pacific plate and is 
colliding with and subducting beneath southern Alaska 
(Rogers, 1977; Plafker and others, 1978a, Bnms, 
1983a, b, 198%; Pla&er, 1987). Basement rocks of the 
Yakutat terrane consist of upper Mesozoic flysch and 
melange east of the Dangerous River zone, a probable 
Paleogene shelf edge (Bmns, 1985b). West of the 
Dangerous River zone, the basement is composed of 
early Eocene and possible Paleocene oceanic crust. 
Rocks overlying the basement are predominantly 
Paleocene(?) through Quaternary clastic sedimentary 
strata. 

Structural Segments of the Gulf of 
Alaska Continental Margin 
For discussion purposes, the continental margin within 
the Gulf of Alaska Planning Area is subdivided into four 
segments along fundamental geologic and tectonic 
boundaries (fig. 2). These segments are, from west to 
east, the Middleton, Yakataga, Yakutat, and Southeast 
structural segments of the continental margin. 

Middleton Segment 

The Middleton segment of the Gulf of Alaska 
continental margin reflects convergence of the Pacific 
plate and the overlying Yakutat terrane with the eastern 
end of the Pr ice  William terrane (figs. 2 and 3). The 
Middleton segment is bordered on the east by the Kayak 
zone, on the south by the Aleutian megathrust, and 
merges with strata of the Kodiak planning area to the 
west. 

The Kayak zone, the boundary between the Middleton 
and Yakataga segments of the continental margin, 
denotes a major zone of convergence and structural 
shortening ( B ~ n s ,  1979, 198%). To the east, the 
leading edge of the Yakutat terrane is colliding with the 
Prince William terrane and inboard terranes of southern 
Alaska. Vertical displacement of Cenozoic strata on 

adjacent sides of the Kayak wne is estimated to be 
greater than 3.5 miles (Bnms, 198%). 

The Middleton continental shelf shows evidence of 
extensive Pleistocene glaciation. South of Moatague 
Island, the Hichinbrook Seavalley exhibits steepsided 
walls and a U-shaped cross d o n ,  reflecting seaward 
scouring and erosion by a major glacial lobe (Atwood 
and others, 1981) (fig. 2). The Kayak Trough, located 
adjacent to the west coast of Kayak Island, provides 
additional evidence for large-scale Pleistocene glaciation 
on the continental shelf. However, aeither the 
Hinchinbrook or Kayak Seavalleys have associated 
canyons seaward of the shelf break, suggesting that the 
deposition of glacial sediments wes primarily limitcd to 
the continental shelf. 

At  Middleton Island, approximately 3,900 feet of oarly 
Pleistocene and possibly latest Pliocene glaciomarine 
strata are exposed on a structural high near the shelf 
edge (Plaflret and Addicott, 1976; Mankinen and 
Plafker, 1987). Middleton Island has undergone 
significant faulting, tilting, and uplift during the Late 
Pleistocene, and reflects the effects of compressional 
tectonics on this segment of the continental margin. 'Ihe 
presence of uplifted marine terraces (Plafker and Rubin, 
1978) and the uplift of the island during the 1964 Alaska 
earthquake (Plaker, 1%9) indicate tbat tectonic 
deformation continues to the present. 

Yakataga Segment 

The Yakataga segment of the continental margin, 
situated between the Kayak zone and the Pamplona 
zone, is the more structurally complex portion of the 
Yakutat terrane (fig. 2). Strata are defomed by 
northcast-lr~ndmg folds and associated thrust faults. 
This deformation is part.of a.larger wne of tectonically 
controlled folding and thrusting exteoding h m  the 
Fairweather fault irr the vicinity of Yakutat Bay to the 
southern end of the Kayak zone proximal to the Aleutian 
subduction zone. 

The eastern boundary of the Yakataga shelf segment, the 
Pamplona zone, marks the boundary between 
structurally deforlqed Cenozoic strata to the west and 
rocks of the Yakutat segment to the east. Folds and 
faults of the Pamplona zone reflect the eastemomst limit 
of deformation and structural shortening as the Yakutat 
terrane collides with inboard terranes of southern 
Alaska. Folded strata within this wne disrupt the 
seafloor and are expressed as a prominent bathymetric 
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high. To the northeast, the Pamplona wne extends 
onshore to the Samovar Hills area (Plafker, 1987). 

The continental shelf between the Kayak m e  and Icy 
Bay dips gently seaward, with an average gradient of 
0.3 degrees (Atwood and others, 1981). A single 
bathymetric feature, the Bering Trough, tramects this 
portion of the shelf margin. This brad, U-shaped 
trough begins about 3 miles seaward of the Bering 
Glacier and extends to the continental shelf break 
35 miles to the south. Meltwater streams draining the 
Bering Glacier are presently transporting glacial flour 
into the trough, which has accumulated a veneer of 
Holocene glaciomarine sediment (Carlson and others, 
1 982). 

Yakutat Segment 

The Yakutat segment of the northern Gulf of Alaska 
continental margin, extending from the Pamplona wne 
eastward to Cross Sound, encompasses the eastern, 
prduminantly undeformed portion of the Yakutat 
terrane (fig. 2). This portion of the Yakutat terrane, 
termed the "Yakutat block" by Rogers (1W7) and 
PlafZcer and others (1978d), falls within the eastern half 
of the tectonic transition m e .  m e  Yakutat block is 
bounded by the Chugach-St. ELias and Faiweather- 
Queen Charlotte fault systems to the north and east, the 
Transition fault system to the south, and thrust faults and 
folds of the outer Pamplona zone to the west (fig. 2). 

The southern boundary of the Yakutat block, the 
Transition fault system, separates Mesozoic and younger 
rocks of the Yakutat terrane from the Oligocene age 
oceanic crust of the Pacific plate (Naugler and 
Wageman, 1973; Schwab and others, 1980; Plafker, 
1987). The Transition fault is proposed b have been an  

active tectonic boundary largely prior to Pliocene time, 
and was probably created by transform tectonism 
(Rruns, 1987a). Faiweather Ground, a shelfedge high 
along the southeastern margin of the Yakutat block, may 
have been uplified during Pliocene and Quaternary time 
in response to minor compressive stress along the 
adjacent segment of the Transition hult system (Brims, 
1985b) (fig. 2). 

Onshore, between Icy Bay and Cross Sound, rugged, 
glaciated mountains reflect tectonic convergence 
between the leading edge of the Yakutat terrane and 
previously accreted terranes. Piedmont glaciation during 
Pleistocene time resulted in the formation of two large 
U-shaped valleys that extend seaward across the 

continental shelf to the shelf edge (Carlson and others, 
1982) (fig. 2). The largest of these glacially carved 
valleys, the Yakutat Valley, extends offshore from 
Yakutat Bay for a distance of 87 miles. To the east, the 
smaller, narrower Alsek Valley begins seaward of the 
Alsek River and extends southwestward to the shelf 
break. 

Southeast Segment - 

The Southeast segment of the Alaska continental margin 
extends from Cross Sound southeastward 300 miles to 
Dixon Entrance in the eastern Gulf of Alaska. This 
segment of the continental margin is located adjacent to 
and within the late Cenozoic transform zone between the 
Pacific and North American li-eric plates. The rate 
of movement along this transform boundary, the 
Fairweather-Queen Charlotte iul t  system, is estimated 
to be approximately 6 c d y r  at the present time (Minster 
and Jordan, 1978). 

Southeast Alaska Islands and rhe adjacent continental 
mainland are underlain by an assemblage of 
lithologically diverse tectonostratigraphic terranes tbat 
have been displaced along major Cenozoic transform 
zones (fig. 3). Included in this assemblage are the 
Chugach, Alexander, Wmgellia, Taku, Tracy Ann, 
and adjacent Yakutat terranes (Monger and Berg, 1987). 
Rocks composing these terranes are dominantly 
Paleozoic and Mesozoic in age. The geology and 
tectonostratigraphy of rocks underlying the offshore 
continental margin of southeast Alaska must be inferred 
predominantly from nearby exposed onshore geology. 
Basement strata underlying the shelf may be correlative 
with rocks of the displaced terranes exposed on the 
adjacent onshore margin (Bm and Carlson, 1987). 
West of Chiohagof and Baranof Islands, the bascmcnt 

probably consists of Chugach terrane rocks. South of the 
Chatham Strait fault, the Alexander terrane likely 
composes the basement under the inner shelf, end 
Wrangellian strata are inferred to underlie the outer 
shelf. 

The continental shelf between Cnws Sound and Dixon 
Entrance is from 15 to 30 miles wide. North of the 
entrance to Chatham Strait and south of Yakobi Valley, 
a glacially carved seavalley located seaward of Cross 
Sound, the shelf is essentially flat with a dip of 0.2' to 
0.4' toward the shelf break. Between the southern tip of 
Baranof Island and Dixon Entrance, the undulating shelf 
topography is incised by a deep seavalley and displays 
numerous linear fault scarps (see chapter 4). 

Framework Geology, 9 
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2. Geologic Historv 

Introduction 
Southern Alaska and the Canadian M i e r a  are 
composed of allochthonous tectowstratigraphic terranes 
that arrived at their present positions along the 
continental margin of North America during the 
Mesozoic and Tertiary (Jones and others. 1978: Cnney 
and others, 1980; Jones and others, 1986; among 
others). Various courses of travel and arrival times have 
been proposed for these exotic t e m e s  based on 
paleomagnetic, structural, petrologic, biogeographic, 
and date movement studies. Since accretion. the 

history of the terranes underlying the Gulf of Alaska 
continental margin is necessary for a thorough 
assessment of the hydrocarbon potential of the area. 

The following geologic model for the late Mesozoic and 
Cenozoic evolution of southcentral and southeastern 
Alnskn is bsed in pnrt on studies by Bnms (1P830, 

1985b), Nye (1983), Plafker (1987), Pla&er and others 
(1989b), and Wallace and others (1989) (figs. 4 and 5). 

Mid-Cretaceous through Late 
terranes have been altered by structural deformation, Cretaceous (120-65 Ma) 
volcanism, plutonism, and regional and local 
metamorphism. An understanding of the geology and By mid-Cretaceous time, rocks composing the 

Wrangellia, Alexander, Peninsular, and Taku terranes, 

Figure 4. Inferred geologic evolution of southcentral and southeastern Alaska, 120-65 Ma (A), and 65-52 Ma (B). 
The tectonic setting and evolution were modified from Plaker and o h m  (1989b). The tectonostratigraphic terranes 
shown are YT, Yukon-Tanana; TA, Tracy h, TU, Taku; AX, Alexander; WR, Wrangellia; PE, Peniasular; KH, 
Kahiltna; CG, Chugach; GR, Ghost Rocks: and PW, Prince Wiam.  Terrane baundaries and divisions are adopted 
from Jones and others (1989, Monger and Berg (1989, and Plafker (1987). Relative plate motions and rates are 
from Engebretson and others (1985). The time scale is from Harland and others (1990). The coastline of Alaska is 
displayed for reference purposes only and does not imply the actual location of the temanes with respect to the 
present-day coastline of North America for the time period represented. The rates of plate movement are expressed 
in centimeters per year (cmlyr). 

Geologic History, 11 



and part of the Chugach terrane were amalgamated into 
a composite "superterrane" located south of the North 
American continental margin (Hdbwe and Gromme, 
1984; Plafker and others, 1989a, 198%; Wallace and 
others, 1989). A reorganization of oceanic plates in the 
northwest Pacific basin occurred during Aptian to 
Campanian time, resulting in the fragmentation of the 
Farallon plate and the formation of the Kula plate at 
about 85 Ma (Engebretson and others, 1985). The 
movement of the Kula plate displaced the composite 
superterrane northeastward and r d t e d  in the docking 
of this terrane against the North American continent 
during Late Cretacwus time (fig. 4, part A). This 
docking is documented by extensive coeval magmatism 
(Kluane Arc) and metamorphism along the suture 

between the superterrane and i n M  te- in 
southern Alaska and British Columbia (Plafker and 
others. 1989b). Arcderived volcanogeQic sediments. 
possibly in part from the Kluane Arc, were depceited in 
deep water seaward of the continental margin during 
Campanian to Maastrichtian time (8365 Ma). 
Subsequent accretion of these deepwater trench 
sediments to the continental margin is recorded in strata 
of the Valdez Group and its correlatives (Little and 
Naeser, 1989), which comprise the wtboard, younger 
component of the Chugach terrane. 

Paleocene to late early Eocene 
(65-52 Ma) 
The early Paleogene along the northern and eastern Gulf 
of Alaska continental margin was marked by rapid 
northeastward underthrusting of the Kula plate beneath 
North America (Engebretson and others, 1985) (fig. 4, 
part B). A consequence of this rapid underthrusting was 
cxtrcmc uplift and erosion of the Coast Mountains of 
British Columbia (Hollister, 1979). In western Alaska, 
two adjacent magmatic belts developed, possibly in 
response to oblique undetthrusting of tbe margin by the 

Kula plate (Moll and Patton, 1982; Plafker and others, 
1989b). The Ghost Rocks ttrrene, a Cretaceous to 
Paleocene subduction complex consisting of volcanics, 
intrusives, and maange (Byme, 1982), was accreted to 
the southern margin of the Chugach terrane by 62 Ma 
(Moore and others, 1983). Palmmagnetic studies 
suggest that rocks of the Ghost Rocks terrane were 
transported northward up to 25" from their site of origin 
(Moore and others, 1983; Plumley and others, 1983). 
Outboard of the Ghost Rocks and Chugach t e m ,  the 
Prince William terrane was f m e d  during the late 
Paleocene to middle Eocene by progressive accretion of 
deep-sea fan sediments and inter- volcanics (Orca 

Group) (Winkler, 1976; Plafker and others, 1985). 
Studies by Winkler and Plafker (1981) indicate that 
accretion of basement rocks of the Prince Wiiam 
terrane was completed by about 51 Ma. 

Western Alaska experienced counterclockwi rotation 
beginning in early Eocene time (fig. 4, part B) (Maore 
and Connelly, 1977; Winkler and Plafker, 1981; Little 
and Naeser, 1989). The rotation d t e d  in the oroclinal 
bending of terranes in central and southern Alaska, and 
may have caused dextral strike-slip hulting on several 
major interior faults (Little and Naeser, 1989). The 
early to middle Eocene was a time of active transcurrent 
faulting on the Tiitina, Kaltag, Denali, and possibly 
other inhoard intracontinental fm~lts (Lnnphexe, 1978; 
Fuchs, 1980, Gabrielse, 1985). 

Late early to early middle Eocene 
(52-48 Ma) 
The counterclockwise rdation of western Alaska 
continued through middle Eocene time (fig. 5, part A) 
and was accompanied by sustained strike-slip movement 
on major intracontinental faults (Lanpbere, 1978; 
Plafker, 1987; Plafker and others, 198%). Platker 
(1987) suggested that up to 1 12 miles (180 km) of 
dextral offset occurred on the Chatham Strait fault 
during this period, which initiated the formation of the 
proto-Dangerous River zone along the outer co~~tinentaf 
margin. East of Kodiak Island, a major early Eocene 
(51 f 3 Ma) geothermal event resulted in extensive 
plutonism and high-temperature mehwqhkm of 
sediments of the Chugach and Prince Wiam terranea 
(Winkler and Plafker, 1981; Winkler and others, 1981; 
Nelson and others, 1985; Pla%er and others, 1985). 
This thcrmal cpisodc may have bcen iuitiatcd by 
subduction of the Kula-Farallon ridge (MmW and 
Karig, 1977; Helwig and Emmet, 1981; Moore and 
others, 1983). Howcvcr, this doerr not agret with plate 
reconstruction models for the North Pacific basin by 
Engebretson and others (1984, 1985), which place the 
Kula-Farallon ridge farther to the south dwing the early 
Eocene, probably adjacent to Washington or British 
Columbia. 

By the beginning of the middle Eocene, accretion of 
deep-marine sediments and associated oceanic volcanic 
rocks composing the basement complex of the Prioce 
William terrane was essentially complete (Platker and 
others, 1985). Early Paleogene clastic sediments were 
deposited locally as fans and turbidites in Qeep water 
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F i  5. Inferred geologic evolution of southcentral and southcastern Alaska, 52-48 Ma (A), 4325 Ma (B), 25-20 Ma (C), and 20-0 Ma @). The tectonic 
setting and evolution were modified from Plabr (1987). Relative plate motions and rates are from Engebrctson (1982). The time scale is from Harland and 
others (1990). The coastline of Alaska is displayed for reference purposes only and does not imply the actual location of the terranes with respect to the 
present-day coastline of North America for the t h e  period represented. Abbreviatiom for geographic features include V.I., Vancouver Island; and Q.C.I., 
Queen Charlotte Islands. Rates of plate movement are expressed in cmfyr. 



along the continental margin in the northern and eastern 
Gulf of Alaska. 

Early middle Eocene to middle 
late Oligocene (48-25 Ma) 
A major change in plate motion occurred in the north 
Pacific basin at 43 Ma when the Pacific-Kula spreadiig 
center ceased being active (Enge- and others, 
1985; Lonsdale, 1988). The direction of convergence 
between oceanic crust and adjacent onshore terranes 
shifted from predominantly northeastward to 
northwestward, in part reflecting seafloor spreadiig 
away from the Pacific-Farallon ridge (fig. 5, part B). 
The Transition fault, north of the Queen Charlotte fault 
system, developed as a ridge-trench transform system as 
a result of the change in plate motion in the eastern Gulf 
of Alaska from obliquely convergent to nearly @el to 

the shelf margin (Plafker, 1987). 

The Alaska Peninsula and Aleutinn Arc were sites of 
andesitic volcanism beginning by middle Eocene time 
(Wallace and Engebretson, 1984; Wilson, 1985; Scholl 
and others, 1987) (fig. 5, part B). Magmatism escalated 
during the late Eocene and Oligocene, e+mg to the 
adjacent Alaska Range (Wilson, 1985). This volcanic 
activity may have been initiated by subduction of the 
Pacific plate beneath the western margin of the central 
Gulf of Alaska and the newly emplaced Aleutian Arc 
farther to the west (Wilson, 1985; Plafker, 1987; 
Plafker and others, 198%). However, the kinematics, 
timing, and rates of displacement for tectonic plates in 
the northern Pacific basin remain uncertain, and 
individual studies have often reached contradictory 
conclusions (e.g., Grow and Atwater, 1970; Hayes and 
Pitman, 1970; DeLong and others, 1978; &me, 1979; 
Engebretson and others, 1984, 1985; Rea and Duncan, 
1986; Lonsdale, 1988). 

Minor oroclinal bending of southem Alaska during the 
middle to late Eocene and possibly into the early 
Oligocene is recorded by deformation of mks of the 
Prince William terrane (Plafker and others, 198%). The 
Tintina fault and associated transcurrent hults in astern 
Alaska and British Columbia experienced a high degree 
of dextral offset during this time (GabrieIse, 1985). 
Along the Pacific margin of North America, the Zodiac 
deep-sea fan of middle Eocene to late(?) Oligocene age 
was deposited seaward of a plutonic d m  mehmorphic 
provenance. The site of deposition may have been as far 
south as British Columbia (Stewart, 1976; Hahert, 
1987) (fig. 5, part B). However, other propxed 

provenances for the Zodiac fan include (1) a northward 
drifting landmass that presently underlies the Alaska 
Peninsula and parts of southern Alaska (Stevenson and 
others, 1983), (2) the southern Alaska continental 
margin northward of the present location of the fan 
(Hamilton, 1973), and (3) rocks from the vicinity of 
present-day Washington State and British Columbia (von 
Huene and others, 1985). 

East of Kodiak Island, Palmgene clastic sediments were 
deposited on the eastern Prince William terrane as 
deep-water fans and turbidites. Still further east, strata 
of middle Eocene to Oligocene age deposited on oceanic 
crust inboard of the Transition fault reflect a variety of 
depositional environments, including coastal plain, shelf, 
and deep-water marine. 

Middle late Oligocene to middle 
early Miocene (25-20 Ma) 
The Ynhtat terrane probably bmke'away fiom the 

Pacific continental margin of North America during the 
late Oligocene by dextral offset on the Fairweather- 
Queen Charlotte transform system (Pla&er, 1983; 
Bruns, 1985b; Richter and others, 1990) (fig. 5, part C). 
The Yakutat terrane may have originated adjacent to 
southeasternmost Alaska and British Columbia (Nye, 
1983; Planter, 1983, 1987; and Plafker and others, 
1989b), a location that is supported by petrographic 
studies of Yakutat terrane Palwgene sandstones, which 
appear to have been derived from the igneous and 
high-grade metamorphic rocks of the Coast Range 
plutonic complex of British Columbia (Hollister, 1979; 
Plafker and others, 1980; Chisholm, 1985). A British 
Columbia and southeastern Alaska origin is also 
compatible with paleomagoetic data from the OCS 
Y-0211 Yakutat No. 1 well (Van Alstine and others, 
1985), which ind i t e  a 13Of 3' post-early Eocene 
northward displacement of the Yakutat terrane. 
However, this requires a significant Paleogeae dextral 
offset on intracontinental transcurrent faults within 
Canada (8Of 3 O  of northward displacement), with a 
resulting northward component of displacement on the 
Fairweather-Queen Charlotte fault system of 
approximately So (Plafker, 1987). 

Other tectonic evolution models place the origin of the 
Yakutat terrane as far south as California (Bnms, 1983a; 
Keller and others, 1984). These models agree with 
preliminary microfaunal data from deep-sea wre and 
dredge samples from the Gulf of Alaska and western 
U.S. continental margin, which indicate 30° of 
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northward migration of the terrane over the last 50 m.y. the Prince William terrane, deepwater clastic 
(Keller and others, 1984). However, a California origin sedimentation, typically in the form of turbidites or fan 
for the Yakutat terrane is not consistent with the 13Of 3 O  complexes, continued through the early Miocsene. 
of displacement indicated by palmmagnetic data. A 
second disadvantage of the distant origin model for the 
Yakutat terrane is that it requires the terrane to have Middle early Miocene to Present 
migrated past a variety of source areas.  his is not (20-0 Ma) 
supported by petrologic studies of Palwgene sandstones, 
which, as previously discussed, suggest a single plutonic From approximately 20 Ma to 5 Ma, northwestward 

movement of the Pacific plate relative to the continental 
and metamorphic source terrane. 

margin of North America was almost equally 

The discrepancy between the microhunnl data and the 
palmmagnetic and petrologic data could be a result of 
(1) the preliminary understanding of Palmgene 
microfossils as paleolatitude indicators (especially at 
high latitudes) in the north Pacific, (2) the poorly 
preserved nature of Eocene planktwic foraminifera from 
onshore California (Poore and others, 1977) to which 
the Yakutat species were compared (Ke11er and others, 
1984), and (3) possible northward extensi0119 of warmer 
zones along the Pacific margin during the early Eocene 
(Wolfe and McCoy, 1984). Studies of Eocene 
molluscan, microfaunal, and p a l a d  assemblages 
in the Puget Sound area of Washington by Wolfe and 
McCoy (1984) suggest that the Yakutat terrane was 
located at a latitude north of h g e t  Sound during the 
Eocene. 

Collision and oblique underthrusting of the northern 
portion of the Yakutat terrane beneath the North 
American plate during the late Oligocene and early 
Miocene was marked by arc volcanism in the Wrangell 
Mountains (Richter and others, 1990). Lsvas from this 
event exhibit medium-K, calc-alkaline bulk 
compositions, typical of continental volcanic arcs 
situated adjacent to convergent plate margins (Skulski 
and others, 1991). The frequency of Wrangell Mountain 
volcanic activity was apparently low during the late 
Oligocene and early Miocene, possibly because of the 
oblique, low angle of convergence W e e n  the YBklltat 
terrane and the North American plate and the 
consequent low relative down-clip velocity of the 
subducting crust (Richter and others. 1990). 

Late Oligocene through early Miocene sedimentation on 
the Yakutat terrane in the eastern Gulf of Alaska 
consisted largely of fine-grained clastic sediments 
deposited in a deepwater marine environment during a 
period of regional marine transgression (see chapter 5). 
Depocenters and upwelling current systems shifted 

accommodated by dextral offset and oblique subduction 
on the Transition fault outboard of the Yakutat terrane, 
and by dextral displacement on faults within the Queen 
Charlotte-Fairweather transform system (Pla&er, 1987) 
(fig. 5, part D). The Yakutat terrane continued to be 
transported northward, although at a slower rate than the 
adjacent Pacific plate, with underthrusting of the 
continental margin along the northern, leading edge of 
the terrane. 

The collision and subduction of tbe Yakutal lerrane 

beneath the North American continent initiated rapid 
uplift of the Chugach and St. Elias mountain ranges in 
the northeastern Gulf of Alaska. This uplift is inferred to 
have increased regional precipitation, initiated alpine 
glaciation, and resulted in local climatic cooling 
(Marincovich, Jr . , 1990). Subsequent glaciomarine 
sedimentation, in part a consequence of episodic climatic 
cooling and regional glaciation of Ncrrtb America, 
resulted in the deposition of the Yakataga Formation of 
middle Miocene to Holocene age in continental margin 
basins on the adjacent Yakutat and eastern Prince 
William terranes. The deposition of the Yakataga 
Formation was characterized by very high sedimtation 
rates, creating a fairly complete d h e a t a r y  record of 
Cenozoic glaciation in the norhem Gulf of AJnska. 

The Y h t a t  terrane began rotating counterclockwise in 
the late Miocene(?) @runs, 19Sb). possibly in response 
to subduction-related tectonic processes along the 
northern, leading edge of the terrane. Pla&er (1987) 
calculated the magnitude of rotation to be about 20' on 
the basis of the present trend of the Dangerow River 
zone with respect to the Chatbam Strait fault. This is in 
agreement with paleomagnetic data firom the OCS 
Y-11 No. 1 well, which indicate that early to middle 
Eocene and Oligocene sedimentary rocks from the 
Yakutat terrane have been rotated up to 2@ (Van Alstine 
and others, 1985). 

progressively shoreward, causing basiiward sediment 
starvation and local development of restricted, Seaward of the Yakutat terrane, the Transition fault 

organic-rich sediments. To the east of Kodiak Island on remained active as an oblique subduction margin that 
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separated Pacific oceanic crust from Cretaceous and 
Tertiary strata of the Yakutat terrane until at least early 
Pliocene time (Bruns, 1985b). S i  about 5 Ma, tbe 
Transition fault has been either inactive @runs, 1985b), 
or a site of only minor relative displacement. Along the 
base of the Yakutat continental slope, the fault is 
overlain by undeformed Pliocene and Quaternary 
sediments. Evidence of an accretionary wedge is 
lacking. Nevertheless, observed seismicity from the 
Transition fault zone suggests that some dextral oblique 
slip is presently occurring (Page, 1975; Perez and 
Jacob, 1980). On the basis of observed seismicity and 
relative plate motions, the magnitude of oblique 
convergence is estimated to be about 0.4 cmlyr (Mu 
and Platker, 19m Plafker and Jawb. 1986). 

Northward displacement of the Yakutat temane with the 
Pacific plate since 5 Ma has largely been accommodated 
by subduction along the northern and western leading 
edges of the terrane (Wrangell Wadati-Benioff zone and 
Kayak zone, respectively) by crustal shortening and 
thickening within the block (Bnms, 1985b), and by 
mountain-building processes (von Huene and others, 
1979; Perez and Jacob, 1980; Hudson and Platker, 
1983). In southeast Alaska and British Columbia, the 
Fairweather-Queen Charlotte transform system is 
presently accommodating differential motion between 
the Pacific and North American litkpheric plates. 
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3. Seismic Stratiera~hv 

Introduction 

The seismic and stratigraphic fkmwork of the Gulf of 
Alaska Planning Area was developed by the 
interpretation of a database of both public and private 
multichannel seismic-reflection profiles (fig. 6), and the 
integration of thcsc data with &r types of geophysical 
and geologic data. For ease of discussion, the planning 
area is subdivided into four segments along geologically 
distinctive boundaries according to the scheme of 
Plafker and others (1978a). 'Ibese are, from west to 
east, the Middleton, Yakataga, Yakutat, and Southeast 
segments of the continental margin. Previous studies that 

have helped define the regional seismic b w o r k  of 
the offshore northern Gulf of Alaska continental margin 
include Plafker and others (1975, 1980), Rogers (1977), 
von Huene and others (1979), Bnms (1979, 
1982b, 1983b, 1985b), Bruns and Schwab (1983), Bnms 
and Carlson (1987), and Plafker (1987). 

Middleton Segment 

Shelf Stratigraphy 

Seismic-reflection profiles across the offshore Middleton 
shelf and slope provide insight into tbe stratigraphic 
framework, structure, and depositional history of the 
western convergent-margin segment of the Gulf of 
Alaska geologic province (plate 1 and fig. 7). Key 
seismic horizons selected on the basis of r e g i d  
chronaqtratigraphic and shucbral significance were 
tentatively identified by correlation to the Tenneco 
Middleton Island No. 1 well and to surface exposutw on 
Middleton Island, Kayak Island, and onshore areas 
adjacent to the shelf segment. Time-depth conversion of 
seismic-reflection data was accomplished by 
constructing a single depth curve from averaged stacking 
velocities by use of the Dix equation @ix, 1955) (fig. 8). 

Seismic Horizons 
Six seismic horizons, designated from youngest to o l b t  
M1 through M6, were identified and correlated across 
the Middleton platform (plate 1). 

Horizon M 1, present only in the eastern p t i o n  of the 
basin, unconformably underlies the youngest sequence 
of strata recognized on the shelf (lines MI-1, MI-2). 
Stratigraphic projection of hmbm M1 with respect to 
early(?) Pleistocene strata in the Tenneco Middleton 
Island No. 1 well and to early Pleistocene marine 
scdimcnts of thc Yakataga Formation on Middleton 
Island (Plafker and Addicott, 1976) indicaks tbat the 
time of development of the unconformity significantly 
postdates the early Pleistocene. Strata overlying b o h  
M1 display continuous, high-amplitude reflections that 
display onlap against pre-M1 sediments. Where present, 
post-M1 strata delineate areas of probable Holocene and 
latest(?) Pleistocene subsidence. Differential s u b s i h  
associated with recent movement along the Pinnacle 
fault is evident on profile MI-1 (north end) where 
pre-M1 reflections exhibit a basinward divergent 
configuration. 

Horizon M2 is mapped on a prominent &n-wide 
unconformity that projects stratigraphically above the 
early Pleistocene strata identified on Middleton Island 
and in the nearby Temeco Middleton Island No. 1 well 
(plate 1). Based on this constraint, and its stratigraphic 
position below horizon MI, horizon M2 is tentatively 
assigned an age of middle to late Pleistocene. 
Reflections above horizon M2 display internal sigmoid 
progradational configurations ad,iaceat to and inclined 
away from the Kayak zone (line MI-1, center; line 
MI-2, south end). 'Il&.progradational seismic faciea 
was developed in response to middle to late Pleisbmxe! 
uplift and erosion along the Kayak zone, and probably 
consists of deltaic and prodeltaic clastic sediments 
deposited during basinward shifting of delta systems 
along the northwestern margin of the uplift. 

Reflections within strata bounded by horizon M2 and the 
seafloor typically display some degree of thinning by 
internal convergence towards and onlap against major 
thrust zones (plate 1, lines MI-1 to MI-5). Below 
horizon M2, the sequences are generally consistent in 
thickness across thrust stnrctures (line MI-2, sequences 
M2-M5, M5-M6). This relationship, cwfinned by 
structural flattening to horizon IM2 (Bnms, 198%) 
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Figure 7. Structure contour map on horizon ~ b ,  a regional unconformity that in the vicinity of the Middleton Island No. 1 well rcpuems the base of the 
late Miocene to Pleistocene glaciomrrine Yakataga Formation. Strata immediately underlying horizon M6 consist of siltstone and shale that are tentatively 
correlated to the Sitkinak Formation on the Kodiak shelf. Onshore geology adapted from Plafkar (1%7, 1974) and Winlder and Plafkar (1981). 



indicates that the formation of d o r m i t y  M2 
corresponds to the initiation of thrust fpulting on the 
Middleton shelf during middle to late Pleistocene h. 

Horizons M3, M4A, and M4B (plate 1) all represent 
local unconformities within the Yakataga Formation that 
are not traceable basinwide. The origin of 
unconformities M3 and M4A appears to be related to 
differential subsidence in the vicinity of bK t h t h s k r n  
thrust wne (line MI-1, center), although them 

unconformities clearly pre-date this thnrst feature. 
Horizon M4B occurs within a seaward-thickening 
stratigraphic section along the outer shelf (line MI-5, 
south end) and probably formed in conjunction with an 
episode of rapid subsidence of tbe shelf margin. 
Horizons M3, M4A, and M4B are probably middle 
Pleistocene based on the estimated ages of the boundhg 
eequem. 

Horizon M5 is a largely confkmub1e bin-wide surface 
separating moderately to semiamtinuw8 reflections 
fiom underlying strata displaying poorly to moderately 
continuous reflections (plate 1, linas MI-1 to MI-5). 

Reflections overlybg horizon M5 onlap the underlying 
surface in areas where p t - M 5  strata display basinward 
thickening, indicating that the deposition of post-M5 
sequence strata was in part controlled by tectonic 
subsidence of underlying strata (line MI-3, center). A 
tentative correlation of horizon M5 to strata of th 
Yakataga Formation within the uppermost section of the 
Middleton Island No. 1 well yields an age of probable 
early Pleistocene. 

The oldest mapped horizon on the Middleton shelf, 
horizon M6, represents a r e g i d  unmdOrmity that, at 
the Middleton Island No. 1 well, separates early 
Miocene strata fiom overlying late Miocene 
glaciomarine sediments of the lower Yakataga 
Formation (Keller and others, 1984Xfig. 7). Reflection 
configurations change abruptly across horizon M6 
(plate 1, all lines), with pre-M6 strata commonly 
exhibiting a chaotic reflection pattern that suggests the 
sequence bas been significantly deformed. This is 
corroborated by a change in seismic-refraction 
velocitia, wbich increase h m  14,750 to 16,050 feet 
per second across the boundary @runs, 1985b). Strata 

Figure 8. Timedepth 
relationships for the major 
geologic proviuca within 
the Gulf of Alaska Planning 
Area. The timedepth 
curves were c&tbd 
using interval velocities 
derived both h m  seismic 
reflection stacking velocities 
(Dix, 1955) and &om 
boreholecompensated smk 
logs. 
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immediately underlying unconformity M6 in the 
Middleton Island No. 1 well coosist predomhmtly of 
siltstone and shale that are tentatively correlated to 
rocks within the Sitkinak Formation on the Kodiak shelf. 

Unconformities that appear chnmologically d o r  
stratigraphically equivalent to horizon M6 are 
recognized on seismic profiles and in wells throughout 
the northern Gulf of Alaska. To the east, wells 
penetrating the fold-and-thrust regime of the Ypkataga 
shelf encounter a late Miocene regional uncmfortnity 
(Yakataga Segment, this chapter). Further east, in the 
ARC0 OCS Y4211 No. 1 well, late Miocene age rocks 
unconformably overlie early to middle Miocene strata 
(Yakutat Scgmcnt, this chapter). On tho Kodiak she~lf, 
southwest of the Middleton platform, three stratigqhic 
test wells that penetrated the Miocene d o n  show 
evidence of a time-transgressive eroeioaal surfoce 
underlying early or middle Miocene age rocks m r  
and others, 1987). 

The formation of this regional Miocene &Ormity is 
likely related to two separate events. East of the Kayak 
zone, beginning during the late Oligocem or early 
Miocene, racks composing the Yakutat terram were 
uplifted during collision and subduction of the terrane 
with tbt North American plate (FYa&er, 1987; Platker 
and others, 1989b). Nondeposition and s u h n d  erosion 
were subsequently responsible for formation of the 
unconformity across the Yakataga and Yakutat shelf 
margins. On the Prince Wiam terrane, west of the 
Kayak zone, the mechanism responsible for 
development of the Miocene unconformity is unclear. 
Fisher and Holmes (1980) attributed the &ormity 
to uplift and erosion related to the growth of an 
anticlinal structure near the present Kodiak shelf break. 
Byrnc (1986) p ropod  that vertical uplift of the Kodiak 
shelf began in late Eocene time in tesponse to 
underplating of sediments along the Pacific-Nor& 
American convergent shelf margin. The absence of 
Oligocene and early Miocene(?) strata in the offshore 
Kodiak COST wells suggests that regional uplift of the 
Kdiak area persisted through middle(?) Miocene time 
(Turner and others, 1987). 

Slope and BaseoCSlope 

Seismic horizons underlying the slope and base+f-sIope 
adjacent to the Middleton shelf are visible on line 425 
(fig. 9). Horizon M6, correlated at the Middleton Island 
No. 1 well with the base of the Yalcataga Formation, 
underlies a sequence of relatively undeformd strata that 

extends acms  the upper and middle areas of the slope. 
Seismic profiles of the lower one-third of the slope 
display numerous diffractions, suggesting that the strata 
have undergone significant deformation. Dredge 
samples collected along the lower slope consist of 
siltstone and sandstone of probable Paleogene age, and 
poorly consolidated siltstone and mudstone of late 
Cenozoic age (Pla&er and Bruns, 1982; Platker, 1987). 

Strata overlying oc&anic basement at the base of the 
continental slope are relatively undeformed (fig. 9). 
Hofizon Al, base of Pleistocene, and horizon A3, top 
of oceanic basalt (Bruns, 1985b), can be id 
landward beneath disturbed strata of the lower slope. 
The undeformed eonfiguration of baseof*lope 
reflections indicates that subduction of the Pacific plate 
at this site is occurring without underplating or other 
forms of sediment accretion that are aormally assminted 

with plate convergence along the Pacific-North 
American plate boundary to the west (chapter 4, this 
=port)- 

Yakataga Segment 

Shelf S tdgraphy 

The stratigraphic hmework of the offihore Yakataga 
shelf and shelf margin was developed from the 
interpretation of multichannel seismic-reflection data 
which were correlated, to tbe Gulf of Alaska COST 
No. 1 well and 10 offshore exploratory web. The 
correlation of seismic horizons and sequences was 
complicated by the structural complexity of this segment 
of the continental margin. Four regional seismic 
horizons, designated K1 to K4, were correlated in order 
to establish an arenl and temporal ntrntigraphic and 
structural framework @late 2; figs. 10, 11, and 12). 

Velocity analysis of Yakataga shelf strata utihhg 
borehole-compensated (BHC) sonic data oMained from 
exploratory wells and interval velocities derived from 
seismic-reflection stacking ve1ocitk.s revealed that the 
telationship between interval velocity and depth is 
highly variable with respect to both the structural s&g 
and the geologic age of the strata. Because of this, 
precise timedepth conversion of seismic-reflection data 
would require knowledge of the local velocities at dl 
points. As this is impractical for a regional study, the 
somewhat less precise method of utilizing a single 
representative velocity function was applied. Tbe single- 
function method appears to have provided satisfactmy 

Seismic Stratigr*, 21 



0 1 2 3 4 5 6  

4,000 - 
6,000. 
8.000 - 

V 

10,000 - g 12.000 - 
14,000 - 

Vrloc'q ourvr d e h d  
E 18.000 from ntogratad 

intarvat vdoelti*r 
obtdnbd from av.rogrd 

22.000 
aeI8mh-rotleetion 
mtatking vrlocitlea, and ia 

E 24,000 - wild for ahoff portion 2 26.000 - of profile only. 

28,000 - 
30.000 - 
32.000 A 

LINOISTURBED NEOCENE 
AND OVERLYING WATEANART OCUNlC STRATA CRUST 

Figure 9. Seismic-reflection profile across the slope and base-of-slope adjacent to the Middleton shelf. Horizons shown represent (M2) a middle to late 
Pleistocene regional unconformity, (M6) base of late Miocene glaciomarine sediments, (Al) baseof Pleistocene strata, and (A3) top of oceanic basalt. 
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Figure 10. Correlation of seismic sequences and horizons from west to east across the Yakataga segmemt of the Gulf of Alaska continmCal shelf. The 
time-stratigraphic column on the left is based on prelimhary pnleontological analysis of the Exxon OCS Y-0080 No. 1 well and is valid only in the vicinity of 
this well. Horizon K4 represents an uuconformity separating Miocene Poul Creek strata and late Pliocene Yakataga sediments at the OCS Y-0080 well. 
Correlation of horizon K4 to the east is hampered by limited seismic molution due to a progressively thickening Pliocene and Pleistocene stratigraphic saction. 
Horizon PC, the top of the Poul Creek Formation at the OCS Y-14 No. 2 a d  OCS Y-0007 No. 1 web, is picked on the h i s  of paleontologic and lithologic 
data. See figure 66 for well locations. Seismic profiles courtesy of, from left to right, Petroleum Information, Conoco, Inc., Amoco Production Company, and 
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results for purposes of regional structural analyses of the 
Yakataga shelf. 

For this study, integrated BHC sonic data from the 
Exxon OCS Y4080 No. 1 well were used to construct a 
representative velocity curve (fig. 8). The OCS Y-0080 
No. 1 well is located in a less structurally deformed area 
of the Yakataga shelf, and provides a timedepth 
function that correlates closely with curves derived from 
seismic-reflection stacking velocities from less severely 
deformed areas of the platform. T1K use of a constant 
velocity function for time-depth conversion should not 

affect the stratigraphic or structural interpretation of the 
area. However, absolute depth values in more 
structurally complex areas, especially those that have 
undergone a large amount of uplift, may be in error up 
to approximately 10 percent. 

Horizon K1 
Horizon K1 represents a regional unconformity 
separating late Pleistocene sequences I and 11 strata of 
the Yakataga Formation (figs. 10 and 11, plate 2). 
Horizon K1 typically appears as a medium-amplitude, 
semi-continuous to continuous reflection. It is best 
recognized over structural highs, where overlying basal 
sequence I reflections terminate progressively updip at 
the horizon by onlap. West of Icy Bay, horizon Kt was 
uplifted over thrust-faulted anticlines and truncated at 
the seafloor. 

Sequence I 
On the western Yakataga shelf margin, sequence I is 
represented in the OCS YM)80 No. 1 well by 2,300 feet 
of late Pleistocene glaciomarine sandstones, siltstones, 
shales, and conglomerates of the upper Yakataga 
Formation (fig. 10). Sequence I generally increases in 
thckness from west to east, where maximum 
thicknesses occur in structural lows situated on the 
downthrown side of high-angle reverse faults. Angularly 
discordant reflections at the upper boundary of the 
sequence, the seafloor, indicate widespread erosional 
truncation of upper sequence I strata (plate 2, all lines). 
A wide range of seismic facies and the presence of 
numerous local and sub-regional unconformities within 
sequence I suggest a complex depositional and structural 
history. A partial list of internal reflection patterns 
includes parallel, subparallel, divergent, and clinoform 
configurations. Divergent reflections and clinoform 
configurations indicate the progradation of sediments 
into rapidly subsiding or preexisting structurally 
controlled depocenters. Mounded reflection 
configurations are locally observed on strike profiles, 
and are interpreted to represent deepwater fadslope 

deposits. Basal reflections within sequence I commonly 
terminate by onlap against underlying structural highs. 

Horizon K2 
Horizon K2 is mapped on a prominent medium- to 
high-amplitude, generally continuous reflection that 
represents the lower boundary of sequence I1 (fig. 10 
and plate 2). Reflections above and below horizon K2 
are commonly concordant, although locally 
unconformable relationships are present. Onlap of 
overlying basal reflections can be noted adjacent to the 
Kayak Island platform (plate 2, line YG-3, I W  end) 
and over isolated structural highs within the subbasin 
(line YG-4, center). Reflections directly beneath horizon 
K2 display little or no discordance, suggesting that the 
sequence boundary may represent a hiatus rather than an 
erosional surface. 

Sequence I1 
Sequence 11, bounded unconformably above by horizon 
K1 and below by horizon K2, is represented in the OCS 
Y-0080 No. 1 well by more than 1,750 feet of late 
Pleistocene glaciomarine clastic sediments (fig. 10 and 
plate 2). Reflections within sequence 11 are 
characterized by variable amplitude and moderate 
continuity. Internal reflection configurations are 
predominantly parallel to occasionally divergent. 

A rather extensive mounded facies is displayed on 
oblique-strike profiles YG-1 and YG-2. This facies has 
been mapped as a broad mound with a depositional axis 
that strikes east-northeast. Reflections within this 
structure exhibit gently sigmoid to divergent patterns. 
Basal reflections downlap against horizon K2. The 
geometry and internal reflection configurations of this 
mounded facies are consistent with either a fan complex 
deposited on a subsiding deepwater shelf, or a slope or 
basinal fan or fan complex (Sangree and Widmier, 
1977). 

Horizon K3 
Horizon K3 is a generally conformable contact between 
overlying early Pleistocene sequence IIl strata and the 
underlying Pliocene and early Pleistocene strata of 
sequence IV (figs. 10 and 12, plate 2). However, 
unconformable relationships are apparent locally, as can 
be seen on line YG-4 (center) and line YG-3 (NW end), 
where syndepositional faulting and subsidence have 
resulted in termination by onlap of overlying reflections 
against subbasin flanks. Reflections directly beneath 
horizon K3 are predominantly concordant with the 
sequence boundary. 
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Sequence III 
In the OCS Y-0080 No. 1 well, sequence 1II 
corresponds to more than 1,300 feet of early Pleistocene 
shale and sandstone of the Yakataga Formation 
(fig. 10). Reflection characteristics within the sequence, 
including amplitude, frequency, and continuity, are all 
highly variable, suggesting that the seismic unit 
represents a range of depositional processes. On the 
western Yakataga shelf, sequence Ill reflections d i l a y  
poor continuity and medium- to low-amplitude, which 
are characteristic of laterally discontinuous lithofacies 
with low internal acoustic impedance contrasts (plate 2, 
limes YG-1, YG-2). Sequence JII reflection continuity 
increases from west to east (lines YG-5, YG-6), which 
may indicate deposition in a progressively more uniform 
environment. Reflection configurations within sequence 
111 are predominantly parallel to subparallel, except 
where local subsidence has resulted in increased 
sediment accumulation. At such locations (plate 2, line 
YG-4, center), the reflections diverge basiiward as a 
result of contemporaneous fault movement and 
differential subsidence rates. 

Horizon K4 
Horizon K4 is a variable amplitude, semicontinuous 
reflection that, in the vicinity of the OCS Y-0080 No. 1 
well, separates overlying sequence IV strata of the 
Yakataga Formation from underlying Miocene clastic 
sediments of the upper Poul Creek Formation (fig. 10 
and plate 2). Horizon K4 cannot be traced east of the 
Bering Trough, where it is masked beneath a thickening 
overlying stratigraphic section. On the western 
Yakataga shelf, horizon K4 truncates underlying angular 
reflections (plate 2, lines YG-1, YG-2), indicating that 
the sequence boundary is at least in part erosional. 
Seaward of the shelf break, a prominent high-amplitude 
reflection is apparent beneath horizon K4 (plate 2, lines 
YG-1, YG-2, YG-4, horizon U). This local horizon, 
designated horizon U, is erosionally tnmcated updip at 
horizon K4 (Iines YG-1, YG-2). Where present, horizon 
U may delineate the base of the Yakataga Formation, 
and horizon K4 may represent an intraformational 
unconformity. 

Sequence IV 
Sequence IV, bounded above by horizon K3 and 
unconformably below by horizon K4, is represented in 
the OCS Y-0080 No. 1 well by more than 2,500 feet of 
early(?) Pliocene to early Pleistocene shale, 
conglomerate, and sandstone of the lower Yakataga 
Formation (fig. 10 and plate 2). Reflections within 
sequence IV are generally semi-continuow and of 
variable amplitude. Reflection configurations within the 

unit are parallel to subparallel and, less commonly, 
divergent. Reflections at the base of sequence IV are 
generally concordant with the lower bound'ig horizon, 
although local onlap is apparent on the flanks of 
pre-existing structural highs. As previously noted, the 
base of sequence IV, horizon K4, cannot be identified 
with certainty east of the Bering Trough. Comequently, 
it is unclear whether the base of sequence IV 
corresponds to the base of the Yakataga Formation on 
the eastern Yakataga shelf, as depicted in figure 10 
(OCS Y-0014 No. 2 and OCS Y-0007 No. 1 wells) or 
occurs here as a shallower, unconformable 
intraformational boundary. If the base of sequence IV 
on the eastern shelf is a horizon within the Yakataga 
Formation, as seismic correlation suggests (plate 2), 
then the basal Yakataga section is terminated by erosion 
and/or nondeposition from east to west. 

Sequence V 
In the OCS Y-0080 well, sequence V is represented by 
over 5,000 feet of middle to late Miocene age siltstone, 
shale, and rare sandstone of the Poul Creek Formation 
(fig. 10). The lower boundary of sequence V is not 
resolvable on available multichannel seismic-reflection 
profiles (plate 2), but on the basii of onshore 
sedimentary sequences, it is believed to correspond with 
the base of the Poul Creek Formation. Reflections 
within the sequence typically display poor continuity 
and variable amplitude, and are in part obscured by 
reflection multiples from shallower portions of the 
section. West of the Bering Trough, reflections in the 
upper part of the sequence exhibit angular discordance 
with the upper sequence boundary, indicating 
widespread truncation by erosion of upper sequence V 
strata (plate 2, lines YG-1 through YG-3). To the east, 
reflections are predominantly txmamht with horizon 
K4. Identification of distinct seismic facies and 
associated depositional environments within sequence V 
is restricted by the resolution of available reflection 
profiles. However, palwntological and electric-log data 
suggest that the strata were deposited in a deepmarine 
basinal setting. 

Sub-sequence V Strata 
The geologic nature of sedimentary strata underlying 
sequence V is inferred from matine seismic-refraction 
data. Studies by Bayer and others (1978) suggest that 
the continental shelf between Icy Bay and Kayak Island 
may be underlain by as much as 35,000 feet of probable 
Tertiary age sedimentary rock. Velocities within the 
lower portion of the sedimentary section (pre-sequence 
V) range from about 12,500 to 18,000 feet per second. 
The section is presumed to consist of strata equivalent to 
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the Eocene and early Oligocene(?) Kultbieth and 
Stillwater Formations. Viewed in three dimensions, the 
pre-sequence V section resembles a wedge that thins 
toward the shelf margin. Southeast of Kayak Island, a 
16,000-foot-thick interval of relatively high-velocity 
strata (15,500 to 18,000 feet per second) is present near 
the base of the section, and most likely represents 
Paleogene (Stillwater Formation or equivalent?) 
metasedimentary rock. This high-velocity unit is not 
present to the east (Bayer and others, 1978). The 
deepest layer resolved by the refraction study has a 
seismic velocity of approximately 23,000 feet per 
second, typical of the Paleogene oceanic basalt that 
composes acoustic basement beneath the eastern Gulf of 
Alaska. 

Slope and Rise 

The continental slope off the Yakataga shelf margin is 
underlain by complexly faulted and folded Yakataga 
Formation and older strata (fig. 13). Seismic horizons 
K1 through K4 can be traced from the shelf a w a r d  
onto the upper slope, where reflections appear to 
terminate against a highly thrust-faulted and anticlinally 
deformed zone. This zone underlies the central area of 
the slope and is most likely underlain by repeated 
down-faulted sections of the Yakataga Formation 
(sequences I-N). Unfortunately, seismic correlation in 
this zone is hampered by the presence of numerous 
diffractions and, at depth, by the first seafloor multiple. 

The base of the slope is marked by a bathymetric high, 
the Khitrov Ridge, a linear zone of relatively recent 
anticlinal deformation (fig. 13). Dredge sampling along 
the seaward slope of the Khitrov Ridge yielded 
siliciclastic and calcareous sediments of early Pliocene 
through Pleistocene age that are similar to the onshore 
Yakataga Formation (Plafker and Claypool, 1979; 
Plafker, 1987). Some of the samples collected from the 
Khitrov Ridge may be accreted trench deposits that have 
been rapidly lithified by forces associated with oblique 
subduction along the Pacific-North American plate 
boundary (Plafker and others, 1978d, Pla&er, 1987). 

Seaward of the Khitrov Ridge, 5,000 to 10,000 feet of 
relatively undeformed strata overlie Paleogene oceanic 
basalt adjacent to the base of the continental slope 
(fig. 13, limes 922, 928). Horizons within the 
basesf-slope section are identified from correlation of 
multichannel seismic-reflection data to Deep Sea 
Drilling Project (DSDP) hole 178 east of Kodiak Island 
(T. R. Bruns, unpublished data, 1978). Reflections 
within the upper Pleistocene sequence are typically flat 

lying and continuous, indicating areally uniform 
deposition. The underlying sequence (Oligocene(?) to 
Pliocene) exhibits varied reflection contigurations, 
ranging from generally parallel to moderately chaotic. 
Reflections within the basesf-slope section terminate at 
the seaward base of the Khitrov Ridge (fig. 13, lines 
922 and 928). 

Yakutat Segment 

Shelf and Slope 

Seismic reflectors underlying the Yakutat segment of the 
continental shelf and slope were correlated to the ARC0 
OCS Y-0211 No. 1 well (Yakutat well) by the ue nf 
synthetic seismograms (fig. 14). Three seismic horizons, 
designated Y1 to Y3, were mapped over the area using 
a network of multicha~el seismic-reflection profiles. 
Structure contour and isopach maps were prepared from 
the interpreted data (figs. 15 and 17 through 20). 
Seismic time was converted to depth using integrated 
boreholecompensated sonic data obtained from the well 
down to 3.5 seconds tweway time; below 3.5 seconds, 
an averaged timedepth curve was constructed from 
interval velocities derived from seismic-reflection 
stacking velocities by using the Dix equation @ix, 
1955)(fig. 8). 

Horizon Y1 
Horizon Y 1 corresponds to a regional unconfkty 
that, in the vicinity of the OCS Y M l l  well, separates 
the early Pliocene to Pleistocene age glaciomarine 
sediments of sequence I from underlying sequence I1 
strata (figs. 14 and 15, plates 3A and 3B). Horizon Y1 
is mapped on a medium- to high-amplitude, moderately 
continuous reflection. Seaward, horizon Y1 terminates 
at the shelf seafloor (plate 3A, lines YT-1, YT-2; plate 
3B, limes 909, 91 I), or is truncated along the continental 
slope (plate 3A, lines YT-3, YT-4). South of Lituya 
Bay, at the eastern limit of the Yakutat shelf, h o b n  
Y1 onlaps acoustic basement. 

Sequence I 
Sequence I, bounded by the seafloor and by horizon Y1, 
consists of medium- to high-amplitude reflections 
displaying poor to moderate continuity (plates 3A and 
3B, all lines). These characteristics suggest laterally 
discontinuous and lithologically variable strata. 
Correlations of the Yakutat OCS Y4211 well (fig. 14) 
to onshore wells and with dredge samples from the shelf 
margin (Plafker and others, 1980) suggest that 
sequence I strata are equivalent to the glaciomarine 
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I I 
Figure 14. Seismic sequences and horizons, stratigraphic divisions, chromstmtigraphy, and multichannel 
seismic-reflection profile of the OCS Y m l l  No. 1 well, Yakutat segment of the Gulf of Alaska. The depth scale was 
calibrated to the seismic profile by use of a synthetic seismogram. The seismic-reflection profile is courtesy of ARC0 
Alaska, Inc. 
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sediments of the Yakataga Formation. Strata within 
sequence I thii seaward away from the coastal margin 
(plate 3A, YT-1 through YT-4, plate 3B, lines 909, 
91 I), and from the Pamplona zone southeastward to 
Fairweather Ground (plate 3B, line YT-5). This 
thinning is accomplished primarily by onlap against the 
lower boundary, and to a lesser extent by internal 
convergence of reflectors. At the seafloor, 
progressively older strata are exposed from north to 
south, away from the present-day coastline. Strata at the 
seafloor appear to have been terminated primarily by 
erosion. 

Numerous local unconformities are present within 
scqueucr. I (plate 3B, line 909, NE end at 1 second). 
These are expressed by seaward onlap of younger strata 
against underlying sediments. The unconfonnities 
appear to have developed in response to episodic 
Neogene uplift along the outer shelf, and in conjunction 
with contemporaneous regional subsidence inland 
adjacent and parallel to the coast between Yakutrrt Bay 
and Cross Sound (plate 3A, YT-1 and YT-2, NE ends; 
plate 3B, lines 909, 91 1). 

A welldeveloped channel system is present in the 
middle to upper section of sequence I (fig. 16). The 
channels are steep walled and have an average apparent 
width of 1 to 1.5 miles. Individual channels range in 
depth from less than 500 feet to approximately 
1,000 feet. Channel lengths cannot be determined from 
the present seismic coverage grid. The acoustic 
signature from within the channel fill is typically 
discontinuous to chaotic, and in some instances 
transparent, suggesting variable lithology and degree of 
stratification. The interval velocity of the channel Ill is 
occasionally lower than that of adjacent sediment. 
resulting in pull-downs in underlying reflections 
(fig. 16, l i e  A, south end, lower channel). 

Many of the channels underlie two locally 
unconformable horizons. These horizm.9 are interpreted 
to represent erosional surfaces formed during Pliocene 
and Pleistocene sea level lowstands. During the 
lowstands, glacial and glacial-flwial processes eroded 
the c h a ~ e k  in underlying glaciomarine sediments. 
Analogous channels of glacial-fluvial origin have been 
recognized in the Yakataga Formation onshore in the 
southern Alaska Coast Range (Armentrout and others, 
1979; Armentrout, 1983b) and on Middleton Island 
(Plafker and Addicott, 1976; Eyles, 1987). 

Horizon Y2 
Horizon Y2 represents an mco&ormity or its 
correlative conformity and separates the late Eocene to 
middle Miocene clastic s e d i i t s  of sequence 11 fiom 
the underlying Eocene sequence IU strata (figs. 14 and 
17, plates 3A and 3B). Horizon Y2 appears as a highly 
variable reflection throughout the Yakutat shelf. In 
some areas it is a prominent high-amplitude reflection, 
whereas in other areas it is difficult to distinguish from 
surrounding conformable reflections, or is masked by 
multiples. Horizon Y2 can most easily be recognized 
just south of the OCS Y4211 well location, where 
discordant basal sequence II strata terminate by onlap 
(plate 3A, l i e  YT-2, SW end). Horizon Y2 shallows 
from northwest to southeast across the Yakutat shelf, 
and is truncated by erosion at the seafloor northwest of 
the Fairweather Ground uplift (fig. 17). 

Sequence IT 
Sequence 11, bounded unconformably by horizons Y 1 
and Y2, is charncterized by low- to medium-nmplitude, 
moderately continuous to occasionally discontinuous 
reflections (plates 3A and 3B, all lines; fig. 18). 
Sequence 11 reflestions are frequently obscured by 
multiples generated within the overlying section (plate 
3A, l i e  YT-1, right of center). Reflections at the top of 
the sequence are generally concordant with horizon Y1. 
Within sequence 11, the reflections are parallel to 
subparallel, suggesting uniform deposition in a stable 
platform setting. Basal reflections are typically 
concordant with horizon Y2, although in areas of local 
subsidence (plate 3A, line YT-2, left of center) or 
structural uplift (plate 3A, line YT-1, YT-2, SW ends) 
the reflections display prominent onlap. 

Based on correlations with the OCS Y4211 well and 
with dredge samples collected from the shelf margin 
(Plaker and others, 1980), sequence II strata are 
equivalent to the Poul Creek Formation of late Eocene 
to middle Miocene age. 

Horizon Y3 
Horizon Y3 is a prominent high-amplitude reflection 
that delineates the top of acoustic basement (plates 3A 
and 3B, all lines; fig. 19). At the OCS Y m l l  well, 
horizon Y3 unconformably separates Paleope clastics 
from underlying igneous intrusive rocks (fig. 14). On 
the Yakutat shelf west of the Dangerous Rivet zone, 
horizon Y3 is believed to represent the top of an 
equivalent igneous unit. East of the bangerous River 
zone, where acoustic basement consists of 
metamorphosed sediments of the Yakutat Group (Bruns, 
1982a), horizon Y3 represents the unconformity 

Seismic Stratigraphy, 31 



EXPLANATION 

Thrust fault. sowteeth on 
upthrown ride - Normal ftult. 
U = upthrown side 

Strike-slip fault, offset 
in direction of arrow 

-4Q00- Sediment isopoch, contour 

; .  :.";;'%;;. 
interval = 1000 'feet 

::... .:.: ..... Dangerous River zone 
y////d Shelf break 
rn Onlapped horizon 
"Ch*C Truncated horizon 

F i r e  15. Structure 
contour map of seismic 
horizon Y 1 on the 
Yakutat segment of the 
Gulf of Alaska 
continental shelf. 
Horizon Y1 is mapped 
on an unconwty 
which separates early 
Pliocene through 
Pleistocene glacio- 
marine sediments of the 
Yakataga Formation 
from underlyiug Poul 
Creek strata of late 
Eocene to middle 
Miocene age. 



$ Figure 16. Pliocene and Pleistocene glacial and glacial-fluvial channels within the YJDtaga Formation (Sequence I) in the vicinity of Yalcutat Bay. Notice 
8 unwnformities A (Pleistocene) and B (Pliocene?), which reflect low sea-level stands. ~ u l t i c k l  seismic-reflection data are courtesy of an anonymow donor. 
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figure 18. Isopach map 
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separating the basement from overlying early Palwgeue Base-ofSlope 
strata. Along the northern margin of the Fairweather 

A relatively thick sedimentary section overlies acoustic 
Ground uplift (fig. 19), hor im  Y3 is truncated at the 

basement at the base of the continental slope seaward of 
seafloor by a combination of faulting and erosion. West 

the Transition fault zone (plate 3B, lines 909, %7, 
of this uplift, horizon Y3 is terminated on or at the base 

SW ends) (fig. 21). Three seismic horizons within this 
of the slope. 

sequence have been correlated using a multichaonel 

Sequence III 
At the OCS Y m 1 1  No. 1 well, sequence III is 
composed of late early to late Eocene deltaic marine 
clastic sediments (fig. 14). Sequence III strata are 
limited primarily to the west subbasin, west of the 
Dangerous River zone, except for a thin inlier section 
south of Dry Bay (fig. 20). Reflections within this 
sequence display poor to moderate continuity, atul 
locally the section appears almost reflection free 
(plate 3B, line YT-5, SE end), which may indicate 
either a lithologically homogenous section or poor 
acoustic response. In other areas, reflections appear 
relatively strong (plate 3B, line YT-5, NW end), 
although some of these high-amplitude events appear to 
be multiples of earlier reflections. Reflections near the 
upper boundary of sequence III commonly display 
concordance or, less frequently, toplap with horizon Y2. 
Within the sequence reflections are generally parallel, 
although locally oblique progradational patterns occur 
(plate 3A, l i e  YT-3, center). At the base of sequence 
III, reflections terminate by onlap and, less often, 
apparent downlap onto horizon Y3 (acoustic basement). 
This combination of reflection patterns and terminations 
indicates that sequence IJl strata were deposited by both 
progradational processes and more uniform sedimentary 
processes in a subsiding shelf or b a s i i  setting. 
However, because of the poor seismic response and 
predominance of multiples within sequence IU, 
interpretations based solely on seismic characteristics 
are tentative. 

Sequence IV 
Sequence IV corresponds to acoustic basement beueath 
the Yakutat continental margin (fig. 14). As previously 
stated, east of the Dangerous River zone the basement 
consists of moderately to complexly deformed and 
metamorphosed sediments of the Mesozoic Yakutat 
Group. West of the Dangerous River zone, igneous 
rocks unconformably underlie the Tertiary clastic 
section. Sequence IV reflections are typically 
disordered. Local high-amplitude kflectiom occurring 
below acoustic basement are. not interpreted to be 
primary reflections (e.g., plate 3A, Line YT4, near 
shelf break). 

seismic-reflection data network tied to DSDP hole 178, 
located east of Kodiak Island (Bnms, 1983b). Horizon 
A, the youdgest of the mapped reffections, appears to 
represent basal Pleistocene. Horizon B correlates 
approximately to the base of Pliocene strata. Horizon C, 
the deepest reflection, is c b a r a c t e a  by variable 
amplitude, discontinuous, and frequently hyperbolic 
reflections generated from the s e d ' i t d c  basalt 
interface. 

In the vicinity of the slope margin, reflections from 
Pleistocene and younger strata overlying horizon A are 
typically parallel to subparallel and continuous, although 
locally they appear wavy and/or mounded. Bnms 
(1983b) attributes the wavy andlor mounded facies to 
deposition in a turbidite fan with buried channels and 
levees. The underlying sequence, bounded by horizons 
A and B, displays reflections of moderate amplitude and 
continuity. Reflections within this Pliocene unit are 
predominantly parallel to subparallel, indicating fairly 
uniform sedimentation in a stable basinal setting. Tbe 
lowermost sequence, consisting of pre-Pliocene strata 
overlying acoustic basement, is variable in appearance. 
Reflection-free zones within this sequence suggest areas 
of nonstratification or lithologic homogeneity (plate 3B, 
line 967, SW end). 

Southeast Segment 

Shelf Platfonn 

The offshore stratigraphy of southeast Alaska is not well 
known. Because there is little or no geological data from 
this area, the stratigraphic framework of the region is 
based heavily upon geophysical studies. 

Acoustic basement underlying the southeast Alaska 
continental shelf is likely composed of well indurated, 
compositionally diverse Paleozoic and Mesozoic rocks 
that are stratigraphically equivalent to sedimentary, 
metamorphic, and igneous rucks exposed on nearby 
islands and the adjacent mainland. Refraction velocities 
obtained from the basement sequence in shallow 
intrabasinal shelf,areas are relatively &st, generally 
greater than 16,400 feet per second ( B m  and Carlson, 
1987), and are indicative of a highly indurated rock. 
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Figure 21. Isopach map of total sediment thickness between oceanic basalt and seafioor at the base of the slope 
adjacent to the Yakutat shelf margin. 

Acoustic basement reflections vary greatly in amplitude, 
cycle breadth, and lateral continuity. Basement 
reflections from shallow intrabasii- platform areas tend 
to be moderate to high in amplitude and relatively 
continuous, expressing the high velocitydensity contrast 
between younger glaciomarine sediits and older, 
more highly indurated basement rock. In deeper b a s i i  
areas, acoustic basement is represented by low- 
amplitude, poorly to moderately continuous reflections 
(e.g., Southeast Alaska subbasia, plate 4, line SE-2, 
center). 

Strata overlying acoustic basement offshore of southeast 
Alaska were mapped utilizing a nelwoik of multichanuel 
seismic-reflection profiles (fig. 22). Interval velocities 
derived from seismic-reflection stacking velocities were 
used to convert two-way reflection time to depth 
(fig. 8). The continental shelf between Cross Sound and 
Dixon Entrance is covered by a thin veneer of 
sediments, and is iderlain in areas by small, 

asymmetric, fault-bounded subbasii. The age of strata 
overlying awustic basement is inferred largely by 
correlation with adjacent stratigraphic systems. West of 
Cross Sound (fig. 22), shelf strata bordering the Yakutat 
terrane are correlated tentatively with nearby 
Pliocene(?) through Pleistocene glaciomarine d i t s  
of the Yakataga Formation. However, strata on the 
southeast Alaska shelf are in part disjoined from rocks 
of the Yakutat terrane by the Fairweather fault (fig. 22 
and plate 4, line SE-6). Seaward of Dixon Entrance, 
along the southern portion of the shelf margin, strata 
overlying acoustic basement ate tentatively correlated 
with a late Miocene to Pliocene nonmarine facia of the 
Skonun Formation of the Queen Charlotte Basii 
(Shouldice, 1973; Yorath and Chase, 1981). 

West of Prince of Wales Island, the southeast Alaska 
shelf is underlain by a small, structurally isdated 
subbasin containing approximately #),000 feet of strata 
(fig. 22 and plate 4, line SE-2). Strata within the 
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Seismic Strorigraply, 41 



subbasin have been truncated by at least four major 
unconformities (line SE-2, UNC-1 through UNC-4). 
The margins of the subbasin were uplifted prior to 
deposition of post-UNC-3 quemcs. Wrench 
deformation, which appears to have offset strata within 
the central subbasin, ceased before or coincident with 
the development of unconformity UNC-2. Strata 
between UNC4 and the seafloor appear to be coeval to 
strata of the Neogene Yakataga Formation on the 
Yakutat terrane to the north. The age of strata below 
unconformity UNC-4 cannot be determined by seismic 
correlation, although interpretations based on seismic 
velocity and gravity data suggest a pre-Neogene age for 
these sediments. Interval velocities derived from CDP 
seismic-reflection data through this sequence are 10 to 
30 percent greater for corresponding depths than typical 
Neogene values derived from Yakutat shelf sediments, 
suggesting a greater degree of induration. Sediment 
depocenters within the southeast Alaska shelf are 
normally expressed by a correspondiig low free-air 
gravity anomaly (fig. 23). However, the shelf area west 
of Prince of Wales Island displays an associated gravity 
anomaly of only limited amplitude, much less than 

would be predicted for the mapped volume of Neogene 
basin fill. This relationship further enforces tfie proposal 
that basin strata underlying UNC-2 are of pre-Neogene 
age. 

Slope and Rise 

Seaward of the FainveatherQueea Charlotte fault, the 
sedimentary section ranges from approximately 
5,000 feet thick on the upper shelf, where reflections 
are largely obscured by near-surface faulting, to greater 
tban 14,000 feet thick along the inner rise (figs. 22 and 
24). Slope and rise strata are deformed along two linear 
structural zones that probably were generated by wrench 
tectonism (fig. 24) (see chapter 4). Tbe s d i n t a r y  
section along the base of the slope is middle M i m  
and younger in age, based on correlation of seismic- 
reflection profiles to DSDP hole 178, Kodiak shelf (von 
Huene and others, 1979; Bruns, 1983b, 198%; Bnms 
and Carlson, 1987), and on the middle Miocene age of 
oceanic magnetic anomalies on the adjoining Pacific 
plate (Naugler and Wageman, 1973; Berggren and 
others, 1985). 
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Figure 24. Multichaqel seismic-reflection profiles across the shelf margin, southeast Alaska, showing the Fairweather-Queen Charlotte fault system and inner 

$ and outer structural zdnes. Deformation along structural zones, which pmbbly reflects wrench fault activity along splays of the Fairweather-Queen Charlotte 
fault system, decreases in intensity to the north (von Huene and others, 1979; Snavely and others, 1981; Bruns, 198%; B m  and Carlson, 1987). 
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4. Structural Geology 

Middleton Segment 

The Middleton segment of the Gulf of Alaska 
continental margin is underlain by rocks of the Prince 
William terrane and reflects convergence of the western 
end of the Yakutat terrane with the inboard temmx of 
southern Alaska (fig. 25). The Kayak wne, an area of 
uplift and structural shortening, bounds the Middleton 
shelf to the east. Seaward, the Pacific plate is subducting 
beneath and truncating the shelf margin along the active 
Aleutian subduction zone. 

Shelf Structure 

The continental shelf of the Middleton segment is 
characterized by zones of faulted and anticlinally folded 
strata that trend northeastwardly, and separate areas of 
local synclinal deformation (figs. 7 and 25, and plate 1). 
The faults typically display high-angle reverse or thrust 
offset, with the upthrown side to the northwest. 
Antithetic faulting is less common and not as well 
developed. Anticlines associated with the thrust and 
reverse faults are asymmetric and typically display 
stratal truncation along the M m g  fault. 

The central Middleton shelf can be subdivided into five 
principal zones based on structural associations and 
orientation of fold and thrust featurea (fig. 25). Within 
each zone, strata have been uplifted along parallel axes 
by reverse faulting and anticlinal folding. The crests of 
the uplifted zones are commonly truncated, exposing 
late Mioccuc and possibly older strata at Ulc; seafluor. At 

three locations, Wessels Reef, Middleton Island, and 
Fountain Rock, strata withii the uplifted zones are 
subaerially exposed. Structural dcfornlation of all five 
zones occurred predominantly during the middle to late 
Pleistocene and later. This deformation appears to have 
occurred rapidly and simultaneously throughout the 
Middleton shelf area, with the later deformation 
continuing to the present time, though at a decreased 
rate. 

Plafker and Rubin, 1978). Seafloor offset is apparent 
across faults at the crests of zones of deformation, 
indicating many of the reverse and thrust faults are or 
have been recently active (plate 1, all lines). Along the 
flanks of the thrust zones even the youngest strata 
display thinning and/or uplift. 

A structurally positive linear feature located s o u ~ t  of 
Montague Island, informally designated the Middleton 
transverse high, trends in a southeasterly di i t ion  
across the shelf nearly perpendicular to the principal 
zones of deformation (figs. 7 and 25). Tertiary strata on 
the flanks of the transverse high have been uplifted and 
erosionally truncated at the seafloor. Along other 
pprtions of the high, strata terminate against the uplift 
by reverse or thrust faulting. Seismic-reflection profiles 
across the margins of the high show thinning of late 
Miocene and younger strata, suggesting ongoing uplift 
since at least that time. Poor acoustic respoose from 
strata beneath the base of the Yakataga section precludes 
an interpretation of events occurring before the late 
Miocene. The mechanism of uplift for the Middleton 
transverse high has not been determined, although it 
may be related to subduction at the Aleutian trexlch of a 
detached piece of the southwest margin of the Yakutat 
terrane. The southeast end of the high crosses the 
continental slope at a point where the Aleutian 
subduction zone disappears beneath the slope, and 
east-west oriented anticfinal &f-ticm prevails to the 
east along the base of *e Yakutat terrane (fig. 25). 

Extendiig from W i a m  and Kayak Islands southwest 
across the continental shelf and slope, the Kayak ZMK 

represents the offshore boundary between the Prince 
William and Yakutat terranes (fig. 25) (Bnms, 1985b, 
Plafker, 1987). On seismic-reflection profiles, the 
Kayak zone appears as a tectonically uplifted region, 
often reflection free, bounded by and incorporating 
predominantly up-to-the-northwest high-angle reverse 
faults (plate 1, line MI-1, south end). The absence of 
reflections and the widespread presence of diffractions 

Evidence of active tectonism on the Middleton shelf is in parts of the Kayak zone suggest that the strata are 
steeply dipping and intensely deformed, analogous to apparent at Middleton Island, where uplift is occurring 

at a rate of approximately 1 cmlyr (Plafker, 1969; strata exposed on Kayak Island (Plaker, 1974). 
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Figure 25. Structural elements of the Middleton segment of the Gulf of Alaska contbntal margin, including principal zones of thrust dcfwmation, structural 
highs and lows, and significant tectonic elements. Onshore faults are adapted from h&er (1%7,1974) and Wider and Plafker (1981). convergence 
vector is from Engebretson and others (1985). 



Geologic mapping on Kayak and Wingham Islands 
revealed a steeply dipping or overturned sedimentary 
section imbricated by numerous en echelon 
up-to-the-northwest reverse faults walker, 1974; 
Winkler and Plaflcer, 1981). The high degree of reverse 
faulting and deformation displayed along the Kayak zone 
suggests that this region is a major zone of structural 
shortening. 

Onshore, the boundary between the Prince William and 
Yakutat terranes is the Ragged Mountain thrust fault 
(fig. 25; plate 1, line MI-1 , north end). The Ragged 
Mountain fault separates the highly deformed pillow 
basalts and deepwater sediments of the Orca Group 
from deformed Paleogene marine strata to the east 
(Winkler and Plafker, 1981). The Ragged Mountain 
fault extends offshore in a southwesterly direction for 
about 40 miles, eventually merging with structures 
within the central thrust zone (fig. 25). Seismic profiles 
across the offshore segment of the fault display 
high-angle, up-to-the-northwest reverse offset. The 
timing of thrusting on the offshore extension of the 
Ragged Mountain fault is difficult to determine. 
However, the offset of reflections at or near the seafloor 
along portions of the fault suggests that tectonic 
movement may have occurred as recently as the 
Holocene. Onshore, a minimum of 4 miles of 
eastward-directed thrusting has been documented 
(B-, 1%). 

The Pinnacle fault juxtaposes a thick section of Neogene 
and Pleistocene glaciomarine strata against rocks to the 
east that are interpreted to be intensely deformed 
Paleocene and Eocene rocks of the Orca Group (fig. 25; 
plate 1, line MI-1, north end). The fault is characterized 
by high-angle, up-to-theeast revers& offset. The uplifted 
volcanics and deep-marine strata of the Orca Group east 
of the fault are defined by a large positive aeromagnetic 
anomaly (fig. 26). To the north, the Pinnacle fault is 
abruptly truncated by the Ragged Mountain thrust fault. 
Late Pleistocene and Holocene strata adjacent to the 
western downthrown side of the fault display internal 
thickening in the direction of the fault (line MI-1, north 

end), indicating that significant offset along the fault 
occurred during this period. 

Middle to late Cenozoic strata of the Middleton shelf are 
largely terminated to the north and northwest by the 
North Boundary fault, which exhibits upto-tbe-north 
high-angle reverse offset (plate 1, line MI-4, north end, 
fig. 25). Rocks underlying the shallow acoustic 
basement landward of the North Boundary fault and 
south of Hinchinbrook and Montague Islands are highly 

magnetic (fig. 26) and have high seismic-refraction 
velocities (13,125 ftlsec; Bnms, 1985b), which are 
indicative of the well-indurated and altered volcanic and 
sedimentary strata of the Orca Group. 

Filtered aeromagnetic data from the central Middleton 
shelf display numerous negative anomalies that appear to 
correlate geographically to elongated areas of recent 
uplift within the principal zones of structural 
deformation (fig. 26). A. Griscom of the U.S. 
Geological Survey (written communication, 1991) 
interprets these magnetic lows as originating from 
reversely magnetized Pleistocene glaciomarine 
sediments of the upper Yakataga Formation. Uplift 
within the structural zones has exposed rocks deposited 
during the Matuyama/Brunhes magnetic reversal (older 
than 730,000 years) that possess reverse remanent 
magnetization. 

Slope and Base-ofSlope Structure 

The basc of the Middleton continental slop is marked 
by the Aleutian subduction zone, the site of the 
convergence of the Pacific and North American 
lithospheric plates (figs. 9 and 25). The convergence 
vector between the plates is calculated to be ~16%' 
(Engebretson and others, 1985), or nearly normal to the 
shelf margin. A seismic-reflection profile across the 
slope and base-of-slope reveals relatively undisturbed 
Neogene and younger strata overlying oceanic basalt and 
extending shelfward beneath d i n e  of the lower 
slope (fig. 9). Underthrusting of bedded oceanic 
sediments beneath the continental slope appears to be 
occurring along a low-angle decollement, with only 
minor deformation of overlying strata (Bruns, 1%). 
No appreciable accretion of offscraped sediment is 
apparent along this portion of the subduction complex. 

Yakataga Segment 
The western portion of the Yakutat t e m e ,  located 
between Icy Bay and the Ragged Mountain-Kayak zone, 
is overlain by intensely folded and thrust-faulted 

Tertiary strata (fig. 27). The complex structure 
displayed in this region is the result of oblique 
compression between the Pacific and North American 
plates. Seismicity suggests that the major presentday 
component of convergence is being accommodated along 
northwarddipping thrust faults and associated folds 
within the onshore margin of the Yakutat terrane @ah 
and Plafker, 1980; Perez and Jamb, 1980). The ziones 

of complex faulting and anticlinal deformation that tread 
across the Yakataga shelf and shelf margin can be traced 
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to the west, where they merge with the Aleutian 
subduction zone south of Kayak Island. 

Shelf and Slope Structure 

The Yakataga shelf and slope are characterized by 
northeast-southwest-striking thrust faults, large 
compression folds, and linear zones of complex fault 
and anticlinal deformation (fig. 27). The average strike 
of the structures is approximately ~ 6 5 %  which is 
reasonably consistent with the presentday (0-5 Ma) 
relative convergence vector of ~ 1 6 ' ~  calculated for the 
region (Chase, 1978; Minster and Jordan, 1978; 
Engebretson and others, 1985). Interpretation of 
seismic-reflection profiles reveals a complicated history 
of southeastwardly progressive swcmral growrh across 
the Yakataga shelf and shelf margin. Tbe &formational 
history of each anticlinal zone is unique, but typically 
involves an initial episode of rapid uplift followed by a 
period of quiescence or, less commonly, subsidence. 
Subsequent periods of reactivation have modified many 
of the observed siruciures. An exkmive study of Lhr; 

structural growth of selected anticlinal struclures on the 
Yakataga shelf is presented in Bnms and Schwab (1983). 

Anticlines underlying the Yakataga segment of the 
continental shelf are typically elongate and doubly 
plunging (fig. 27). Individual anticlines range from 
6 miles to greater than 20 miles in length and 2 to 
4 miles in width. The anticlines are commonly bounded 
on the seaward side by high-angle, northwestwdy 
dipping thrust faults. Antithetic faults are present locally 
on the landward side of the anticlines. Dips on the flanks 
of the anticlines are generally less than 15 degrees, 
although dips of greater than 30 &greea have been 
recognized (Bm, 1985b). 

The eastern and southern boundaries of the Yakataga 
segment are marked by a zone of relatively young 
anticlinal structural deformation, the Pamplona mne, 
and its seaward extension (fig. 13 and 27; plate 2, lines 
YG-5, 6). The Pamplona u ~ e  is underlain by 
northwestward-dited thrust faults, and represents the 
most southerly and eastwardly migration of the Yakataga 
fold-and-thrust belt. Deformation within the Pamplona 
zone appears to have originated in the middle to late 
Pleistocene and continues into the present. At the 
western margin of the Yakataga segment, the Kayak 
zone separates strata of the Yakataga fold-and-thrust belt 
from sediment overlying the Middleton shelf to the west 
(fig. 27). The Kayak zone, exposed on Wingham and 
Kayak Islands, consists of Kayak Island and its 
structural extension offshore to tbe southwest, the Kayak 

Island platform (Bruns and Schwab, 1983), and 
delineates an area of complex thrust faulting and intense 
folding (Platker, 1974). 

The greatest degree of deformation on the Yakataga 
shelf and slope appears to have occurred in latest 
Pliocene and Pleistocene time (snms aod Schwab, 
1983). However, the limited resolution of seismic- 
reflection profiles inhibits the recognition of structure 
within Miocene and older strata. Seismic mapping 
reveals a pattern of time-transgressive deformation on 
the Yakataga shelf, with the oldest deformation in the 
northwest and progressively younger deformation to the 
southeast. Deformation appears to have occurred as a 
continuous transgressive process across the shelf and 
shelf margh, rather than as a series of independent 
tectonic events. Structural deformation along the outer, 
southeastern margin continues to the present, as is 
evidenced by uplifted and truncated strata at the 
seafloor. Numerous older anticlinal stfuctures to the 
northwest appear to have undergone one or more 
periods of structural reactivation. Structural deformation 
during the periods of reactivation was modest, however, 
compared to the initial structural developmeat. 

Structural shortening across the Yakataga fold-and-thrust 
belt is a consequence of relative convergence behveen 
the Pacific plate, the Yakutat terrane, and inland 
terranes of the North American plate. A measurement of 
structural shortening across the Yakataga segment 
provides an estimate of the extent and rate of 
convergence of the plate margin. The amount of 
shortening on horizon K4 (late Pliocene) on the central 
Yakataga shelf was calculated along several seismic 
profiles by restoring the strata to a horhntal position 
and removing apparent slip along thrust faults. From 
this restoration, it is estimated that 1 to 1.25 miles of 
structural shortening is attributable to folding, and 1 to 
1.75 miles of shortening is the result of thrust faulting. 
This is generally consistent with values derived by Brims 
(1985b) of 2 km (1.2 miles) of shortening due to folding 
and 4 km (2.5 miles) attributed to faulting. The 
inconsistency in calculated values for shortening due to 
overthrusting may be caused by dierent assumptions of 
dip values on thrust faults. Values calculated for 
shortening due to thrust faulting are minimum estimates, 
as substantial imbrication may exist along tbe fault 
planes at a scale not resolvable on available 
seismic-reflection data (Bnms and Schwab, 1983). 
Although the magnitude of structural shortening on the 
slope adjacent to the Yakataga shelf is difficult to 
-determine because of complex faulting and folding 
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within anticlinal deformed zones (figs. 13 and 27), it is 
estimated to be in excess of 2 milts. 

Base-ofSlope Structure 

The base of the continental slope adjacent to the 
Yakataga shelf is marked by an abrupt zone of late 
Pleistocene and recent anticlinal deformation (fig. 13, 
lines 922, 928). This zone, which includes Khitrov 
Ridge and the off-shelf extension of Pamplona Spur, is 
expressed at the seafloor as a linear bathymetric high. 
On the seaward side, this linear anticlinal zone is 
bounded by one or more landwarddipping thrust hults, 
and may be underlain by uplifted oceanic strata (Bnms, 
1985b). Seaward of the deformed zone, relatively 
undeformed abyssal fan eediiments overlie Paleogene 
oceanic basalt. 

Yakutat Segment 
The Yakutat block, that portion of the Yakutat terrane 
east of the Pamplona zone, is overlain by relatively 
undeformed strata that are absent the compressional 
folds and thrusts that characterize equivalent Cenozoic 
sediments within the Yakataga segment. !%dimentation 
on the Yakutat shelf reflects various types of strucRPal 
controls, including regional and local basement 
subsidence, uplift, paleotopography, and, to a lesser 
degree, faulting. Seaward of the shelf area, tectonic 
plate reorganization has juxtaposed Oligocene oceanic 
crust with the Mesozoic and younger rocks of the 
Yakutat block (Naugler and Wageman, 1973; Bnms, 
1982b). 

Shelf Structure 

Major structural features of the Yakutat segment of the 
shelf include: (1) the Dangerous River zone, a possible 
Paleogene shelf edge, (2) the Fairweather Ground 
uplift, an elongate structural high along the shelf margin 
southwest of Lituya Bay, (3) the "Fairweather Ground 
rift zone," adjacent to and north of the Fairweather 
Ground uplift, (4) the Yakutat fault zone, a narrow zone 
extending from east of Icy Bay south across the shelf, 
and characterized by numerous small discontinuous 
basement-controlled faults, and (5) two subbasii, 
herein referred to as the West Yakutat and East Yakutat 
subbasins, separated by the Dangerous River zone 
(fig. 28). 

The Dangerous River zone is identifiable on 
seismic-reflection profiles and structure contour maps 
by a rapid shallowing of acoustic basement fiom west to 

east and a change in structural trends (fig. 19). Across 
most of the shelf, the Dangerous River zwc is 
coincident with a Palwgene basement high, a 
northwest-southeast-trend'ing structural high separating 
the West Yakutat and East Yakutat subbasi (figs. 28 
and 29). Seismic profiles over the Mwgene basement 
high reveal that sequence III and basal q u e i m  11 strata 
are terminated by faulting and progressive onlap against 
this positive structural feature (fig. 29). Little, if any, 
stratal deformation is apparent adjacent to or above the 
Paleogene basement high, which suggests that the high 
was formed before deposition of sequence IU strata 
@re-Eocene?). This high was a positive structural 
element until late Eocene or early Oligoceae, when it 
was buried beneath sequence I1 sediments. 

The Dangerous River zone crosses the Fairweather 
Ground uplift and is truncated at the Yakutat shelf 
margin (fig. 28). In the vicinity of the Fairweather 
Ground uplift, the Dangerous River zone is not well 
defined. The Paleogene basement high to the north may 
have extended south to the shelf margin, but mbsequent 
uplift centered near Fairweather G d  d t e d  in 
erosion and loss of both Tertiary and upper pre-Tertiary 
section and structure. However, the southern extension 
of the Dangerous River zone has been recognized on tbe 
continental slope, where dredge samples indicate an 
abrupt lateral east-west transition h m  Yakutat Group 
metasediments to probable Paleogene basalt (PIafker 
and others, 1980; Plafker, 1987). 

The northwest extension of the Dangerow River m e  
appears to underlie the Colorado Oil and Gas Yakutat 
wells on the Yakutat foreland southeast of Yakutat Bay 
(Bnms, 1982b). Here, the Palwgene section is thin, 
typically less than 1,000 feet. In a distance of only 6 
mil-, Lha hlwgene section thickens &om 730 ft% 
onshore in the Yakutat No. 2 well to greater bin 
10,000 feet in the offshore basinward of the Dangerous 
River zone (plate 3A, line YT-2, NE end). Farther 
northeast, at the entrance of Yakutat Bay, the 
Dangerous River zone is expressed on seismic-reflection 
profiles by rapid shallowing of acoustic bascmcnt and 
truncation of Paleogene strata by erosion, faulting, and 
onlap (plate 3A, line YT-3, NE end). Uplift to the no& 
of and along the Dangerous River zone near Yakutat 
Bay prior to horizon Y 1 time (early Miocene?) appears 
to have resulted in landward termination of sequence II 
by onlap and erosion. Thinning of sequeace HI on the 
flank of the basement high suggests uplift may have 
been initiated during early Paleogene time. However, 
detailed structural interpretation in this area is difficult 
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because of poor acoustic response from the underlying 
sedimentary section. 

In summary, the Dangerous River zone appears to 
represent the eastern and northern shelf margin of a 
Paleogene basin (Bruns, 1982b, 1985b, this study). 
Infilling of this basin occurred largely, if not entirely, 
after the formation of the shelf-margin palmlope. 
Studies by Bayer and others (1978) and %&er and 
others (1980) utilizing seismic-reffaction and dredge 
data indicate that the Dangerous River zooe is a 
fundamental boundary between underlying Mesozoic 
continental crust to the east and oceanic basalt to the 
west. 

The Fairweather Ground uplift is centered roughly on 
the Fairweather Ground bathymetric high near the 
continental shelf margin south of Dry Bay and west of 
Cross Sound (fig. 28). Structural uplift along this 
segment of the margin has exposed sequence IV 
(acoustic basement) strata at the seafloor (plate 3B, 
lines 909, %7). Dredge data obtained by Plafker and 
others (1980) indicate that scoustic basement at 
Fairweather Ground is composed of pre-Tertiary 
metasediments, apparently genetically equivalent to 
rocks of the Yakutat Group exposed onshore. 

Seismic-reflection profiles over Fairweather Ground 
provide insight into the structural framework and the 
timing of the shelf-margin uplift (plate 3B, lines 909, 
967, and YT-5). Seismic sexperms III and I1 (early 
Eocene-middle Miocene) and lower sequence I (early 
Pliocene) have been uplifted, but do not thin over the 
high, thus predate formation of the stmcture. However, 
upper sequence I strata, from north to south, 
progressively onlap underlying strata, establishing the 
initiation of shelf-margin uplift as postearly Pliocene 
(plate 3B, lines 909, 911). The magnitude of late 
Cenozoic uplift along Fairweather Ground calculated by 
B m s  (1982b) is in excess of 2 km (6,500 feet). 

Along the northern margin of the Fairweather Ground 
uplift and immediately west of Dangerous River 
zone lies an elongate, block-hulted subbasin, the 
Fairweather Ground rift wne (figs. 28 and 30). 
Bounding faults and structural feaaKes within the wne 
are oriented northwest to southeast, parallel to the shelf 
margin. Strata within the rift are probably Eocene, 
based on seismic correlation to tbe OCS Y-0211 No. 1 
well. Strata dip northeast (fig. 30, line A-A'; plate 3B, 
line M), in part owing to pt-early Pliocene regional 
uplift at Fairweather Ground. Timing of fiulting within 
the rift sequence appears variable. Intra-rift faults 

appear to postdate lower rift sequence strata and, in 
some cases, the entire rift sequence. It is also possible 
that faults within the rift zone may have been reactivated 
during the Pliocene and Pleistocene in conjunction with 
uplift of Fairweather Ground. Based on structural style, 
timing, and stratigraphic relationship, the Fairweather 
Ground rift zone probably originated as a small rill 
basin during the early to middle Paleogene in response 
to local and/or regional extension normal to the present 
basin axis. 

The Yakutat fault zone t ravem the continental shelf 
from north to south, seaward of the Malaspina Glacier 
(fig. 28). This narrow zone is characterized by short, 
discontinuous, en echelon, basement-involved normal 
faults (fig. 19). In the southern half of the wne, fault 
offset is minimal, and appears to disrupt the basement 
horizon and, less commonly, lower sequence IH strata. 
Direction of offset is typically down to the east or 
northeast. Along the northern segment of the zone, 
faulting affects progressively younger strata (plate 3A, 
line YT-4, NE end), and displacement is down to the 
soutbest. Fault planes are steep, often 
approaching vertical, and in some instances b i h t e  
upward. Lateral offset along some of the hults is 
suspected due to variations in reflection characteristics 
and dip displacement. 

The linear distribution of en achelon hults across the 
shelf and the characteristics of faults at the northern 
margin of the zone are both indicative of 
wrench-controlled tectonics. The pa- of faulting 
observed on horizon Y3 (acoustic basement, fig. 19) is 
consistent with left-lateral coupling, in which the 
direction of coupling strikes north-south (Lowell, 1985). 
Based on this model, the discontinuou8, en echelon 
faults (fig. 19) represent synthetic, or Riedel, shears. 
The larger tectonic signifi- of the Yakutat fault 
zone is uncertain. It is plausible that the portion of the 
Yakutat terrane to the west of the fault uwre is moving 
northward slower than the adjacent eastern section, in 
which case the Yakutat fault wne may act as a 
transform boundary. This is consistent with the observed 
pattern of deformation in which hulting within the wne 
is more extensive and better developed along tbe 
northern, leading margin of the shelf. 

The East and West Yakutat subbasins are two Cenozoic 
depocenters located on either side of and separated by 
the Dangerous River zone (fig. 28). The East Yakutat 
subbasin contains up to 15,000 fe& of late Eocene and 
younger sediment overlying metamorphosed basemcnt 
rocks of the Yakutat Group. 'Lbe axis of depsition in 
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the basin is adjacent to, and parallel with, the coastline 
from Dry Bay to near Lituya Bay. The Icy Point-Lituya 
Bay fault, the northern extension of the western trace of 
the Fairweather-Queen Charlotte fault system, in part 
bounds the basin to the east. Strata within the basii thin 
to the south and west by onlap against the Paleogene 
basement high and Fa i rweak  Ground uplift. A late 
Neogene (Pliocene?) uplift is present near the mouth of 
Dangerous River (plate 3A, line YT-1, NE end), where 
acoustic basement rapidly shallows from 12,000 feet to 
less than 7,000 feet over a distance of 5 miles. The areal 
extent of the uplifi is unknown, but well data indicate 
that it extends onshore to the northwest as far as Yakutat. 

West of the Dangeraus River m e ,  the Wmt Yahtat 

subbasin contains up to 36,000 feet of Paleogene 
through Pleistocene strata. The sedimentary section 
thickens from southeast to northwest, and attains a 
maximum thickness south of Icy Bay (fig. 19). The 
basin is truncated to the south at the continental slope, 
and merges with strata of the Yakataga segment to the 
west along the Pamplona zone. Structure and isopach 
maps provide insight into the depositional and structural 
history of this basin (figs. 15, 17, 18, 19, end 20). The 
axis of Paleocene-Eocene deposition swings from south 
of Icy Bay southeastward across the shelf in a broad arc, 
endiig northwest of the terminus of the Fairweather 
Ground uplift (figs. 20 and 28). Paleogene strata thin by 
onlap and erosion over an apparent Paleogene high near 
the presentday shelf edge at the mouth of Yakutat 
Seavalley. hv ing  Oligocene-early Miocene time, local 
basement subsidence allowed the accumulation of 8,000 
feet of sediment in a structural low on the outer Yakutat 
shelf south of Yakutat Bay (fig. 28). The general pattern 
of deposition shifted by the beginning of the Neogene 
Period in response to regional tectonism, with increased 
accumulation of sediment in the northwest, adjacent to 
the folds and thrust faults of the Pamplona zoae. This 
depositional pattern continued through Pleisbcme time. 

Slope and BaseofSlope Structure 

Tertiary strata and Meso7.i~ basement rock b t h  the 
Yakutat shelf crop out at the seafloor along the length of 
the continental slope (plates 3A, 3B; Plafker and others, 
1980). West of the Yakutat hult zone, Tertiary strata 
extend seaward down the slope, apparently terminating 
at the Transition fault zone (plate 3A, line YT4, SW 
end). A progressive thickening of lower Tertiary 
sedimentary units downslope indicates a history of 
subsidence along this segment of the shelf margin. 
Between the Yakutat fault zone and the mouth of the 
Alsek Valley, the Tertiary shelf sequetlce is exposed on 

the slope and, where uplift has o c c d ,  on the outer 
shelf seafloor (plate 3A, lines YT-1 through YT-3, SW 
ends). In the vicinity of Fairweather Ground, where 
substantial Neogene and Pleistocene uplift has O C C ~ ,  

both seismic-reflection (plate 3B, lines 909, %7) and 
dredge data (F'lafker and others, 1980) reveal that the 
continental slope and outer shelf are underla'i primarily 
by metasediments of the Mesozoic Yakutat Group. 

The Transition fault, situated at the base of the slope, is 
a fundamental tectonic boundary. The fault separates the 
truncated Mesozoic and Paleogene basement rocks and 
overlying Tertiary strata of the Yakutat block from 
Oligocene oceanic crust of the Pacific plate to the south 
(fig. 28 mA plates 3A nnd 3B). The j~~xtapasition of 
dissimilar strata and the presence of slickensides on 
pre-Tertiary to late Oligocene rocks dredged from the 
contact zone (Plafker and others, 1980, Plafker, 1987) 
suggest large-scale displacement along the fault system. 
However, the timing and relative sew of displacement 
across the Transition fault remain unclear. 

Bmns (198%) suggested that the Transition fault has not 
been active as either a transform or subduction boundary 
since at least Miocene time based on the following 
observations: (1) undeformed Pliocene and Quaternary 
strata overlie the fault at several locations, (2) a 
sedimentary fan seaward of, and apparently soutcsd 
from, the Yakutat Valley does not appear to be offset 
(fig. 21), (3) evidence of an accretionary wedge is 
absent, (4) seismic reflections representing oceanic crust 
cannot be traced landward past the frtult wne, as is 
characteristic of many subduction zones, and (5) base- 
of-slope sediments of Pliocene and Quaternary age 
appear to be in place. 

Alternatively, Plafker and others (1978b), Perez and 
Jacob (1980), and Plaker (1987) proposed that dextral 
oblique slip has occurred on the Transition fault system 
during the last 5 million ;ears. Evidence to support this 
conclusion includes the following: (1) the orientation of 
folds and probable thnrst faults in late Quatenmy strata 
southwest of Fairweather Ground reflect oblique 
compression (fig. 28), (2) in the vicinity of Yakobi 
Valley, focal-mechanism solutions for selected 
earthquakes occurring along the fault trace indicate 
northwarddirected thrusting (Page, 1975; Perez and 
Jacob, 1980), (3) sheared late Pliocene 0) to Holocene 
strata are present along the shelf margin, and 
(4) orientation of the Transition fault system relative to 
present-day Pacific plate motion suggests, and is 
compatible with, a model of dextral oblique slip. The 
magnitude of oblique convergence at the Transition hult 
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zone is estimated from relative plate motions and Holocene offset along the onshore segment of the 
observed seismicity to be about 0.4 c d y r  (TAU and Fairweather fault (Plaker and ofhers, 1978b), and 
Plaker, 1980; Plafker and Jacob, 1986). surface and subsurface fault expression on offihore 

seismic-reflection and bathymetric data (von Huene and 
Seaward of the Transition fault, a sedimentary section others, 1979; Atwood and others, 1981; Carlson and 
up to 20,000 feet thick overlies oceanic W t  in an others, 1985; and this study). 
elongate asymmetric trough adjacent to the base of the 
continental slope (figs. 21 and 28). This section is Fairweather-Queen Charlotte Fault System 
thickest near the base of the slope and &ins rapidly 
seaward. Shor (1965) describes the deeper part of this 
trough as a filled trench comparable in depth to the 
modem-day Aleutian Trench. Based on correlatian of 
seismic horiwns to DSDP hole 178 near Kodiak Island 
(von Huene and others, 1979; Bnms and Pla&er, 1982; 
Bnmq, I%-%), the lnwer half nf stratigraphic 

section is pre-Pliocene and the upper seqmce Pliocene 
to Quaternary. The maximum age of the 6ll is 
probably middle to late Oligocene, based on the age of 
nearby ocean-floor magnetic anomalies (Naugler and 
Wageman, 1973). 

Strata along the base of the continental slope are 
undeformed except near the slope and rise adjacent to 
Fairweather Ground, where a seriea of probable thrust 
faults and related folds trend obliquely to the shelf 
margin (pIate 3B, lines 909, %7, SW end, figs. 21 and 
28) (Bruns, 1982b, 1983a; Plafker, 1987). Deformation 
of abyssal strata may be related to Pliocene and 
Quaternary uplift centered on Frirweather Ground 
(Bruns, 1982b) andlor to oblique convergence across 
this section of the Transition fault (Pla&er, 1987). 
Bathymetric data (Atwood and others, 1981) suggest 
that substantial growth has occurred on the youngest 
structures during Quatemary time. Additional features 
present at the base of the continental slope include two 
Pliocene to Quaternary sedimentary fans located 
seaward of the mouths of Alsek and Yakutat Seavalleys 
(fig. 21) (Atwood and others, 1981; Bnms, 1985b) that 
are composed of up to 9,000 feet of mounded strata. 

Southeast Segment 
The southeast Alaska margin is dominated by strike-slip 
tectonism associated with the Fairweatber+een 
Charlotte fault system. The Fairweather+een 
Charlotte fault system separates tbe Mesowic and 
Paleozoic continental basement rocks of the North 
American plate from the adjacent Miocene oceanic crust 
of the Pacific plate (Plafker and others, 1978b), and 
appears to be currently accommodating the displacement 
generated by relative motion between the plates. This is 
supported by observed seismicity (Page, 1%9; 1975), 

The Fairweather-Queen Charlotte fault system as 

discussed herein follows the definition and usage of 
Carlson and others (1985) and Bnms and Carlson 
(1987). It includes, from northwest to soukast, (1) the 
onshore Fairweather fault, (2) the Icy Point-Lituya Bay 
fault, a proposed reverse fault adjacent to the coastline 
northwest of Icy Point, and (3) the southemtward 
extension of these faults, a sub-padel pattern across 
the outer shelf and upper slope of the southeast Alaska 
margin that eventually merges and m t s  with rhe 
Queen Charlotte fault offshore of British Columbia 
(fig. 31). 

Onshore, the Fairweather fault is dew by o f k t  
geomorphic features and, commonly, by a prominent 
liiear trench that reflect a late Quaternary history of 
right-lateral strike-slip (Plafker and others, 1978b). The 
Fairweather fault can be traced offihore onto the shelf 
near the Yakobi Valley, where it appears to align with 
the eastern set of two relatively continuous, subparallel 
sets of fault traces that extend south-southeast across the 
shelf and upper slope of the southeast Alaska continental 
margin (fig. 31). The two sub-padel sets of fault 
traces appear to merge on the upper continental slope 
south of Chatham Strait and west of Prince of Wales 
Island. The western set of tram is better d e w ,  more 
continuous, and exhibits evidence for accommodating 
the majority of the fault system activity. Seafloor scarps 
and offsets of shallow seismic reflections @late 4, liaes 
SE-3 through SE-6) indicate Holocene displacement 
along the western trace. 

The eastern fault trace is complex. The dominant traces 
are sinuous, often bihrcating and converging, and 
locally are illdefined. The eastern set may connect with 
the onshore Fairweather fault (Carlson and dbers, 
1985), although the paucity of seafloor scarpe and 
near-surface faults suggests less Holocene activity on 
this sub-system. 

South of Chatham Strait, the merged fault sets extend as 
a continuous, well-defined system along the upper 
continental slope (fig. 31 and plate 4, lines SE-1 
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through SE-2), eventually merging with the Queen slope-rise transition zone (fig. 32). Exact sediment 
Charlotte fault west of Dixon Entrance. thicknesses beneath the slope are difficult to determine 

because acoustic basement is masked by water-botbm 
Shelf Structure multiples and, less commonly, by diffractions associated 

The southeast Alaska continental shelf is 15 to 20 miles 
wide between Cross Sound and the southern tip of 
Baranof Island, and increases to 30 miles or more in 
width between Chatham Strait and Dixon Entrance. The 
topography is relatively flat along the northwestern 
segment, from Cross Sound to Chatham Strait, and is 
disrupted only in a few places by low-relief fault scarps 
associated with the active Fairweather-Queen Charlotte 
transverse fault system (plate 4, lhw SE-4,5, and 6). 
Sediment thickness varies from a thin veneer on the 
shoreward pordon of the shelf, to approximately 
7,000 feet in the narrow, transverse-fault-bounded, 
asymmetric subbasins situated along the outer shelf 
(fig. 22). T h w  subbasins are areally limited and 
typically offset or deformed by secondary transverse 
faulting. Relict transverse faults that do not offset 
Holoccnc rcflcctions are evidcut ou sciuruic-~~flcx;liuu 
data shoreward of the active Fainveather-Queen 
Charlotte fault traces (plate 4, line SE-4). None of the 
fault-bounded subbasins extend seaward of the western 
trace of the Fairweather-Queen Charlotte fault system. 

The continental shelf between Cbatham Strait and Dixm 
Entrance is a relatively h o h t a l  platform mantled by a 
thin cover of Pleistocene(?) and Holocene d i n t s  that 
is offset by numerous fault scarps (fig. 31). 'Ihe 

Southeast Alaska subbasin underlies the shelf west of 
Price of Wales Island and contains up to 20,000 feet of 
Tertiary(?) and Quaternary strata (plate 4, line SE-2). 
Two relict wrench zones b i t  the lower sequence of 
Tertiary(?) strata in the central part of the subbasii. 
South of the .%uthe~at Alnska s~lhhnsin and west of Dall 

Island and Dixon Entrance, the shelf platform is 
underlain by numerous isolated, elongate, asymmetrical 
subbasins, all bounded to the west by northwest- 
southeast-trending transverse faults (fig. 22; plate 4, line 
SE-1). The maximum sediment thickness in these 
smaller wrench-related subbasii rarely exceeds 8.000 
feet. The presence of seafloor Lult scarps and offset 
Holocene reflections indicates recent activity along 
transverse faults in the vicinity of Dall Island and Dixon 
Entrance. 

Slope Structure 

Multichannel seismic-reflection profiles across the 
continental slope of southeast Alaska reveal sediment 
thicknesses varying from less than 6,000 feet along the 
upper slope, to 14,000 feet or greater along the 

with near-surface faults. Studies by von Huene and 
others (1979) utilizing seismic-refraction data and 
gravity modeling predicted more than 30,000 feet of 
sediment infilling an oceanic crustal flexure beneath the 
slope adjacent to Dixon Entrance. Suheqmt studies by 
Snavely and others (1981) employing multichannel 
seismic-reflection and sonobuoy methods were unable to 
confirm the existence of this basement trough. 

The continental slope between Dixon Entrance and Sitka 
Sound is structurally deformed along two linear zones 
(figs. 3 1 and 32). Strata within these zones are buckled 
into broad, en echelon, fault-bounded folds, with tbe 
magnitude of deformation d i s h i n g  from south to 
north. Folds and faults in the western, outer structural 
zone appear to disrupt n e a r 4 8 c e  strata, suggesting a 
Quaternary age of deformation (Bnms, 198%; Bnms 
and Carlson, 1987). To the east, folded and faulted 
strata in the inner zone are overlain locally by as much 
as 1,500 feet of relatively und'iturbed section, 
suggesting an earlier period of deformation, possibly in 
Pliocene or early Pleistocene time (Bm, 1985b, Bnms 
and Carlson, 1987). Locally (fig. 32, line %I), 
deformed strata of the inner zone breached the seafloor 
and trapped Pleistocene(?) sediments between the two 
structural zones and, to a lesser degree, shelfward of the 
inner zone. The en echelon pattern of folding and 
faulting reflected in the inner and outer structural m e s  
suggests deformation in a strike-slip tectonic regime, 
possibly developed along splays of the 
Fairweather-Queen Charlotte wrench-fault system (von 
Huene and others, 1979; Snavely and others, 1981; 
Bruns, 1985b; Bruns and Carlson, 1987). 

North of Sitka Sound, strata beneath the continental 
slope appear relatively undeformed (fig. 32, lines 959, 
961). Minor faulting may be present deep within the 
section @re-Pliocene?) (Bruns, 1985b), but interference 
by the water-bottom multiple precludes a definitive 
interpretation of the lower portion of the 
seismic-reflection profiles. 

Continental Rise 

A wedge of mid-Miocene and younger strata thickens to 
the east beneath the continental rise seaward of the 
Southeast Alaska shelf margin. Between Dixon Entrance 
and Sitka Sound, relatively undeformed rise strata 
terminate abruptly against the outex structural zone at 
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Figure 31. Structural elements of the southeast Alaska continental margin, includimg the Fairweather- 
Charlotte fault system, secondary associated faults, inner and outer structural zones, and the Southeast Alaska 
subbasin. 

Structural Gedogy, 59 



I I (, 1 
Figure 32. Simplified line representations of selected portions of multichannel seismic-reflection profiles across the southeast Alaska contined 
margin depicting the layered nature of the strata and the location and orientation of dombad structural zones and the Paim&r-Quccn Charlotte 
fault system. The line drawings and interpretation are adapted from Bnms and others (1984), Brims (1985b), and Bruns and C a r h  (1987). 
The water bottom multiple is indicated by WBM. 



the base of tbe continental slope (fig. 32, line 951, SW 
end). North of Sitka Sound, reflections appear to grade 
laterally into strata of the lower slope (fig. 32, line 
959). The maximum thiclmess of rise s e d i i t s  
adjacent to the base of the slope is difficult to discern 

from seismic-reflection data because acoustic basement 
reflections are obscured by the water-bottom multiple. 
However, west of Kruzof Island the Bediment thickness 
appears to exceed 14,000 feet. 
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5. Lithostratigraphy 

Introduction 
The Cenozoic stratigraphic section on the Gulf of Alaska 
continental margin consists of marine and nomarine 
clastics with a maximum thickness that exceeds 
36,000 feet. All of the Tertiary and Quaternary epochs 
are represented by strata within the region (fig. 33). 
Three major subdivisions that are present in Cenozoic 
onshore outcrops can be correlated with three offshore 
seismic sequences: 

(1) An upper Tertiary and Quaternary stratigraphic 
sequence of glaciomarine and marine clastic sediment 
of middle(?) to late Miocene, Pliocene, and 
Pleistocene age that reflects both the qhft  and the 
glaciation of the Chugach and St. Etias Mountains. 
The tectonism resulted from the collision and partial 
underthrusting of the Yakutat terrane with the North 
American plate. This sequence is represented by the 
Yakataga and Redwood Formations (fig. 33). 

(2) A middle Tertiary stratigraphic sequence of late 
Eocene, Oligocene, and middle to late Miocene 
transgressive-marine clastic sediments. On the 
Yakutat terrane, the sequence is represented by the 
deep-marine glauconitic shales and siltstones of the 
Poul Creek Formation; and on the very eastern part 
of the terrane by the shallow-marine Topsy 
Formation and Cenotaph Volcanics (fig. 33). On the 
Prince William terrane, this sequence is represented 
by deep-marine siltstone and sbale equivalents of the 
Sitkinak(?) Formation. 

(3) A lower Tertiary sequence of nonmarine to 
deep-water marine strata of late Pal-), 
Eocene, and early Oligocenm) age. The smdslones, 
siltstones, shales, and coals of this sequence exhibit a 
generally regressive lithofacies pattern and represent 
deltaic, prodeltaic, and basinal sediments of a 
progradational depositional system. On the Yakutat 
terrane, the sequence includes the Tokun, Kulthieth, 
Stillwater, and Haydon Peak Formations, and an 
informal siltstone unit referred to by Pla&er (1987, 
p. 244) as "the siltstone of Oily Lake," hereafter 
referred to as the Oily Lake siltstone in this report. 

On the Priice William terrane, this sequence is 
represented by fore-arc, deep-marioe and trench-fill 
clastics of the Sitkalidak Formation. 

The upper Tertiary and Quaternary sequence forms an 
overlap sequence that depositionally crosses both the 
Yakutat and Prince William terranes. The mineralogy of 
the Neogene sediments demonstrates a nearby 
provenance in the adjacent Chugach and St. Elias 
Mountains (Plafker and Addicott, 1976) and indicates 
that sedimentation occurred after docking of the Yakutat 
terrane. Neogene depocenters on the Yakutat terrane lie 
slightly offshore and subparallel to the modern coastline, 
and the Nwgene section thins toward the Transition 
fault, which marks the seaward edge of the basii 
(plate 5). The distribution of Neogene sediment on the 
Priice William terrane is complex and has been more 
strongly controlled by tectonic deformation than on the 
Yakutat terrane. 

The principal accumulation of Paleogene strata (lower 
and middle Tertiary sequences) along the Gulf of Alaska 
is on the Yakutat terrane. On the Prince William 
terrane, much of the Paleogene section is complexly 
deformed and has undergone low-grade metamorphism. 
Palwntologic, palwmagnetic, and petrologic data from 
Paleogene sediment and basaltic basement of the Yakutat 
terrane suggest that deposition occurred hundreds of 
miles to the southeast, when the terrane was adjacent to 
uplifted sediment sources in the crystalline complex of 
the Coast Mountains in British Columbia and 
southeastern Alaska (Hollister, 1979; Plafker and others, 
1980; Chisholm, 1985; Van Alstine and others, 1985; 
Davis and Plafker, 1986; Plaffrer, 1987). The main 
Paleogene sedimentary basin is on the western segment 
of the Yakutat terrane that is floored by Edene oceanic 
basalts. Paleogene strata thin or wedge-out across the 
Dangerous River zone onto the eastern continental 
segment of the Yakutat terrane, which is floored by the 
low-grade metasediments of Jurassic(?) and Cretaceous 
age of the Yakutat Group (fig. 34a, b). 
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Flgure 33. Generalized litlmtratigraphic chart of the Yakutat terranc on tbe Gulf of Alaska margin betwcun the Katalla and Lituya Bay 
areas (modified from Plafkcr, 1987, and the Correlation of Stratipqhic Units of North Ammica-Southern Alaska Region Correlation 
Chart, S c M  and Gilbert, 1987). 



Upper Tertiary and Quaternary 
Sequence 

Yakataga Formation 

The Yakataga Formation (Taliaferro, 1932) is a glacially 
influenced marine clastic sedimentary sequence of 
middle(?) Miocene to Holocene age (fig. 33) that may 
reach a thickness of over 16,000 feet (Plafker and 
Addicott, 1976). The Yakataga Formation represents 
one of the longest and most complete sedimentary 
records of late Cenozoic glaciation in the world (Plafker 
and Addicott, 1976). The Yakataga Formation is 
exposed along the Gulf of Alaska coast from Kayak 
Island to Cross Sound and outcrops offshore ~s fju west 

as Middleton Island (plate 5). Principal exposures of the 
Yakataga Formation are in the Yakataga and western 
Malaspina districts (figs. 34a and 34b). The Yakataga 
Formation floors most of the Gulf of Alaska continental 
shelf on the Yakutat and eastern Prince W i a m  
terranes All of  the offshore eyplomtory wells in tIm 

Gulf of Alaska encountered the Yakataga Formation and 
6 of the 13 wells drilled entirely through the formation 
into the underlying Poul Creek Formation or equivalent 
rocks (plate 6). 

The Yakataga Formation rests either conformably or 
disconformably on the Poul Creek Formation westward 
from Yakataga Reef on the mainland and west of the 
Dangerous River zone in most offshore wells (figs. 34a 
and 34b, plate 6). Along the flanks and crest of the 
Dangerous River zone structural high in the Malaspina 
and Yakutat districts, the Yakataga Formation 
discordantly overlaps the Poul Creek and Kulthieth 
Formations and the Cretaceous metasediitary rocks 
of the Yakutat Group (Plafker and Addicott, 1976). East 
of the Dangerous River zone in the Yakutat and Lituya 
districts, the Yakataga Formation apparently 
disconformably overlies the Topsy and Cenotaph 
Formations and unconformably overlies the Yakutat 
Group. 

Yakataga Formation sediments were mainly eroded and 
transported by glaciers that flowed from the 
metamorphic and igneous t e m e s  of the Chugach and 
St. Elias Mountains. Striated boulder pavements in 
Yakataga exposures on Middleton Island near the edge 
of the continental shelf indicate that glacial ice extended 
far offshore (Eyles, 1988). Sediment depocenters 

trended along an axis that lies slightly offshore and 
generally parallel to the present coastline (plate 5). 
Sedimentation rates were high: average rates for the 

entire formation calculated from onshore and offshore 
wells are generally 2 to 3 feet (0.6 to 3.0 meters) per 
1,000 years, and sedimentation rates during glacial 
periods were doubtless even higher than these overall 
formation averages. Holocene sedimentation rates 
adjacent to the Malaspina Glacier, for example, are 
16 millimeterslyear, or equivalent to 16 meters (52 feet) 
per 1,000 years (MoInia, 1983b). F5Q-six paleocurrent 
measurements from Yakataga sandstone cross-beds 
between Icy Bay and the Bering Glacier yielded a 
northwesterly trend and suggest that sedimentation has 
been controlled by the counterclockwise flow of the 
Alaskan Gyral marine current system since the late 
Miocene (Lyle and Palmer, 1976). 

The Yakataga Formation consists of both marine and 
glaciomarine clastic sediments. The glaciomarine 
lithofacies that characterize the Yakataga Formation 
include tillite-like diamictite (conglomeratic sandy 
mudstone) and laminated marine siltstones and 
mudstones that contain accessmy floating sand grains 
and striated and faceted pebble-to-boulder dropstones 
indicative of ice-rafting (Plafker and Addicott, 1976). 
Nonglacial lithofacies represent shallow-shelf to deeper 
marine turbidite deposits and include mudsbms3, 
siltstones, and sandstones that are tabular, thinly to 
thickly bedded, moderately to well sorted, and 
frequently bioturbated (Lyle and Palmer, 1976; 
Armentrout, 1983b; Zellers, 1990). Nonmarine glacial 
till and glaciofluvial sandstone and conglomerate are 
locally abundant in the younger, upper part of the 
section, but represent a minor component of the 
formation overall (Armentrout, 1983b). 

Armentrout (1983b) subdivided the Yakataga Formation 
(fig. 35) into a predominantly glaciomarine upper 
section and a lower section of alternating marine and 
glaciomarine strata that presumably represent glacial and 
interglacial periods. He correlated the bout&uy between 
the upper and lower Yakataga sections with the climatic 
deterioration that began near the middle of the Pliocene. 
Continental glaciation began over vast areas of the 
northern hemisphere just after the beginning of the late 
Pliocene (Poore, 1979; Shackleton and others, 1% 
Raymo and others, 1986; E i n  and Albertssoa, 
1988). The boundary separating the upper and lower 
sections of the Yakataga Formation was generally 
difficult to defiae using wireline logs and drill cuttings 
from offshore wells. Because of this, the Yakataga 
Formation was subdivided in this report at the late-early 
Pliocene boundary (plate 6) on the basis of 
biostratigtaphic data. 
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Figure 34a. Diagrammatic stratigraphic section of the northern Gulf of Alaska coastal margin. The lithologic pattern and contacts are as in figure 33. 
Numbered locations of measured autcrop sections (columns) and exg~loratory wells (lines) are shown on figure 34b. Vertical exaggeration is 
approximately 17. (Modified from Pla&ar and others, 1978a.3 
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Figure 34b. Generalized geologic map of the northern Gulf of Alaska continental margin showing locations of stratigraphic control points in figurc 34a. 
Primary data sources: Katalla district, Miller (1975), W i e r  and Pla&er (1981); Yakataga district, Mier (1957, 1971); Ualaspina district, M e r  and 
Miller (1957), Plafbr (1987), Rodgers (1987); Yakutat district, Rau and others (1983); Lituya district, Plaflter (1987); all districts, Plafker and others 
(1978a), Rau and others (1983). 



The upper section of the Yakataga Formation (late 
Pliocene, Pleistocene, and Holocene age) is 
characterized by glaciomarine s e d i i t  that infills 
fiord-like megacbannels (fig. 36) that incise underlying 
Yakataga strata (Armentrout, 1983b). The 
megachannels are 160 to 1,600 feet deep with 
maximum widths of about 10,000 feet, and have 
steep-walled margins that are sometimes grooved and 
striated (Armentrout 1983b). These glacial 
megacbannels are manifested on offshore seismic 
profiles by U-shaped features in the upper Yakataga 
Formation (fig. 16). Striated boulder pavements and 
glaciomarine channel-fill sediments from early 
Pleistocene exposures on Middleton Island near the edge 
of the continental shelf also ind'lcate that glacial ice 
extended far offshore (fig. 37) (Eyles, 1987, 1988). 
Upper Yakataga strata attain thicknewm in excess of 
10,000 feet in the offshore @late 6).  

The lower section of the Yakataga Formation is 
middle(?) to late Miocene, early Pliocene, and earliest 
late Pliocene in age. The lower Yakataga Formation 
contains a smaller percentage of glaciomarine lithofacies 
than the upper section, although the base of the 
Yakataga Formation is defined by the first appearance of 
glaciomarine lithofacies (Plafker and Addiwtt, 1976). 
For example, along Icy Bay, the exposed Yakataga 
Formation (mid to late Pliocene) contains a lower 
section that was deposited under normal marine 
conditions with little or no glaciomarine influence 
(Zellers, 1990). In exposum at Mmday Peak west of 
Icy Bay, Armentrout (1983b) identified three interglacial 
normal-marine intervals that alternate with four thinner 
glaciomarine intervals (fig. 35). 

Geographically, variable amounts of the lower Yakataga 
Formation are thin or missing, probably as a result of an 
intrafonnational uncmnformity or unconformities. 
Onshore in the Yakataga and Malaspina districts, 

angular discontinuities between folded and 
ch&nelled Yakataga strata indicate 
contemporaneous structural growth and erosion 
in the Pliocene (Plafker and Addicott, 1976; 
Armentrout, 1983b). Offshore, the lower 
Yakataga Formation is over 5,000 feet thick in 
the Texaco OCS Y m 2  No. 1 well, but thins 
westward to less than 100 feet in the Exxon OCS 
Y4080 No. 1 well (plate 6; L a W ,  1981). 
Offshore seismic linea also show that lower 
Yakataga strata thin or wedge out in this area. It 
is highly probable that the Yakataga Formation 
experienced numerous large shifts in sediment 
progradation, stdimentation rates, and 
paleobathymetry, given the active tectonics of the 
region and the wide fluctuations in sea level and 
crustal downwarping fnrm ice londing that 

accompany glacial advances and retreats. 

The maximum agc of thc basal Yakataga 
Formation is of special stratigraphic interest 

Figure 35. Composite stratigraphic section of the 
Yakataga Formation at Munday Peak, R o b ' i  
Mountains. Rock types include shale (dash), 
siltstone (dash-dot), and sandstone (dot). Circular 
blocks are clasts floating in a finer grained 
matrix. Intervals of glacially influenced deposits 
are noted by diagonally ruled column to the left 
of the measured section. Water depth is based on 
benthic foraminifera1 paleoeixlogy (fig. 56). 
Depositional environments inte'pieted fiom 
lithofacies and biofacies (modified fmm 
Armentrout, 1983a, fig. 4). 
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Figure 36. Diagram of a glaciomarine fiord-like megachamel m outcropa of upper Yakataga Formation strata 
near Munday Peak. Ribbon sandstone consists of thin, rippled W beds interbedded with marine 
siltstones. Rhythmites consist of rhythmically interbedded mudstone and thin, gravity-flow sandstone (after 
Armentrout, 1983b, fig. 21). 

because it marks the inception of coastal piedmont 
glaciation along the Gulf of Alaska. The glaciation 
recorded by the Yakataga Formation is generally 
attributed to orogenic uplift and increased precipitation 
resulting from the collision of the Yakutat terrane with 
the North American plate (von Huene and Kulm, 1973; 
Plafker and Addicott, 1976; Platker, 1987; Eylea and 
others, 1988; Eyles and Lagoe, 1989). Uplift associated 
with the collision probably began in the late Oligocene, 
as attested to by volcanism in tbe Wrangell Mountains 
that began about 26 Ma (Richter and others, 1990). 
Plafker (1987) suggests that after oollision along the 
leading western edge of the Yakutat terrane, uplift 
spread progressively eastward, so that the basal 
Yakataga Formation becomes progressively younger to 
the east. 

The maximum age of the Yakataga Formation is 
controversial and is interpreted to be as old as late 
Oligocene(?) and early Miocene (Plafker, 1987; 
Marincovich, 1990) to as young as late Miocene 
(Armentrout, 1983b; Lagoe, 1983; Lagoe and Eylea, 
1988; Eyles and others, 1988). The older (late 
Oligocene to early Miocene) dates are based mainly on 
the biostratigraphy of mollusks and benthic foraminifera 

(Allison, 1978; Addicott and others, 1!V& Arley, 1978; 
Rau and others, 1983; Marincovich, 1990), whereas the 
younger, late Miocene dates are based mainly on the 
biostratigraphy of planktonic foraminifera and 
radiometric dites from glaumite (Armenhut and 
others, 1978; Armentrout, 1983b; Lagoe, 1983). 

The oldest rocks that have been included in the Yalcataga 
Formation are at Kayak Island (Plafker, 1974, 1987). 
The section included in the Yakataga Formation there is 
dated by mollusks as early as middle Miocene m age 
(Marincovich, 1990). addition, a crosscutting k i t e  
intrusion radiometrically dated at 6.2 Ma establishes a 
minimum late Miocene age for this Kayak Island locality 
(Plafker, 1987). However, the lower 500 feet of this 
section is nonglacial in origin and was deposited prior to 
the first appearance of the glaciomarine lithofacie-s that 
are interpreted as middle Miocene (Marinoovich, 1990). 
The early Miocene nonglacial lithofaciea reflects uplift 
resulting from the docking of the Yakutat terrane, but 
predates the initial Nwgene glaciation. These early 
Miocene nonglacial rocks are correlative with nearby 
exposures of equivalent nonglacial marine rocks of the 
Redwood Formation in the Katalla area rather than the 
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Figure 37. Block diagram showing depositional modes of glaciomarine sedimentation of the Yakataga Formation 
(modified from Eyles, 1987, fig. 15). 

glaciomarine Yakataga Formation (see discussion of 
Redwood Formation). 

The age data from the glaciomarine lifhohies of the 
Yakataga Formation on Kayak Island indicate that 
glaciation began earlier than 6.2 Ma (late Miocene), but 
no earlier than 15-16 Ma (early middle Miocene) 
(Marincovich, 1990). However, the early middle 
Miocene date is based on molluscan biostdgraphy, 
which is generally held to be leas reliable than that based 
on planktonic foraminifera; no planktonic foraminifera 
older than late Miocene are known from Yakataga 
glaciomatine rocks (see chapter 6). Fkhrmore, as 
noted by Armentrout (1983b) and Marincovich (1990), 
the early middle Miocene coincides with a global peak 

in Neogene climatic warming (Wolfe and Poore, 1982; 
Haq, 1982). This setms an unlikely time for the onset of 
glaciation in temperate latitudes, and we suspect that the 
initial glaciation occurred after this time. 

Paleoceanographic oxygen-isotope shdies (fig. 38) 
indicate that shortly after the early middle Miocene 
warming event, one of the most abrupt episodes of 
global climatic cooling in all of the Cem,wic occurred at 
about 14 to 15 Ma (Woodruff aad others, 1981; Miller 
and Fairbanks, 1985; Miller and others, 1987). In the 
temperate latitudes of southern Alaska, glaciation would 
likely have occurred after establishment of the climatic 
effects of this middle Miocene cooling episode. This 
assumption is consisteat with the planktonic 
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biostratigraphy of the Yakataga Formation as well as 
maximum agm of isolated stratigraphic ~ ~ ~ w r e m e s  of 
Neogene glacial or periglacial deposits in other areas of 
southern Alaska. None of these other glacial deposits 
appear to be older than late Miocene. Diamictite 
outcrops on the northeastern flank of the WrangellSt. 
Elias Mountains contain glacially fkceted and striated 
clash (Denton and Armstrong, 1%9; Eylea and Eyles, 
1989). The diamictites are mterbedded with volcanic 
flows that have been radiometrically dated from 2.7 to 
10.2 Ma @enton and Armstrong, 1969). Along the 
eastern flank of upper Cook Inlet, tillites have been 
identified in exploratory wells in the late Miocene 
Beluga and late Miocene to Pliocene Sterling F o n u a k  
(Boss and others, 1976). 

This evidence suggests that the ooset of glaciation and 
subsequent deposition of the gtaciomarb Yekataga 
Formation in the Gulf of Alaska began considerably 
later than the docking of the Yakutat t e m  with the 
North American plate in the late Oligocene (26 Ma). 

The conditions necessary to establish i e g i d  glaciation 
apparently included not only mountainous uplift, but 
also global climate cooling in the middle Miocene. 

In summary, the glaciomarine deposits of the bnsal 
Yakataga Formation are older than 6 Ma (lateat 
Miocene) and younger than 15 to 16 Ma (early middle 
Miocene). Evidence from s u r d i g  regions of the 
Gulf of Alaska suggests that these glaciomarine deposits 
are probably at least as old as the midd1~-late Miocene 
boundary (10.4 Ma). 

Redwood Fotmation 

The Redwood Formation (Taliaferro, 1932) outcrops in 
the Katalla area @la& 5), whcrc it consists of as much 
as 4,500 feet of marine ccmglomerate, sandstone, 
siltstone, and mudstone (fig. 39). The formation is 
named for the noted British petroleum geologist Su 
Boverton Redwood, who also worked in the area in 
1903. The Redwood Formation is described by Milier 

Figure 38. Cenozoic paleo- 
climate as indicated by composite 
global deep-sea oxygen isotope 
records (modified from Miller and 
Fairbanks, 1985; Miller and others, 
1987). During colder glacial 
periods, the light isotope oxygen-16 
(160) is preferentially evaporated 
from the oceans and concentrated in 
glacial ice, whereas the ocean water 
is relatively enriched in the heavier 
isotope 180. The r e l a p  .hod.oc 
of "0 (expressed as 8 '0) in 
CaCOj of benthic foraminifera tests 
is an indicator of polar ice buildup, 
pa~tcmpcraturc, and sca h l .  
8' 0 values greater than 1.8 par@ 
per thousand (460) provide e v i b  
for significant ice sheets (Mjller and 
others, 1987), and weat that 
major polar icecaps in the Cenozoic 
have persisted sinca about 15 Ma in 
the middle Miocene. It is probable 
that glaciation in the Gulf of Alaska 
data from or subsequent to this time. 



Top not exposed 

220' Dark-grey shale and sandy shale 

LITHOLOGIC SYMBOLS 
FOR COLUMNAR SECTION I 

- - .- . - - . . - - - - - -  
Conglomerate with massive dark-gray shale 1~7 - - - .--.- - - 1 40 matrix 

- - - - - -  
Dark-gray sandy shale with scattered thin Shale -------- - -. 180' beds of sandstone 

. - . .  - - - - 
Dark-gray massive shale 
Conglomerate with sandstone and shale matrix 
Coarse- to medium-grained, light-gray 
sandstone 

Conglomerate with thin beds of sandstone, 
shale, and sandy shale; most of the 
conglomerate has shale or sandy shale 
matr ix 

Dork-grny mossive sha le  wi th  t h in  beds of 
sandstone and sandy shale 

Banded sandstone interbedded with shale 

Gray to dark-gray massive and sandy 
shale with occasional beds of sandstone 

Sandy Shale 
or Sandstone 
interbedded 
with Shale 

Conglomerate 

Conglomerate with dark-gray sandstone; 
3801 conglomerate near base has sandy shale 

matrix 

Gray shale and sandy shale with beds 
200' of light- to dark-gray, fine-grained 

and shaly sandstone 
Light to dark-arov. fine- to medium- 

Piin 39. Stratigraphic column of the Redwood Formation iu the Katalla district (after hWlsr, 1975). 
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(1975) as wnsisting of a basal 400- to 500-foot-thick 
unit of thick-bedded, fine- to medium-gmined, marine 
sandstone with subordinate siltstone interbeds, and an 
upper 3,700-foot-thick unit of interbedded siltstme, 
mudstone, conglomerate, and sandstone (fig. 39) that 
was deposited in neritic to hthyal depths. The top of the 
Redwood Formation is not exposed; the lower contact 
with the Poul Creek Formation varies from sharp to 
gradational and is apparently conformable. 

The Redwood Formation has yielded a sparse, poorly 
preserved molluscan fauna that suggests an age of late 
Oligocene(?) to Miocene, and a sparse foramhiferal 
assemblage from the upper third of the finmation that - - 

suggests a Inte Miocene to Plinr~me age (Miller, 1975; 
Addicott and others, 1978; Rau and others, 1983). 
Redwood strata appear to be laterally equivalent to 
upper Poul Creek strata and lower Yakataga strata, and 
may represent a bansitional rock unit between the deep 
marine Poul Creek Formation and the glaciomarine 
Yakataga Formation. 

The conglomeratic marine dimeats of the Redwood 
Formation range from clast-supportad conglomerate to 
conglomeratic mudstone. The Redwood conglomerates 
and diamictites are similar to those of the Yakataga 
Formation, except that w angular boulders or striated 
clasts indicative of glacial icct.affing have been 
observed in the Redwood Formation (Plafker and 
Addicott, 1976). Redwood conglomerate clasts are 
subrounded to well rounded and reflect abrasion by 
fluvial and/or beach processes prior to thein deposition 
in marine waters (Miller, 1975). 

Plafker and AddicoU (1976) Buggest that the Redwood 
conglomerates are beach-worked glacioflwial outwash 
that waa deposited along the mast at the onset of 
glaciomarine sedimentation. However, Redwood 
conglomerates appear to be largely older than the onset 
of glaciation, and so they may instead be deposits of 
braid and fan deltas and submarine fans formed at the 
onset of coastal uplift associated with the initial docking 
of the Yakutat terrane that appears to have occurred in 
the late Oligiocenc (26 Ma) (Richter and others, 1990). 
Coarse-grained braid and fan deltas are commonly 
formed along active continental margins (Wescott and 
Etbridge, 1980; McPhersaa and others, 1987). 
Fhrthermore, as Anderson (1983) and Zellers (1990) 
point out, scattered dr~psbaes may be evi+ of 
ice-raffiag by shore-fast ice mther than glacial icebergs. 

However, at Kayak Island, the basal 500 fbet of the 
section that has been included in the Yakataga 
Formation consists of nonglacial, ooarse marine clastic8 
of early Miocene age (Plafktt, 1974; Marincavich, 
1990). Because these rocks appear to have been 
deposited prior to glaciation, we do not consider them to 
be part of the Yakataga Formtion, but rather correlate 
them with the Redwood Formation. 

Middle Tertiary Stratigraphic 
Sequence 

Poul Creek Formation 

The Poul Creek Formation was origblly assigned by 
Taliaferro (1932) to a 3,000-foot-thick sequeax of 
deep-water marine, reddish-brown-weathering, 
glauconitic mudstone, siltstone, and minor sandstone, 
mainly of Oligocene and Miocene age, that crops out 
along the Gulf of Alaska amst between the B e ~ g  and 
Malaspina Glaciers. Miller (1957) redefined the 

formation to include all of the approximately 6,100 feet 
of lithologically and genetically similar marhe strata of 
late Eocene, Oligocene, and Mi- age between the 
Yakataga and Kulthicth Formaticms. Because the 
stratigraphy of the Yakutat terrane extends westward to 
the Kayak Island zone, Winkler and Plafker (1981) 
extended the stratigraphic nomenelatUte of the Yakataga 
district to the Katalla district and reassigned the strata of 
the former Katalla Formation (Martin, 1905; Miller, 
1975) to the Pod Creek Formation. 'Ihus deked, the 
Poul Creek Formation (fig. 33) extends from the Kayak 
Island zone in the west to tfie Dangerous River zone in 
the east (fig. Ma). 

Onshore, the Poul Creek Formation is truncated by an 
unconformity at the Yakataga-Poul Creek contact along 
the western flank of the Lhngeroua River zooe beneath 
the Malnspina Glacier ( P l a h  and others, 1978~; 
Larson and others, 1985a). Enst of the Dangerous River 
zone in the Malaspina, Yakutat, and Lituya districts 
(fig. 3411, b), the Poul Creek Formntion is absent. 
Offshore, however, strata ageqivalent to the Poul 
Creek Formation (seismic sequence II) are continuous 
over the Dangerous River high and represent a thin unit 
offshore of the Yakutat and Lituya districts (fig. 18). 
Seismic sequence 11 appears to tepresent the 
shallow-marine, coarser grained lithofacies of the Topsy 
Formation and Cenotaph Volcanic8 that crop out in the 
Lituya district (figs. 33 and 34a) (Miller, 1%1b; 
Plafker, 1%7). 

The Redwood Formation has not been recognized in the 
geologic literature elsewhere than in the Katalla area. 



A facies change in the strata of seismic sequence II 
occurs across the offshore segment of the Dangerous 
River zone. This change reflects the transition from the 
proximal shelf facies of the Topsy Formation and the 
Cenotaph Volcanics on the eastern continental segment 
of the Yakutat terrane to the b a s i l  h i e s  of the Poul 
Creek Formation on the western oceanic segment of the 
Yakutat terrane. During deposition of the Poul Creek 
and Topsy Formations, the Dangerous River zone 
apparently represented a basi~~-margin paleoslope 
(Bruns, 1983b; 198%). Pod Creek strata basinward of 
this paleoslope contain benthonic foraminifera that 
indicate deposition in deep-marine, bathyal 
environments (Lagoe, 1983; Rau and others, 1983; and 
chapter 6, this report). 

In the Kata1la area, the Pod Creek Formation was 
thoroughly described by Miller (1975) because of tfre 
considerable interest attracted by numem oil seeps and 
the shallow Katalla oil field that was developed h m  
fractured Pod Creek strata. Miller (1975) subdivided 
the Katalla Formation (now considered the Poul Creek 
Formation) into three members with a combined 
thickness of about 5,200 feet (fig. 40). Tbese three 
members characterize the vertical sumasion of Poul 
Creek lithofacies in most onshore exposum, and also 
appear representative of Poul Creek strata offshore 
based on the few offshore wells that penetrated the 
formation. 

The upper Poul Creek Formation in the Katalla area 
(Burls Creek Shale Member of the former Katalla 
Formation) consists of as much as 2,800 feet of gray to 
dark-gray siltstone, dark-green pyritic and glawonite-te 
rich sandstone, dark organic-rich shale, and lenticular 
limestone. This upper Poul Creek member appears to be 
mostly late Oligocene to late middle or early late 
Miocene based on planktonic foraminifera1 assemblages 
and on radiometric dates of g l a d t e  from the 
Yakataga district (Armentrout and odKm, 1978; 
Armentrout, 1983a, 1983b; Lagoe, 1983; bhimxvich, 
1990; and chapter 6, this report). 

The glauwnitic sandstones of the upper Poul Creek 
member consist of angular to subround grains of 
glauconite in a brownish-greea silt to clay-sized matrix 
with common pyrite. The glawmitic sandstone beds are 
massive and exhibit rapid lateral changes in thickness 
from 3 to as much as 60 feet, and in some areas are 
absent altogether (Miller, 1975). At the Yakataga Reef 
locality, an equivalent sandstone consists of over 
80 percent pelletal glauwnite (Lagoe, 1983). The 
pelletal morphology of the glauconite suggests a 

biogenic origin, although at Kayak Island the glauumite 
is interpreted by Plafker (1974) to have formed by the 
alteration of basaltic detritus. The Poul Creek Formation 
locally contains abundant, interbedded, water-laid 
volcanic flows and pyroclastic rock (Miller, 1957, 1975; 
Plafker, 1974). 

The organic-rich shales and mudstonea of the upper Poul 
Creek member are described rn brown to black, pyritic, 
and massive to finely laminated (Miller, 1975; 
Armtntrout, 1983a). Thew organic shale8 and 
mudstones occur in onshore exposus as one or more 
horizons with a total thickness varying from 50 to 
800 feet, with the thickest aod organically richest section 
occurring to the west at Kayak Maad (Platker, 1974; 
Miller, 1975). Total organic carbon 0 contents 
from onshore samples of the organic-rich units are 
generally between about 1.5 and 8 percent, and the 

kerogen is predominantly of marine-algal origin 
(Plafker, 1974; Lagoe, 1983; Armentruut, 1983a; Mull 
and Nelson, 1986). The marine origin of the kerogen in 
the upper Poul Creek organic s u e s  umtrasts with most 
other Tertiary strata (including most of the Oligocene 
section of the Poul Creek Formation) in which the 
preserved kerogen is predominantly terrestrially derived 
(Armentrout, 1983a; and chapter 10, this report). 

The middle Poul Creek member (Basii Creek Member 
of the former Katalla Formation) is mainly early 
Oligocene in age (Plafker, 1987) and coasists of 550 to 
1,000 feet of locally glauconitic gray shale or siltstone 
with interbeds of very fine-grained sandstone that are 
locally glauconitic. Concretions of silty limestone, many 
of which contain fossil crabs, are common in the middle 
member near Katalla (Miller, 1973, although limestone 
concretions and thin lseds are common throughout the 
formation (Miller, 1957, 1975; Plafker, 1967, 1974). 

The lower Poul Creek member (Split Creek Sandstone 
Member of the former Katalla Formation) is late Eocene 
to early Oligocene in age (Rau and others, 1983; 
Plafker, 1987) and consists of about 700 to 1,400 feet of 
massive- to thin-bedded, fine to coarse-grained, 
brownish-gray sandstone with minor amounts of 
interbedded siltstone or shale. In the Yhtaga district, 
the equivalent basal lower sandy section of the Poul 
Creek Formation varies from 900 to 2,500 feet in 
thickness. 

Offshore, the Poul Creek Formation was encountered in 
5 of the 12 exploratory wells that were drilled on the 
Yakutat terrane (plate 6). 'Ihree of these offshore wells, 
the Shell OCS Y4014 No. 2, Texaco OCS Y-0032 
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Figure 40. Stratigraphic column of the Poul Creek Formation (formerly the Katalla Formation) in the 
Katalla district (after Miller, 1975). 
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No. 1, and Exxon OCS Y4080 No. 1, were either 
abandoned after penetrating the upper part of the Poul 
Creek section or failed to reach underlying formations 
because of steeply dipping and possibly fault-repeatad 
sections (plate 6). The ARCO OCS YMX)7 No. 1 well 
encountered upper Eocene strata in the basal 1,970 feet 
of the well, which Plaker (1987) correlated with the 
Tokun Formation. As a result, the OCS Y-0007 No. 1 
well may have penetrated through the entire Poul Creek 
Formation. However, this m l a t i m  is uncertain 
because both the Tokun and Poul Creek Formatioas 
have late Eocene sections and the two fofmatians are too 
similar lithologically to distinguish using drill cuttings 
and logs in the OCS Y-0007 No. 1 well. 

'I'he only offshore well that is known with certainty to 
have penetrated the entire Poul Creek Formation is the 
ARCO OCS Y4211 No. 1 well (plate 6). This well was 
drilled in a relatively undisturbed stmctural setting east 
of the Pamplona zone and penetrated essentially 
flat-lying strata. The well (plate 7) encountered a 
3,765-foot section of upper Eocene, Oligocene, and 
lower to middle Miocene strata containing characteristic 
Poul Creek lithofacies: dark, pyritic and glauamitic 
siltstone and shale, glauconitic sandstone, and occasional 
shaly limestone or calcareous concretions. Microfossil 
assemblages indicate deposition in bathyal eavhmeats 
(see chapter 6). 

The contact of Miocene Poul Creek strata with the 
Yakataga Formation in the OCS Y-0211 No. 1 well was 
picked fiom wireline logs near the first downhole 
occurrence of abundant glauconite in drill c a p .  Dip 
patterns from the dipmeter log exhibit a much wider 
scatter in the overlying poorly stratified glaciomarine 
strata of the Yakataga Formatioa than in the waglaci, 
deep-water marine strata of the Paul C d  Formation 
(fig. 41). The lower contact of the Poul Creek 
Formation was identified from the witelhe bgs at the 
top of the underlying emdstonc s q u m x  of the 

Kutthieth Formation. A local, slightly angular 
discordance that may correspond to the Poul 
Creek-Kulthieth contact was interpreted by Bnms 
(1983a) from seismic data over the broad structure that 
was tested by the OCS Y-0211 No. 1 well. 

The Pod Creek Formation in the OCS Y-0211 well can 
be subdivided into three lithologic units that we interpret 
to be approximately equivalent to those described by 
Miller (1975) in the Katalla area. The upper Poul Creek 
unit (4,805 to 5,770 feet) is late Oligocene to early or 
middle Miocene in age and can be diffemtiated from 
the other two units by more frequeat SP log deflections 

(plates 6 and 7) tbat reflect saa&stane beds. Near the tap 
of the upper unit, a zone of higher radioactivity on tbe 
gamma ray logs reflects abundant g l a W t e  and 
associated sediments. The middle Poul Creek unit 
(5,770 to 7,350 feet) is mostly early to late Oligocene in 
age and is predominantly shale and siltstone, as attested 
to by the flat response of the SP and resistivity logs. 
The lower Poul Creek unit (7,350 to 8,570 feet) is late 
Eocene to possibly early Oligocene in age and is 
distinguished from the overlying shaly middle unit by a 
higher resistivity log response tbat indicates the lower 
unit is siltier and sandier than the middle unit. A 32-foot 
conventional core (core 1, @u F-2) from this 
lower unit consisted of gray, massive, silty to 
occasionally sandy mudstone that was locally h~rrowed 
and bioturbakd and contained traces of pyrite, 
carbonaceous fragments, mica, and glauconite (Bames 
and others, 1983). 

Sandstone in the upper section of the Poul Creek 
Formation in the OCS Y-0211 No. 1 well is relatively 
abundant compared to that encountered in other OCS 
wells that penetrated the formation (plate 6). The OCS 
Y 4 2 l l  No. 1 well site may bave been closer to tfie 
paleoshoreline than the other OCS wells during 
deposition of the upper Poul Creek Formation. We 
interpret the late Oligocene to middle Miocene 
paleoshoreline to have been located to the east-nortbst 
of the OCS Y-0211 well site, prdmbly parallel with the 
trend of the Dangerous River zone (see discussion of the 
OCS Y4211 No. 1 well data ia the Kultbieth Formation 
section of this chapter). 

The uppermost Poul Creek strata of Miocene age in the 
OCS Y-0211 No. 1 well are particularly rich in 
glauconite and contain several beds composed almost 
entirely of glauconite pellets that are interbedded with 
thin units of dark-brownish-gray to black organic-rich 
siltstone or mudstone. The glauconitic beds were 
identified from drill cuttings and h m  gamma ray 
spectral and lithodensity well logs (figs. 41 and 42). The 
anomalously higher uranium levels displayed by the 
gamma ray spectral log (6 to 8 ppm uranium) appear to 
result from associated organic shales and marine 
phosphatic minerals (carbonate fluorapatite), which we 
tentatively identified in the form of cements associated 
with glauconite pellets. Phosphatic or apatite group 
minerals are commonly uranium bearing and frequently 
occur in association with glauconitic facies rnttijohn, 
1957, p. 474; Adams and Weaver, 1958; Serra and 
others, 1980; Pettijohn and others, 1987, p. 189). We 
also tentatively identified phosphatic minerals in 
conventional core samples of the OCS Y-0080 No. 1 
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Figure 41. Lithologic interpretation of OCS Y-0211 No. 1 well logs at the Yakataga-Poul 
Creek formational contact. The base of the Yakataga Formation at 4,805 feet is marked by a 
change from widely scattered dip magnitudes in the poorly stratified glaciomarine sediment to 
more consistent dips in the Poul Creek marine sedimeats. In the Poul Creek section, four 
glauconitic beds are apparent between 4,850 and 5,000 feet. Glauconitic beds are indicated by 
zones of higher radioactivity on the gamma ray (GR), uranium 0, and potassium 
(30TA) log traces, and higher values on the photoelectric factor (PEF) log trace. The 
glauconitic zones represent condensed sections formed when elastic deposition was very slow 
and sedimentation was dominated by slowly accumulatiog authigenic dauconite. 
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well from the Miocene glauconitic lithofacii of the 
upper Poul Creek mction. 

Giauconitic-phosphatic sediments are generally 
interpreted as having formed in xmrb sn-b 
where clastic sedimentation rates were low and biogeaic 
activity was bigh, and phosphate in particular is often 
l i e d  to upwelling nutrient-rich currents a d  reaticted, 
anoxic bottom-water conditions (Cloud, 1955; Pettijohn, 
1957; Porrenga, 1957; Win, 1972; Kolodny, 1981; 
Pettijohn and others, 1987). Tbat d c t e d  
enviroamenta occurred in the Miocene during -tian 
of the Poul Creek g l a u c o n i t i c ~ t i c  lithofac'i is 
also evidenced by an impoverished microfauna 
containing shark teeth recovered fhm a core in the 
upper Pod Creek section of the OCS Y-0080 No. 1 well 
(see chapter 6). In a study of onshore localities, 
Armentrout (1983a) also interpreted Miocene Poul 

Figure 42. Clay mineral identification 
from cross-plots of naanal gamtna ray 
spectrometry and lithodemity logs in the 
OCS Y-0211 No. 1 well in the upper Poul 
Creek Formation. Ctoss-plots of 
thorium/potassium and photaelectric 
factorlpotassium indicate that glawmite is 
the primary clay mineral in the interval 
from 4,900-4,910 feet (fig. 41). The 
mineral identification charts are a h  
Schlumberger Log Interpretation Charts 
CP-18 ~d CP-19 (1985). 

Creek strata as having been deposited in 
restricted marine envimnmmtn. 

The Miocene section of the Pod Creek 
Formation appears to be a oondensed 
time-stratigraphic section, and in some 
areas is absent altoge-ther, perhaps as a 
result of nonde~ition. Slow 
sedimentation rates are demonstrated by 
the glauconitic-phosphatic lithofacia and 
by the anomalously thin or absent 
Miocene Poul Creek section indicated by 
biostratigtaphic data f'rom onshore and 
offshore areas (Lagoe, 1983; Armeatrout, 
1983a). The thick Miocene Pod Creek 
section in the OCS Y-OO&O No. 1 well 
(plate 6) appears to be a result of drilling 
through steeply dipping and fault- 
repeated strata. The same may be true of 
the Miocene Poul Creek section in the 
OCS Y a 1 4  No. 2 well, wbich is faulted 
and may contain a repeated Miocene 

section (plate 6). The sandy interval heath  the fiult in 
the OCS Y-14 No. 2 well (between about 13,400 and 
14,400 feet) is similar in lithology a d  log response to 
Yakataga Formation strata, and may be a fault-repeated 
section of the Yakataga Formation within the Poul Creek 
Formation. However, this is not confirmed by 
biostratigrapbic data h m  fhe well. 

In some areas, the thin or missing Mimate section of 
the upper Poul Creek Formation may be a nrmlt of the 
postdepositional erosion manifested by an unconformity 
at the base of the Yakataga Formation. However, at 
Yakataga Reef a middle Miocene hiatus occurs within 
the Poul Creek Formation, even though Beposition was 
apparently continuous through the overlying upper 
Miocene interval which spans the Yakataga-Pod Creek 
contact (Lagoe, 1983). Therefore, the hiatus at Yakataga 
Reef is not a result of erosion at the Yakataga-Poul 
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Creek formational boundary, rather it is most likely a 
result of nondeposition. The middle Miocene hiatus is 
also evident offshore in the Texaco OCS Y4032 No. 1 
well (fig. 63). A middle Miocene hiatus was also 
encountered on the adjacent Prince William terrane in 
the Tenneco Middleton Island No. 1 well and in oceanic 
sediments from the Deep Sea Drilling Project WDP) 
site 178 on the adjacent Pacific plate (Keller and others, 
1984). 

The regional occurrence of a middle Miomme hiatus in 
the Yakutat and Prince W i l l i i  termma and the adjacent 
Pacific plate suggests that this hiatus may have d t e d  
from a paleaceamgraphic eustatic event. Depositional 
hiatuses and subsequent con- stratigraphic secticms 
are interpreted to result fiom abrupt ~ - l c v e l  rises that 
produce regional transgressioos that shift depocenters 
shoreward and cause basinward sediment starvation 
(Loutit and others, 1988). A mid-Miocene marine 
transgression is consistent with the globnl oxygen 
isotope record (Miller and F*, 1985; Milla and 
others, 1987) and eustatic cycles inferred drom seismic 
stratigraphy (Vail and others, 1977) which suggest a 
trend of rising sea level in early and early middle 
Miocene time (fig. 38). 

Armentrout (1983.) also suggested that the Miocene 
upper Poul Creek Formation was deposited during a 
marine transgression and h y p o t b i i  that the 
organic-rich sediments resulted h m  an upwelling 
system that moved shoreward and depressed the oxygen 
minimum zone along the basii margin (fig. 43). He 

further postulated that the depjition was a caasequence 
of a climatically induced oceanographic system similar 
to that which is thought to have influenced deposition of 
the Monterey Formation and equivalent Miocene rocks 
around the north Pacific margin (hgle, 1981; 
Summerhayes, 1981). 

The organic shales of the Poul Creek and Monterey 
Formations correlate with an early to middle Miocene, 
ocean-wide carbon isotope (613c) anomaly, termed the 
Monterey carbon excursion, that is interpreted to 
indicate increased extraction of organic carbon ftom the 
oceans and a probable decrease in atmospheric @ 
(Berger and Mayer, 1987). The timing of the Monterey 
carbon excursion just prior to the middle Miocene polar 
cooling event suggests a cause-andcffwt link between 
the inferred atmospheric CqL reduction and the 
subsequent climate cooling indicated by the 8180 record 
(fig. 44). The p a l ~ o g r a p h i c  events influencing the 
deposition of the Poul C d  organic sbalca may also 
have set the stage for climatic cooling and the resulting 
glaciation that occurred along the Gulf of Alaska 
subsequent to the docking of the Yakutat terraae in the 
late Oligocene. 

Topsy Formation and Cendaph Vdcanics 

The Topsy Formation and Cewtaph Volcanic8 (Miller, 
l%lb; Plafker, 1%7) are e+ in a kw areas 
between Lituya Bay and Cross Sound (plate 5). This 
sequence unconformably overlies Yakutat Group 
basement rocks and is unconformably overlain by the 

Figure 43. Interpretative hydrographic profile for middle Miocene deposition of the upper Pwl Creek Formation. 
Organic-rich sedimentation is interpreted to have occurred during a period of transgression when upwelling 
currents and resulting organic blooms depressed the oxygen minimum zone to the sea floor, possibly within a 
shelf-margin basin (after Armentrout, 19838, fig. 7). 
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Hgure 44. ReIatiomhip between oceanic 
organic carbon and Miocene palcoclimate 
as indicated by carbon aad oxygen 
isotope records (modified from Berger 
and Mayer, 1987). The ocean": jde 
Monterey carbon-13 isdope (6 C) 
excursion correlates with organic shales 
of the Monterey Formation md 
equivalent sbales of Pacific continental 
margins such as tbe upper E&d Creek 
Formation. The Monterey b C excursion 
indicates oceanwide exCraetioa of or& 
carbon and a probable reduction in 
atmospheric CQt, evidently as a result of 
increased deposition and storage of 
organic mattcr on conheatal shelves. 
This event was apparently a to 
the Mioccne polar cooling that the 6' 0 
record indicates began about 15 Ma and 
which may have set the stage fa 
glaciation in the Gulf of Alaska (see 
fig. 38). 

I I 1 I I I I I 
6 - - 

- - 

Yakataga Formation (figs. 33 and 34a). These two rock 
units are interpreted to be postearly Oligoceoe to 
pre-middle Miocene in age and are largely age- 
equivalent to the Poul Creek Formation Wfker, 1967). 

-- 

The Topy Formation consists of over 3,700 feet of 
sparsely fwsilifetous, calcmmua marine ~iltstone and 
sandstone (fig. 45). The underlying Cewtaph Volcanics 
consist of about 1,250 feet of andesitic breccia or 
agglommte, tuff, and flows that are interbedded with 
tuffkcems siltstone, glawmitk sandstone, p e a -  
cobble conglomerate, and minor coal (fig. 45). 
Depitionalc11vironments range fmm shallow marine to 
mnmarine. The Topsy strata interbnp with and, in 
part, uncoaformably overlie the Cenotaph Volcanics. 

Cenotaph and Topey strata have not been identified in 
the onshore exploratory w e b  drilled cast of Yakuht 
Bay. Most of those wells cnmmteml a relatively thin 
section of Yakataga Formation lrnconformably overlying 
either Kulthieth strata or Y h t  bapemeut rocks, or 
bottomed in Yakataga strata. However, the Colorado Oil 
and Gas No. 2 Core Hole (well No. 22, plate 5 and 
fig. 3421, b) penetrated about 2,000 feet of lower 
Neogene and Paleogene strata bemath the Yakataga 
Formation that consist of sandstone, umglomerate, 
mudstone, and, locally, coal. Plafker and othera (1975) 

MONTEREY - 

- 

18 
- 

include these etrata with the Pod C d  Formation and 
tentatively with the Kulthieth Fonnatim. However, 
some of these strata should probably be included with 
the Topsy rather than the Poul Cieedc Formation. 'Ibe 
nonmarine to marginal marine lithofiwits in the well are 
analogous to those of the Topsy Formation, W not to 
the generally deepmarine fac'1e.s of the Poul Creek 
Formation. Fbthermore, the location of Core Hole No. 
2 is east of the Dangerous River zaae on the ~ ~ t a l  
segment of the Yakutat terrane (plate 5) where tbe 
Topsy Formation crops out. whereas the Pwl Creek 
Formation appears to be restricted to the oceanic 
segment of the Y h h t  teterrane. 

22 

The Colorado Oil and Gas Dangerous River No. 1 weU 
(weU No. 23, plate 5 and fig. 3 6 ,  b) encountered a 
550-foot section of sandstone, siltstoae..~nglometate. 
and basaltic volcanics between the overlyins Yrkataga 
Formation and the underlying Yakutat Group basement 
rocks- drat may be correlative with the Topsy Formation 
and Cenotaph Volcanics. However, the volcanics in the 
Dangerous River No. 1 well are undated and, based an 
lithology, have been correlated with the tmsalt of Hubbs 
Creek (Plafker, 1987). Neither correlation is certain 
without age data on the volcanic8 or i n W  
sedimedlts. 
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Figure 45. Stratigraphic columns and correlation of the T o m  Formation and Cenotaph ~olcani& in the 
Bay district (aftit Rau and others, 1983). 



Sitkinak Formation and glauconitic sandstone and siltstone with subordiite 

On the Prince William terrane, the Sitkinak Formation 
(early Oligocene) and an unnamed shallow-marine 
siltstone sequence (late Oligocene to early Miocene) are 
largely age-equivalent to the Poul Creek, Topsy, and 
Cenotaph Formations on the Yakutat terrane. Outcrops 
of these strata in the Kodiak Island area consist of 
coal-bearing nonmarine to marine chstics that 
apparently represent fan-delta, shelf, and subsea-fan 
deposits of a forearc basin (Moore, 1%9; Moore and 
Allwardt, 1980). 

The Tenneco Middleton Island No. 1 well (plate 6) 
drilled through a lower Miocene to Oligocene section 
that has heen correlated with the Poul Creek Formntion 
(Rau and others, 1983; Larson and others, 1985b). 
However, because this well was located across the 
Kayak Island zone on the Prince William terrane, the 
strata deposited there before the early to middle 
Miocene probably were not contiguous with coeval Poul 
Creek strata deposited on the Yahtat terrane 

Consequently, these strata are interpreted as correlatives 
of the Sitkiiak Formation and related strata of the 
Kodiak Island area rather than the Poul Creek 
Formation. 

carbonaceous shale and coal that occur predominantly as 
stacked, fining- and shoaling-upward sequemmi Wmer 
and Whateley, 1989). Fossils from the Tokun Formation 
indicate depositional environments ranging from inner to 
outer neritic (Miller, 1975; Tydsa1 and others, 1976; 
Wolfe, 1977; Marincovich and McCoy, 1984). Recent 
study suggests that Tokun strata may represent tidal-inlet 
and back-barrier lagoon and marsh deposits of a 
mesotidal barrier island-estuarine complex (fig. 46) 
(Turner and Whateley, 1989). 

The upper contact of the Tokun Formation with the Poul 
Creek Formation varies from sharp to gradational and is 
considered conformable (Miller, 1975; Winkler and 
Plafker, 1981). The base of the Tokun Formation in the 
Bering River area is defined by a laterally extensive 
shale-pellet conglomerate that displays a diachronous 
relationship with underlying Kulthieth strata (Turner and 
Whateley, 1989). This conglomerate is thought to mark 
a marine transgression that moved eastward across the 
fluviodeltaic sediments of the Kulthieth Formation 
(Turner and Whateley, 1989). Tokun strata appear to 
represent a transitional depositional phase between the 
progradational deltaic sediments of the Kulthieth 
Formation and the deep-water basid shales snd 
siltstones of the overlying Poul Creek Formati~n. 

The Oligocene to lower Miocene section penetrated by 
the Middleton Island No. 1 well is 4,175 feet thick 
(plate 6) and consists predominantly of deep-marine 
(lower to middle bathyal) siltstone and mudstone, with 
minor sandstone, conglomerate, and interbedded 
volcaniclastics. Shallower water species mixed with the 
predominantly deep-marine microfossil assemblages 
suggests downslope transport of d i n t  from nearby 
slope and shelf regions (Keller and others, 1984). 

Lower Tertiary Stratigraphic 
Sequence 

Tokun Fonnation 

The Tolc~~n Formation (Martin, 1908) is exposed only in 

the Katalla-Bering Glacier area and on Kayak and 
Wingham Islands where it consists of up to 3,500 feet of 
Eocene and early Oligocene mostly marine clastic 
sediments (Miller, 1% la, 1975; Plaiker, 1974). Tokun 
sediments consist predominantly of gray concretionary 
siltstone with variable amounts of interbedded micaceous 
sandstone (Miller, 1975; Tysdal and others, 1976; 
W i l e r  and Plafker, 1981). In the Bering River 
Coalfield in the northern part of the outcrop area, the 
Tokun Formation consists of greenish-gray, rnicaceous 

The only onshore exploratory well that encountered the 
Tokun Formation was the Richfield Bering River No. 1 
well in the Katalla district (well No. 1, plate 5). The 
Bering River No. 1 well drilled Tokun strata beneath a 
thin mantle of Quaternary deposits to the total depth at 
6,175 feet. The Tokun section encountered in the well 
was a monotonous sequence of dark siltstone and shale. 
The dipmeter log indicated that some of the strata were 
steeply dipping and possibly faulted in two places. 
Because of this, the 6,100-foot-thick Tokun section 
penetrated in the well does not represent true 
stratigraphic thickness. 

Tokun Formation lithofacies are not recognized east of 
thc; KntaUa district in either outcrops or onshore wells. 
In the Yakataga district, all of the shaly marine strata 
between the Kulthieth and Yakataga Formations, 
includimg any of the basal strata of possible late Eocene 
age, are assigned to the Poul Creek Formation (Miller, 
1957; Plafker, 1%7). 

Offshore, only the ARC0 OCS Y4211 No. 1 and OCS 
Y4007 No. 1 wells penetrated strata that are old enough 
to be equivalent to the Tokun Formation. The age- 
equivalent section of the Tokun Formation in the OCS 
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Figure 46. Generalized Tokun Formation fining-upward sequence, interpretation of depositional en-&, 
and block diagram of mesotidal barrier island-estuarine depositional setting (from Turner aud Whateley, 1989). 

Y-0211 No. 1 well is a predominantly sandy lithofacies apparent lithologic break in logs or drill cuttiogs in this 
that correlates with the Kulthittfi Formation (Plafker, part of the well. 

1987). The OCS YMWn No. 1 well (plate 6), as 
previously indicated in the Poul Creek Formation Kulthieth Formation 
discussion, penetrated 1,970 feet of upper Eocene strata 
in the bottom of the well that could be ageequivalat to 
either the upper Tokun F o d o n  or the basal Pwl 
Creek Formation. It is uncertain to which formation 
these upper Eocene strata correlate because there is no 

The Kulthieth Formation (Miller, 1957) is exposed on 
the southern flanks of the Chugach and St. Elias 
Mountains from approximately Kayak Island to Yakutat 
Bay (fig. 34a, b). The exposed section is Eocene in age 
(fig. 34a), at least 9,000 feet thick, and consists of 



nonmarine and shallow-marine sandstone, siltstone, and 
mudstone with interbedded coaI (fig. 47). In the 
offshore, seismic sequence III, interpreted to mainly 
represent the Kulthieth Formation or its equivalents, is 
locally over 14,000 feet thick (fig. 20). 

Exposures of Kulthieth strata are interpreted to represent 
fluvial and paralic sediments that were deposited as a 
complex of coalescing deltas (Plafker, 1987). In the 
Katalla area, equivalent coal-bearing strata formerly 
referred to as the Kushtaka Formation (Martin, 1905, 
1908) are now included with the Kulthietb Formation 
( W i l e r  and Plafker, 1981; Plafker, 1987). Fossil 
fauna and flora from the Kulthieth Formation indicate a 
middle to late Eocene age, with the youngest strata 
possibly being early Otigocene [Wolfe, 1977; AM~cott 
and others, 1978; Rau and others, 1983). An isolated 
outcrop of coal-bearing strata north of the Samovar Hills 
contains late Paleocene mollusks (Addicott and Pla&er, 
197 I), but the relationship of this older unit to the 
Kulthieth Formation is uncertain (Plafker, 1987). 

The Kulthieth Formation is characterized by sandstone 
generally described as arkosic to feldspathic, micaceous, 
with significant admixtures of volcanic rock hgments 
(Miller, 1957, 1971; Plafker and Miller, 1957; Winkler 
and others, 1976). Kulthieth sandstone provenance 
studies indicate a predominantly plutonic and high-grade 
metamorphic source terrane that differs significantly 
from the metavolcanic and rnehsdbnentary ternme8 of 
the surrounding Chugach and St. Elias Mountains. It is 
thought that the Kulthieth and Poul Creek sediments 
were deposited when the Yakutat terrane was farther 
south and adjacent to coastal uplifts along southeastern 
Alaska and British Columbia (Hollister, 1979; Plafker 
and others, 1980; Plafker, 1983, 1987; Chisholm, 
1985). Other palemmagnetic, paleontologic, and 

petrologic studies also place the Yakutat terrane farther 
south during the Eocene, but disagree as to how far 
south, and variously plnce the Yalcutat terrane from 
southern California to British Columbia (Bruns, 1983a; 
Keller and others, 1984; von Huene and others, 1985; 
Van Alstine and others. 1985; Davis and PIafker, 1986). 

The Kulthieth Formation was deposited in a Paleogene 
basin that was formed along a c o n t i n e n t a l d c  
margin when transform faulting along the Transition 
fault isolated oceanic crust (Plafker, 1987). During 
deposition of the Kulthieth Formation, the Dangerous 
River zone (fig. 34) apparently represented a paleoslope 
along the northeastern margin of the basin (Bruns, 
1983b, 1985b; Platker, 1987). Onshore well and 
offshore seismic data indicate that the Kulthieth section 

thickens rapidly westward away from the Dangerous 
River zone (figs. 20 and 344. Basal Kulthieth 
conglomerates unconformably overlie the Jurassic(?) to 
Cretaceous metasdimentary rocks of the Yakutat Group 
along the western flank of the Dangerous River zone in 
the Colorado Oil and Gas Yakutat No. 3 well (well 
No. 20, fig. 34b), and at the Samovar Hills (plate 5). 
The Samovar Hills are thought to mark the continuation 
of the Dangerous River zone after it trends beneath the 
Malaspina Glacier (Plafker, 1987). Farther northwest 
along this trend in the Haydon Peak area (plate 5), 
shaly, deep-water marine equivalents of the Kulthieth 
Formation also overlie Yakutat Group basement rocks 
with angular unconformity (Platker and Miller, 1957). 

The Kulthieth fluviodeltaic complex prograded 
southwesterly to possibly southeasterly away from the 
northeastern to northern continental margin of the basin. 
Paleocurrent measurements from c ros s -Wig  in 
sandstones northwest of the Bering River area indicate 
southwes&rly flowing streams m e r  and Wbateley, 
1989). In the Katalla area, Kulthieth flwiodeltaic 
sediments intertongue to the southwest with tidally 
influenced marine sediments of the overlying Tokun 
Formation and the prodelta marine sediments of the 
underlying Stillwater Formation (Miller, 1951, l%la; 
MacNeil and others, 1961; Platker, 1987; Turner and 
Whateley, 1989). A few paleocurrent measurements 
from Kulthieth sandstones in the Grindle Hills along the 
eastern side of the Bering Glacier suggest southeasterly 
streamflow in the Eocene (Lyle and others, 1976). 

Kulthieth deltas appear to have been deposited in a 
moderately deep-water marine basii. Deep-water marine 
environments are known to have been present on the 
seaward, southwestern side of the Yakutat terrane during 
Kulthitth time because middle and late Eocene 
sedimentary rocks containing bathyal microfaunas were 
dredged from strata that subcrop along the continental 
slopc (plate 5; Plafkcr aud others, 1980). Kulthieth 
strata penetrated in onshore exploratory wells along the 
Gulf of Alaska coast contain both coal-bearing 
lithofacies and marine s+ne with a sparse benthic 
microfauna indicative of deposition in outer neritic to 
upper bathyal environments (Rau and others, 1983). 
This vertical mixture of shallowshelf to deepmarine 
environments is suggestive of rapid lateral changes in 
paleobathymetry. 

Lithostratigraphic data on offshore m e  strata 
equivalent to the Kulthieth Formation are largely limited 
to the ARC0 OCS Y-0211 Yakutat No. 1 well. The well 
was drilled near the Paleogene basin axis or depocmter 
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LITHOLOGIC SYMBOLS 
FOR COLUMNAR SECTION 

115' Massive to thin-bedded fine-grained sandstone. 
135' Massive medium-grained arkosic sondstone. 

Mossive to  thin-bedded fine- to medium-grained sand- 355' stone; thin beds of corbonaceous slltstone. 

180' Massive t o  thin-bedded sondstone, dark-gray siltstone. 

230' Massive medium-grained orkosic sandstone. 
lnterbedded carbonaceous siltstone and massive, partly 

365' mottled arkosic sandstone. with lenses of calcareous 
sandstone. 

lnterbedded carbonaceous siltstone, silty sandstone and 
5 0 0 '  massive medium-grained arkosic sandstone, with thin 

beds of calcareous sandstone and coal. Sandy Siltstone 
180' Mossive medium-grained sandstone, with carbon- 

aceous siltstone and thin beds of coal. 
310' Massive fine- to medium-grajned, partly arkosic sandstone, 

and coal and carbonaceous slltstone. 

280' + Massive to  thin-bedded fine-grained sandstone. 

400' 2 blltstone ana silty sondslor~a, with thin beds,of Culcorcous Concretions 
sandstone and calcareous sandstone. concretlons. 
Lithology and thickness remotely est~mated. 
Massive to  slabby fine- rained sandstone, with some Vertical Scale 

425' + siltstone. Several coal %eds and calcoreous zones. - 1000 Feet 

Massive t o  thin-bedded fine-grained sandstone and 
170 '  siltstone. 
205' Mossive fine- to medium-grained sandstone. 

Massive very fine-grained sandstone and thin beds of 
295 '  carbonaceous siltstone. 

Massive to  thin-bedded fine-grained sandstone, thin 
45' beds o f  siltstone. 

275' Carbonaceous siltstone and silty sandstone with many 
concretions, calcareous sandstone; thin beds of coal. 

Carbonaceous siltstone and silty sandstone with thin 
650' beds o f  friable arkosic sandstone, many concretions 

of calcareous sandstone, and beds of coal. 

Massive friable medium-grained, arkosic, partly 
'35' c u ~ ~ u t  adus sunastone. 
180' Sandstone and siltstone; thin beds of cool. 

210. Siltstone and sandstone with calcareous sandstone 
concyetions; thin bed.s of coal. 

200' Massive med~um-gralned arkosic sondstone; thin 
beds of carbonaccouo siltotone and coal. 

3 4 0 '  Massive t o  thin-bedded fine- rained sandstone, 
carbonaceous siltstone, severag thin beds of coal. 

Cnrbonaceous siltstone and silt fine- rained 
sandstone interbedded wrth triaxle rnezum-gr.ained 

1000' arkoslc sandstone; some crossbedded, rhythrnlcally . 
interbedded sandstone and slltstone, mony concretlons 
of calcareous sandstone, and thin beds of coal. 

Predominantly carbonaceous siltstone, with thin-bedded 
650 '  + arkosic sandstone; many concretlons and thln beds 

of calcareous sandstone; thin beds of cool. 

F i r e  47. Stratigraphic column of the Kulthieth Formation, Kulthieth River, Yakataga district ( a h  Miller, 
1957, sheet 2, section 2). 
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(plate 5)  and penetrated a complete 7,860-foot-section of 
middle and late Eocene, marine sandstone and shale 
@late 7). The Kulthieth benthic microfauna in the well 
(fig. 64) indicate deposition in outer neritic to upper 
bathyal water depths (300 to 1,500 feet). The Kulthieth 
section of the OCS Y4211 No. 1 well (plate 7) is 
divisible into an upper sandstone unit (8,570 to 11,650 
feet), a middle predominantly siltstone and shale unit 
(1 1,650 to 15,360), and a basal sandstone unit (15,360 
to 16,430). 

The upper Kulthieth sandstone unit in the OCS Y-0211 
No. 1 well consists of 3,080 feet of late Eocene 
sandstone, siltstone, and mudstone. The sandstone is 
feldspathic, micaceous, very fine to fine grained and 
occasionally medium to coarsc; grained, with fqut;ul 
interlaminae of carbonaceous and micaceous siltstone. 
The sand-shale ratio increases upward in this unit, 
suggesting an overall regressive or progradational 
vertical sequence. The abundant carbonaceous plant 
detritus and a leaf fragment recovered from core 2 
(appendix F-3) suggest that these msrine sediments 

originated from deltaic depositional systems, which are 
typically the source of terrigenous ca rbonam detritus 
in offshore marine environments (Selley, 1984). 

Wireline log patterns in the OCS Y4211 No. 1 well 
indicate that the upper Kulthieth sandstone unit has two 
different lithofacies associations that subdivide the unit 
approximately in half. The lower half of the unit consists 
of relatively large scale (about 50 to 300 feet), 
thickening- and coarsening-upward shale-sand 
progradational sequences. An interpretation of 
sedimentological data from conventional core 4 (fig. 48) 
of the basal coarsening-upward sequence (1 1,450 to 
11,650 feet) @late 7) indicates that it is built of 
aggradational, fining-upward beds that appear to refleet 
deposition by sediment-gravity flows. The sandstone bed 
capping this sequence contains cross-bedding near the 
base that indicates traction transport processes and 
possibly channelized flow. This lithofacies association, 
in combination with the outer neritic to upper bathyal 
microfauna, suggests that it represents a submarine-fan 
depositional lobe sequence (fig. 49). 

In contrast, the lithofacies association of the upper half 
of the upper Kulthieth sandstone unit of the OCS Y m l l  
well consists of sandstone of mixed beddig styles 
indicative of a variety of depositional processes 
(fig. 50). The stratigraphic position of this mixed 
sandstone lithofacies above inferred submark-fan 
depositional lobes suggests middle to upper submarine- 
fan sedimentation. The diverse depositional processes 

indicated by the mixed-sand lithofacies are coasistent 
with the variety of channel, channel-mouth, and 
interchannel depositional environments that are found in 
the upper to middle portions of submarine fins 
(Shanmugam and Moiola, 199 1; Pickering and others, 
1989). On the other hand, conventional wres 2 and 3 
from this upper sand facies association are extensively 
bioturbated (fig. Sl), a common, although not 
diagnostic, characteristic of shallow-marine 
environments (Pettijohn and others, 1987, p. 118-122; 
Bottjer and Droser, 1991). However, interchannel areas 
of submarine fans that receive largely pelagic 
sedimentation are also commonly bioturbated (Pickering 
and others, 1989). It may be that both shelf and upper 
submarine-fan deposits are represented in the 
mixed-sand lithofacies association of the upper half of 
the upper Kultbieth sandstone unit in the OCS Y-0211 
well. 

The middle Kulthieth unit of the OCS Y-0211 well 
(plate 7) consists of 3,7 10 feet of middle Eocene 
siltstout and mudstone with mbmdinab beds of 
fine-grained sandstone. A conventional core (core 5, 
appendix F-6) from the lower part of this unit recovered 
dark-gray, carbonaceous, micaceous, slightly silty 
mudstone with local plant detritus and interlaminae of 
siltstone (Barnes and others, 1983). These finely 
laminated sediments indicate quiet-water deposition and 
show no bioturbation. Overall, the middle Kulthieth unit 
may represent deposition mainly in basiil envimnments. 

The basal Kulthieth unit of the OCS Y-0211 well 
consists of 1,070 feet of middle Eocene sandstone with 
subordinate siltstone and mudstone (plate 7). Tbe 
microfauna of these sediments, like that of the upper and 
middle Kultbieth units, indicates deposition in.an outer 
neritic to upper bathyal marine environment. Wilint 
logs display a large-scale vertical thickening- and 
coarsening-upward succession that suggests a 
progradational sequence like that of the upper Kultbicth 
sandstone unit. Depositional processes in this unit were 
probably analogous to those of the upper sandstone unit, 
although this is uncertain, as no mes were recovered to 
allow sdimentological interpretation. 

Data from stratigraphic high-resolution dipmeter logs 
(SHDT) of the OCS Y4211 No. 1 well suggest that 
marinecurrent trends during deposition of the Kulthieth 
Formation were generally northwest to northeast 
(fig. 52). Dipmeter logs indicate that the Kulthieth strata 
at the OCS Y-0211 well site generally dip about 
6 degrees or less northwest to northeast. These shallow 
structural dips reflect the regional northwesterly axial 
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Turbidite facies classification of Mutti and Ricci 
Lucchi (1972) 

G 

Figure 49. Depositional-lobe model of a submarine fan showing large-scale thickening-upward trends, and distribution 
of turbidite facies and small-scale bedding sequences in turbidite deposits (modified &om Pickering and others, 1989; 
and Shanmugam and Moiola, 1991). 

plunge of the eastern part of the Paleogene basin that is 
evident on seismic structure contour maps (fig. 19). Dip 
azimuth frequency plots (rose diagrams) constructed 
from relatively high-angle dips (10 to 40 degrees) also 
indicate a predominant northwesterly trend, generally 
parallel or subparallel to the plunge of the Paleqene 
basin axis (fig. 52). These high-angle dips are 
interpreted to primarily represent high-energy 
sedimentary features such as croashddig, foreset 

shale, marl 

bedding, channel fill, and current scour surfaces. 
Removal of the &allow, structural4p component from 
the high-angle dips by dip vector rotation was not found 
to have a significant effect on the inferred dimentary 
dip diiectional trends. Distortion of sedi i tary  
directional trends generally does not become significant 
until structural dip exceeds approximately cme-tbird of 
the magnitude of sedimentary d i p  (Hocker and others, 
1990). 
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Log signatures of upper (ulthieth Basic log signatures and depositional processes in shallow and deep water 
sandstones in the OCS Y-0211 (after Pettijohn and others, 1987, fig. 10-7). 
No. 1 well. 
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Figure 50. Log signatures and depositional processes of the upper mixed- lithofaciw frOm the Upper Kulthieth sandstone uoit, OCS Ymll 
No. 1 well. The variety of log signatures indicates diverse bedding styles and dqositiolal processsa occurred in outer shelf to moderately dwp-water 
environmsnts. 
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North to northwesterly paleoflow trends in Kulthieth 
rocks have also been reported by Chisholm (1985), who 
suggested that the present-day counterclockwise marine 
gyre of the Gulf of Alaska region has persistently 
influenced coastal sedimentation on the Yakutat terrane 
since at least the early Eocene. He postulated that during 
deposition of the Kulthieth and Poul Creek Formations, 
rivers flowing from continental source areas to the east 
supplied sediment to paralic and marine environments 
which dispersed sediment to the north and northwest as 
a result of a prevailing counterclockwise marine system. 
The northwesterly paleocurrent trends reported by 
Chisholm (1985) are controversial because they 
apparently contradict the southwesterly to southerly 
paleocurrent trends of onshore data and because 
Chisholm (1985) provided no supporting data or 
references for his conclusions (Bxuns, 1985a). 
However, his northwesterly trends are consistent with 
the OCS Y-0211 well data and with reconstructions of 
Paleogene oceanic surfacecirculation patterns that 
indicate north to northwesterly flow along the Pacific 
Northwest coast of North America (Pickering and 
others, 1989, fig. 4.11). 

In order for northwestern progradation of marine 
Kulthieth sandstune sequences at the OCS Y m l l  well 
site to have occurred there must have been substantial 
influxes of terrigenous sediment along the eastern end of 
the basin upcurrent and upslope from the well site. This 
suggests that Eocene flwiodeltaic complexes 
represented by Kulthieth exposures on the mainland 
probably also were present along the segment of the 
Dangerous River zone that is currently offshore. These 
inferred deltaic or paralic deposits, like those 
represented by Kulthieth exposures onshore, probably 
also prograded southwestward down the slope of the 
western flank of the Dangerous River m e ,  but marine 
environments at the delta margins apparently dispersed 
the bulk of sediment northwestward along the basin axis. 

Similarities in sediment dispersal patterns, areal 
distribution of lithofacies, and tectonic setting of the 
Tokun-Kulthicth Formations suggest that the d m  

Copper River delta may provide a crude depositional 
analogue for Eocene deltaic and marine sedimentation 
on the Yakutat terrane. Deltaic depositional systems are 
classified by the relative influence of flwial sediment 
input versus wave and tide energy flux (fig. 53; 
Galloway, 1975). The Copper River delta, at least in its 
lower reaches, is a high-energy marine, mixed tidal and 
wave dominated deltaic depositional system (Galloway, 
1975, 1976; Hayes, 1989). The Copper River delta 
progrades into an open-marine basii along a mesotidal 

coastline, a depositional setting similar to that inferred 
for the Tokun-Kulthieth depositional sequence. The 
continental shelf offshore of the Copper River delta is 
relatively deep (100 to 200 meters) and is comparable to 
the outer neritic to upper bathyal paleobathymetry (100 
to 450 meters) inferred from Kulthieth marine 
microfaunas. The sediment dispersal pattern of the 
Copper River delta system consists of southwesterly 
trending distributaries and tidal channels that tramport 
sediment to the delta margin, where the sediment is then 
diverted west-northwestward into the marine 
environment by longshore drift and marine currents 
(Galloway, 1976; Hayes, 1989). This pattern is similar 
to that inferred for the Kulthieth marine sandstone 
sequences from the dipmeter data of the OCS Y-11 
well. The high bed-load content of the Copper River and 
high marine energy combine to produce deltaic and 
deltaically derived marine sediments that are sand-rich 
(Galloway, 1976). Such an Eocene depositional system 
would have had the capacity to transport and deposit 
sand-rich sediments to the relatively deepwater marine 
basinal environments seen in the Kulthieth section of the 
OCS Y-0211 well. 

To summarize, onshore and rather limited offshore data 
indicate that Tokun-Kulthieth sedimentation occurred in 
a moderately deepmarine basin along an active 
continental-oceanic margin. A schematic Eocene 
palmgeographic reconstruction is shown in figure 54. 
Terrigenous sediments including feldspathic- 
sands with varying admixtures of volcanic detritus were 
transported by rivers flowing from a continental, 
predominantly plutonic-metamorphic terra to the 
northeast and east. The coastal plaii complex consisted 
of coal-bearing alluvial plain, delta-plain, delta-front, 
and mesotidal barrier island-estuarine systems that 
prograded southwestward into marine prodelta, shelf, 
and basinal environments. Marine sedimentation was 
apparently influenced by a counterclockwise, coastal 
paleoflow pattern which resulted in northwestward 
dispersal of sediments along the basin axis. The 
Kulthieth section of the OCS Y-0211 well documents 
two major Eocene progradational cycles of subsea 
sand-rich sedimentation at about the early middle and 
late Eocene that are separated by a period of mud-rich 
sedimentation in the middle Eocene. 

Stillwater and Haydon Peak Formations 

The Stillwater and Haydon Peak Formations appear to 
be largely equivalent on the basis of probable age, 
lithologic similarities, and stratigraphic and structural 
relationships. These rock units probably represent shaly 
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Figure 51. Evaluation of bioturbation in the upper Kulthieth sandstone unit from conventional cores, OCS 
Y-0211 No. 1 well. A) Schematic diagram showing a ranking of varying amounts of dimuption of original 
sedimentary bedding by bioturbation, termed ichnnfabric (after Droer and Botrjer, 1986; Bottjer nnd Droscr, 
1991). The ichnofiibric indices are semiquantitatively defined as follows: 1) m biotuhtiion; 2) up to 10% of 
bedding disturbed; 3) bedding 10-40 % disturbed; 4) bedding 4040% disturbed; 5) bedding completely 
disturbed, but sediment fabric not mixed; 6) homogenized sediment (not shown). B) Histograms, termed 
"ichnograms," of ichnofabric indices of cores 2 and 3 from tbe upper K~lthieth Fortnation. The ichwfabnc 
indices were estimated visually from photographs of split cores utilizing diagram A. The ichnograms illustrate 
the extensive bioturbation tbat occurred in the sediments of the cores and indicate tbat the environment was 
characterized by well-oxygenated bottom waters and a dynamic benthic fauna. 

prodelta and basinal marine equivalents of the Kulthieth The Stillwater Formation (Martin, 1908) is exposed in 
Formation, as they appear to intertongue with the lower the Katalla and Bering Glacier area (figs. 33 and 344, 
Kulthieth Formation (Plaker and others, 1978a, Plafker, where it consists of approximately 5,000 feet of bard, 
1987). dense, dark-colored marine shaly siltstax that varies 

from carbonaceous to calcareous. Tbe carbonaceow 
siltstone has a coaly appearance, and the calcareous 
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Figure 52. Rose diagrams (dip azimuth frequency plots) of dipmeter data from the upper and lower Kulthieth 
sandstone units in the OCS Y4211 No. 1 well. Rose diagrams to the left are plots of all dips irrespective of 
inclination. The majority of dip inclinations in these diagrams are less than 5 or 6 degrees and indicate that the 
strata gently dip northwest to northeast. Rose diagrams to the right are plots of the mote steeply inclined d i p  
(2 10 degrees) that are interpreted to primarily reflect higher angle sediintary features such as cross-beddig. 
The azimuths of higher angle dips are interpreted to indicate pal-t directional trends rather than the 
regional s t~c tura l  dip of the strata. Although these rose diagrams of higher angle dips exhibit greater scatter in 
dip directions, the predominant modes suggest that paleocurrent flow was predominantly northwest and 
secondarily northst. 



Figure 53. Triangular process classification of deltaic depoaitiad system (after Galloway, 1975). Tbe Copper 
River delta in its lower reaches is a mixed wava8ominated and tidal-marhedominated delta system. 
Tokun-Kulthieth deltaic depositional systems may have been similar to that of the Copper River delta system. 

Mississippi 

Least 

siltstone is variegated reddish-brown to pak gieen and 
usually contains foraminifera msdal and others, 1976; 
Winkler and PlaBrer, 1981). Fossil data iadicate ages 
ranging from Patcoccn.0) or early Eocene to middle 
Eocene in older sections of the formation, and middle or 
early-late Eocene in younger parts and others, 
1976). Stillwater strata nrc; complexly folded and 
sheared and their relationshipe with underlying and 
overlying rock units are often obsclped (Plefker, 1971). 
Thc Stillwater Formation eppcats to qtcacnt ~tgressive 
deposition. Lower Stillwater strata were deposited in 
outer neritic to upper bathyal depth, and the upper part 
of the formation was deposited in shallower marine 
environments (Wider and Plafker, 1981). 

SEDIMENT INPUT 

Mohakam 

The Haydon Peak Formation (Winkler and others, 1976; 
Rodgers, 1987) is a 3,000-foot-thick sequence of marine 
siltstone and shale that crops out m a belt along tbe 
northern parts of the Yakataga and Malaspina districts. 
This siltstone and shale sequmce, until recently 

z 
0 
7 -. 
3 
0 

if 
z 
4 x 
3 
0 

unnamed, is thought to range firom P a l m  to middle 
Eocene age on the basis of sparse, poorly preserved 
fossils and general stratigraphic and sttuctural 
relatiombips (h4i11t1, 1957, 1971; Platker and MiUer, 
195'7; Pla&er, 1967; Addicott and Pla&er, 1971; 
W i e r  and others, 1976). Haydon Peek strata are 
predominantly dark-gray slaty ailtstone and shale with 
thin interbeds of fine-grained sandstone. Subordinate 
lithologies include silty pebble caglomerate, basaltic(?) 
tuff, and tuffaceous sandstone (PLafker and Miller, 
1957). Haydon Peak strata are relatively incompetent 
and are highly contorted and a h e a d  m some areas 
(Addicott and Platker, 1971). Tongues of c u a l - W g  
nonmarine strata similar to fbe Kulthk& Formation 
occur locally in the upper part of the Haydan Peak 
Formation and suggest a gradatid, interfingering 
relationship betweea the two formations (Miller, 1971). 
The Haydon Peak Formation rests with angular 
ummnformity on the Y h t a t  Group in its e a s t e m  
exposures along Haydon Peak (Platker and Miller, 

WAVE ENERGY FLUX TIDAL ENERGY FLUX 

0 
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1957). This area may mark the northwestern extension 
of the Dangerous River zone, as it lies along the trend of 
the zone from the Samovar Hills. East of the Dangerous 
River zone structural high, the Haydon Peak Formation 
and equivalent strata appear to be absent. 

Stillwater and Haydon Peak strata have not been 
reported in onshore wells (Plafker, 1%7; Rau and 
others, 1983; Larson and others, 1985a, 1985b). 
Offshore, only the Y0211 well drilled deeply enough to 
encounter strata of this age, but the Eocene strata in the 
well have been correlated with the Kulthieth Formation 
and the Oily Lake siltstone (Plafker, 1987). However, 
stratigraphic relationships between the poorly dated 
Stillwater-Haydon Peak strata and the Oily Lake 
siltstone are uncertain, and it is possible rhat rhese rock 
units are equivalent. 

Oily Lake Si tone  

The Oily Lake siltstone (Platlcer, 1987) occurs in the 
Samovar Hills north of the Malaspina Glacier as isolated 
exposures near Oily Lake (plate 5). The rock unit 
consists of 300 to 600 feet of dark siltstone and thin, 
locally graded, very fine-grained sandstone beds and 
minor basaltic and vitric tuffs. The sediments contain a 
sparse fauna of middle Eocene marine foraminifers 
(Plafker, 1987). The large oil and gas seeps in the Oily 
Lake area appear to be associated with the outcrop 
distribution of these rocks, which have been interpreted 
to be their source (Plafker and Miller, 1957; Plafker, 
1987). The upper and lower contacts of the siltstone unit 
are not exposed, but the outcrop distribution suggests 
that the Oily Lake siltstone is unconformably overlain by 
the Kulthieth Formation and conformably overlies the 
Hubbs Creek basalt (Platlcer, 1987). 

The Y-0211 well penetrated a 1,115-fod-thick section of 
deep-water marine (middle to lower bathyal), early to 
middle Eocene calcareous and tuffaceow shale and 
siltstone from 16,430 to 17,545 feet (plate 7) that 
Plafker (1987) tentatively correlated with the Oily Lake 
siltstone. Offshore dredging along the southern 
continental-slope edge of the Yakutat terrane between 
the Dangerous River and Pamplona zones recovered 
Paleocene(?) and Eocene outer shelf to bathyal marine 
sedimentary rocks (Plafker and others, 1980) that 
probably represent the Stillwater-Haydon Peak-Oily 
Lake section. These shaly rock units may represent most 
of the Eocene section along the distal southern to 
southwestern margins of the terrane. 

Sitkalidak Formation 

On the Prince William terrane, sedimentary rocks that 
are partly age-equivalent to the lower Tertiary sequence 
of the Yakutat terrane are included in the Eocene to 
early Oligocene Sitkalidak Formation that is exposed in 
the Kodiak Island area (Moore, 1%9). The Sitkalidak 
strata consist of massive sandstone, conglomerate, 
siltstone, and mudstone that represent deformed 
trench-fill deposits and forearc-basin-subsea-fhn 
sediments (Moore and AUwardt, 1980). 

The Temeco Middleton Island No. 1 well, located on 
the Pr ice  William terrane (plate 6), drilled through an 
Eocene to early Oligocene section (fig. 58) that has 
previously been correlated with the Tokun Formation 
(Rau and others, 1983; Larson and others, 1985b). 
However, as previously discussed in the Sitkinak 
Formation section, strata encountered in this well that 
are older than middle Miocene were probably not 
contiguous with coeval strata on the Yakutat terrane. 
Consequently, these strata are interpreted as correlatives 
of the Sitkalidak Formation of the Kodiak Island area 
rather than the Tokun Formation. 'Ibe Sitkalidak 
Formation was also drilled farther to the west on the 
Prince William terrane in the basal parts of the deeper 
Kodiak Shelf stratigraphic test wells m r  and others, 
1987), and can be correlated in the subsurface across the 
terrane to the exposures in the Kodiak Island area. 

The section interpreted to be correlative with the 
Sitkalidak Formation in the Middleton Island No. 1 well 
(plate 6) is 5,220 feet thick and consists predominantly 
of fine- to very fine-grained silty sandstone and gray to 
varicolored, argillaceous siltstone or silty claystone that 
is occasionally bentonitic. Subord'ite interbeds of 
siliceous shaly limestone and sandy conglomerate or 
conglomeratic sandstone containing pebbles of chert, 
quartzite, and metasiltstone are also present. The strata 
are interpreted as bathyal marine, a mix of occasional 
shallower water species with the predominant 
deep-marine microfossil assemblages suggests 
downslope transport of sediment from nearby slope and 
shelf regions (Keller and others, 1984, p. 486). The top 
of this section is poorly constrained biostratigraphically 
(Rau and others, 1983) and was picked from wireline 
logs at the top of a section that is sandier and more 
resistive than the overlying siltstones and shales of the 
Sitkiiak Formation-equivalent section (plate 6). 



Figure 54. Schematic Eocene paleogeography of Tokun-Kulthieth dipentation on the Yakutat terrauc. Modem mastlint and geographic kalures are 
shown for reference only; the actual position and orientation of the Yakutat t c m  during the Weogonc is uncertain. 



Lower Tertiary and Mesozoic 
basement rocks 

Basalt of Hubbs Creek and offshore equivalents 

Eocene oceanic basalts are thought to form the basement 
of the western segment of the Yakutat terrane between 
the Kayak Island zone and the Dangerous River zone 
(Plafker, 1983 and 1987; Davis and Plafker, 1986). The 
only onshore exposures of similar volcanics are in the 
Samovar Hills near exposures of the Oily Lake siltstone. 
The main outcrop consists of about 1,000 feet of 
volcanics exposed along Hubbs Creek in a fault-bounded 
block between the Kulthieth Formation and the Yakutat 
Group (Plafker and others, 1980, p. 40-42; Plafker. 
1987, fig. 1). These rocks consist primarily of volcanic 
agglomerate with subordinate basalt flows and buff, that 
are intruded by diabase sills and dikes (Plafker, 1987, p. 
243). Potassium-argon radiometric age dates of about 50 
Ma from the basalt flows indicate correlation with the 
oceanic volcanics that have been dredged from the 
present continental slope of the Yakutat terrane (Plafker 
and others, 1980; Plafker, 1987). 

The oceanic basalt flows and pyroclastic rocks that were 
dredged from the continental slope are interbedded with 
marine sedimentary rocks of late Paleocene(?) to middle 
Eocene age (Plafker and others, 1980). Potassium- 
argon dates from the volcanics indicate an age of 50 to 
55 millon years (Plafker and others, 1980). Seismic and 
offshore dredge data suggest that the W t i c  unit 
underlying the western Yakutat terrane is over 
4,200 feet thick (Bruns, 1983b; Plafker and others, 
1980, p. 11). Petrologic and geochemical data suggest 
that these basalts erupted on mid-ocean ridge segments 
and seamounts of the Kula-Farallon spreading center, 
and, as a result, they may be correlative with coeval and 
geochemically similar basalts that occur in a linear belt 
from Vancouver Island to southern Oregon (Davis and 
Platker, 1986). 

correlative with the Hubbs Creek basalt (Plafker, 1987, 
p. 243). The Dangerous River No. 1 well also drilled 
undated basaltic rocks that have been correlated with the 
Hubbs Creek basalt (Plafker, 1987). However, as 
previously discussed, this correlation is uncertain and 
stratigraphic relations suggest that the volcanics in the 
Dangerous River No. 1 well may be correlative with the 
Cenotaph Volcanics rather than the Hubbs Creek basalt. 

Some of the lower and middle Eocene rocks dredged 
offshore consist of bioclastic sandstone that contains 
fossil debris characteristic of sballow-water tropical 
carbonate reefs (Plafker and others, 1980). Similar 
calcarenite clasts are contained in tuffs and 
volcaniclastic sandstones of the onshore Hubbs Creek 
basalt (Plafker, 1987, p. 243). Evidently carbonate reef 
formation occurred either during or just prior to the 
early stages of the deposition of the lower Tertiary 
stratigraphic sequence (Plafker, 1987, fig. 13). 

Orca Group 

The Orca group is exposed throughout the Prince 
William Sound region and represents the basement rock 
of the Prince William terrane west of the Kayak Island 
zone (fig. 34a). The Orca Group contains an aggregate 
thickness of over 20,000 feet of complexly folded and 
faulted, deep-sea fan sediments and interbedded oceanic 
volcanics of Paleocene to early middle Eocene age that 
have been metamorphosed to zeolite and gresnschist 
facies msda l  and others, 1976; Helwig and Emmet, 
1981; Winkler and Plafker, 1981). 

In the Katalla area, the Orca Group consists of a lower 
volcanic unit made up of about 2,500 feet of marine 
tuff, tuff breccia, basalt and pillow basalt; a middle 
volcanic nnd sedimentary unit made up of about 

1,000 feet of interbedded sandstone, siltstone, 
volcaniclastic sandstone, agglomerate, and tuff; and an 
upper sedimentary unit of ahout 4,Mn h . t  of flyscboid 
sandstone, siltstone, and pebbly sandstone (Qsdal and 
others, 1976). Recent petrographic studies of sandstone 

The OCS Y4211 and Malaspina No. 1A wells, which 
from the Orca Group and the Upper Cretaceous Valdez 

were drilled between the basalt outcrops of Hubbs Creek 
Group of the adjacent Chugach terrane to the north 

and the oceanic basalts dredged from the continental 
suggest that the two groups may represent a single 

s lop  (fig. 33). both  netr rated mafic igneous rock- The 
scguence mh, 1988). 

Y-0211 well bottomed in a 265-foot-thick section 
(17,545 to 17,810 feet) of mafic igneous rock 
intercalated with mudstone (plate 6). In the Yakutat Bay 
area, the Malaspina No. 1A well (fig. 66) drilled 
undated mafic volcanic or metavolcanic rock in the basal 
500- to 600-foot section that overlies the 
metasediientary rocks of the Yakutat Group. The mafic 
igneous rock in both of these wells is interpreted to be 

The Middleton Island No. 1 well is the only offshore 
test in the area that may have penetrated the Orca 
Group. In the basal section of the well (1 1,460 to 
12,000 feet) (plate 6), high resistivity, density, and 
sonic-velocity well log responses are suggestive of 
highly compacted sedimentary rock approaching 



metamorphic grade. Drill cuttings from the interval 
consisted of pebbly sandstone, siltstone, and shale with 
abundant slickensided, mylonitid zones. Microfossils 
from the zone indicate a middle to possibly early Eocene 
age (Rau and others, 1983). Althougb this basal section 
of the well has been previously interpreted as probable 
Tokun Formation or equivalent (Rau and others, 1983; 
Larson and others, 1985b), it appears that it may 
correlate with the Orca Group on the basis of age, 
lithology, and induration. 

Yakutat Group 

The Yakutat Group forms the basement of the eastern 
continental segment of the Yakutat terrane between the 
Dangerous River zone and the Fairweather Queen 
Charlotte fault (fig. 34a, b). The Yakutat Group consists 
of Jurassic(?) to Cretaceous flysch and melange 
metasediments (zeolite to lower greenschist hcies) that 
are exposed in the coastal foothills of the St. Elias and 
Chugach mountain ranges between Icy Bay and Cross 
Sound (Hudson and others, 1977). The YPkutat Group is 

also exposed offshore on the continental shelf along the 
Fairweather Ground structural high and along the 
continental slope south and east of the Fairweather 
Ground (Plafker and others, 1980, fig. 3). The Yakutat 
Group is highly deformed and typically occurs in 
outcrop as fault-bounded slices that internally are steeply 
dipping, locally overturned, tightly folded, and highly 
sheared (Nilsen and others, 1984). 

cobble conglomerate and conglomeratic debris flows that 
represent turbidite and submarine-fan, forearc, or 
trench-fill deposits (Nilsen and Zuffa, 1982; Nilsen and 
others, 1984). The melange facies consists of 
greenstone, volcanic graywacke, and minor argillite, 
chert, and limestone, and contains blocks of mafic 
volcanics (Plafker, 1967; Plafker and others, 1977). The 
Yakutat Group sandstones contain abundant 
quartzofeldspathic detritus indicative of a dominantly 
plutonic provenance, whereas coeval sandstones of the 
Valdez Group of the Chugach terrane contain lithic 
detritus indicative of a volcanic provenance (Ladl and 
Plafker, 1985; Dumoulin, 1988). The clasest suitable 
provenance for the Yakutat Group sandstones is the 
plutonic and high-grade metamorphic crystalline 
complex of the Coast Mountains of British Columbia 
and southeastern Alaska (Plafker and others, 1980, 
Zuffa and others, 1980; Lull and Plafker, 1985). 

The Yakutat Group was drilled in four of the onshore 
exploratory wells in the Malaspina and Yakutat districts. 
In three of the wells, the Colorado Malaspina No. lA, 
Yakutat No. 2, and Dangerous River No. 1 (fig. 66), 
typical Yakutat Group flysch facies metaclastics were 
encountered. In the Colorado Yakutat No. 3 well, a 
carbonate section, possibly of the melange facies, was 
drilled in addition to metaclastics. The carbonate 
section, which was cored in the basal 580 feet of the 
well, consisted of hard, dense, loca11y highly fractured, 
sucrosic to cryptocrystalline limestone, that was locally 
oolitic and fossiliferous. 

The Yakutat Group flysch facies consists of dense, hard, 
poorly sorted sandstone, black argillite, and pebble and 
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6. Biostratigraphy 

Introduction 
The Gulf of Alaska Planning Area (fig. 68) has been 
penetrated by 13 offshore wells (fig. 66, table 3, and 
plate 5). One of these, the Temeco Middleton Island 
State No. 1 well, was drilled on a State lease less than 3 
miles offshore from Middleton Tsland. Another, the 
ARCO COST No. 1 well, was a stratigraphic test well 
drilled to a total depth of 5,150 feet (Bolm and others, 
1976). The remaining 11 wells were exploratory wells 
drilled on Federal leases on the Outer Continental Shelf 
(OCS). 

Seven of the offshore wells encountered sediments at 
least as old as late Miocene and these wells were 
selected for detailed discussion in this report. One of 
these, the Shell OCS YM)11 No. 1 well, bottomed in 
the lower portion of the glaciomarine Yakataga 
Formation. The other six wells drilled through the 
Yakataga Formation and penetrated underlying older 
sediments that had potential to provide more complete 
information about the geologic history and the petroleum 
potential of the area. These other wells include the 
Temeco Middleton Island State No. 1, the &on OCS 
Y-0080 No. 1, the Shell OCS Y-0014 No. 1 and 2, the 
ARCO OCS Y-0007 No. 1, the Texaco OCS YM)32 
No. 1, and the ARCO OCS Y-0211 No. 1 wells 
(fig. 66, table 3, plate 5). 

The strata encountered in these wells range in age fiom 
Holocene/Pleistocene to early to middle Eocene and are 
discussed in the order in which they were penetrated in 
each of the wells studied. The stratigraphic column east 
of Kayak Island where most of the wells were drilled 
(fig. 66, plate 5) includes, in descending order, the 
middle Miocene to Pleistocene glaciomarine Yakataga 
Formation, the late Eocene to Miocene Pwl Creek 
Formation, the Eocene To~ulthiethlStillwater 
Formation sequence, and older formations. The 
Yakataga Formation also lies at the top of the section 
west of Kayak Island, but the underlying section is 
similar to the sequence in the Kodiak Island area, which 
includes the Oligocene to Miocene Sitkinak Formation 
and the Eocene to Oligocene Sitkalidak Formation. The 

deepest section penetrated in the offshore area west of 
Kayak Island resembles outcrop of the Paleocene to 
late(?) Eocene (Plaflcer and others, 1985) Orca Group 
found along shore from Prince William !bud to the 
Katalla area (plate 5). The stratigraphy of the Gulf of 
Alaska area is discussed in detail in chapter 5 
(I ithmtratigraphy) and i s  sumrnari7d there in 
figures 33 and 34a. 

The relative time scale used in this study is shown in 
figure 55, which also includes absolute ages of epoch 
boundaries. Because the ages of many of the benthic 
foraminifera occurring in the Gulf of Alaska section are 
inferred from their ranges in the California, Oregon, and 
Washington stratigraphic sections, figure 55 also shows 
the California Cenozoic stages and relates them to the 
standard time scale. 

Several microfossil groups were used in the 
biostratigraphic analysis of these wells. Of primary 
importance were foraminifera, followed by calcareous 
nannofossils, dinoflagellates, and siliceous microfossils 
(diatoms, ebridians, and silicoflagellates). Pollen and 
spores were useful for paleoenvironmental analysis. 
Radiolaria and rare ostracodes were present but of 
limited biostratigraphic usefulness. 

Benthic foraminifera are h e  most abundant and 
persistent microfossils present in all of the wells. 
Individual benthic species proved useful for determining 
some of the biostratigraphic tops, particularly in the 
Eocene section. The benthic foraminifera assemblages 
were of primary importance in determining 
paleobathymetry. The paleobathymetric divisions used in 
this report (fig. 56) are inner neritic (0 to 60 feet), 
middle neritic (60 to 300 feet), outer neritic (300 to 
600 feet), upper bathyal(600 to 1,500 feet), middle 
bathyal (1,500 to 3,000 feet), and lower bathyal 
(3,000 to 6,000 feet). 

Planktonic foraminifera assemblages in the PIeistocene 
section are characterized by abundant, lowdiversity 
populations consisting primarily of Neogloboquadrina 
pchydenna. This species also dominates the Pliocene 



section, but in lesser abundance, and is present in the 
late Miocene section as well. Trends in the coiling 
directions of Neogloboquadrina pachyabma populations 
were used to establish the biostratigraphy of most of the 
Pliocene and Pleistocene sections. The coiling direction 
of the shell (test) of this species is either a clockwise, 
right-coiled trochospiral or a counter-clockwise, 
left-coiled trochospiral. The direction of coiliig is 
related to the temperature of the water column in which 
the individual foraminifera lived. At temperatures above 
7 to 9 degrees Centigrade (45 to 48 degrees Fahrenheit), 
right-coiled forms make up 90 percent or more of the 
population; below this temperature, leftcoiled forms 
compose 90 percent or more of the population (Ericson, 
1959; Bandy, 1%0; Kennett, 1976). Through time, the 
history of coiling-ratio trends of medium- to 
high-latitude populations of this species track oceanic 
warm- and cold-water oscillations caused by late 

Miocene, Pliocene, and Pleistocene glacial-interglacial 
paleoclimate changes. Because of this, Neogloboqukina 
p a c h y h  coilingdirection trends can generally be 
used to determine age by comparing them with a 
standardized coiling-trend curve (fig. 57), as was done 
for the Pliocene and Pleistocene sections of the Gulf of 
Alaska wells. 

Although planktonic foraminifera in the Gulf of Alaska 
section are generally scarce below the Pliocene, they are 
more taxonomically diverse. They were important in 
subdividing the Miocene and Eocene sections, and were 
also used in determining the boundaries of the Oligocene 
section. 

A listing of the foraminifera species observed in this 
study is provided in appendix A. 

Dinoflagellates and calcareous 
nannofossils were the most useful 
microfossil groups in the Oligocene 
section. They were also usell  in the 
Eocene and Miocene sections and, in 
some cases, the Pliocene section. 

Siliceous microfossils (diatoms, 
silicoflagellates, and ebridians) are 
generally scarce in the offshore Gulf of 
Alaska wells studied except in the upper 
portions of the Shell OCS Y-0011 No. 1 
well. They are also somewhat more 
abundant in the Gulf OCS Y4059 
No. 1 well (fig. 66, table 3, plate 5), 
which was not included in this study 
because at its total depth of 12,170 feet 
it was still b the Pliocene (Anderson, 
Warren, and Associates, Inc.. 1977b, 
report provided by Gulf Oil 
Corporation). Siliceous microfossils 
were biostratigraphically significant 
only in the subdivision of the Fliocene 
and Pleistocene. They were of little 
significance below the Plio-Pleistocene 
because they were very scarce in the 
Miocene and, with the exception of 

Figure 55. Cenozoic epochs related to 
California marine stages. Adapted from 
Kleinpell and others (1980), Harland 
and others (1990), and Prothero and 
others (1990). 
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unidentifiable pyritized pseudomorphs, altogether absent 
deeper in the section. 

The general scarcity of silicam microfossils in the Gulf 
of Alaska section may be related to a variety of factors. 
Diatom productivity may have been relatively low 
throughout the Gulf of Alaska area during much of the 
deposition of the Yakataga Formation because of factors 
such as glacio-eustatic fluctuatians of sea level, high 
turbidity, and the variable presence of ice cover over the 
continental shelf. In addition, the siliceous microfossils 
that are initially preserved in a glaciomarine 
environment such as this area of the Gulf of Alaska are 
probably volumetrically insignificant in the rapidly 
accumulating glaciomarine sedilllents. It also appears 
possible that some of the siliceous microfossils originally 
present in the lower parts of the Yakataga Formation 
and in underlying older rocks may have been lost as 
increasing burial depth resulted in heat- and 
pressure-relared diagenesis that destroyed their opaline 
wall structure (Hein and others, 1978). This may have 
been what happened in the Miocene and older section in 
Lhr: Bering S w  (Turner tmd &rs, 1984). 

Where noted in the text, the a b w  of microfasil 
species observed in the well samplcs arc referred to as 
absent (none), isolated (1 specimen of a given species 
per sample), rare (2 to 10 specimens per sample), 
frequent (1 1 to 32 specimens per sample), common 
(33 to 100 specimens per sample), abundant (101 to 
320 specimens per sample), and very abundant (more 
than 320 specimens per sample). 

Several types of well sample material were examined for 
micropaleontologic analysis. Aggregate samples of 
rotary drill bit cuttings (cuttings or ditch samples) 

F i r e  56 (left). Bathymetric zonation of the 
marine environment, including the paleodepth 
designations used in this report. Vertical 
distances are not to scale. 
Figure 57@elow). Idealized paleoclimatic curve 
showing the predominant coiling d m t i w  of 
Neogloboquadrina pachydenna through time in 
the North Pacific. Adapted from Keller and Ingle 
(1981) and Lagoe and Thompson (1988). 

recovered from circulating drilling mud were examined 
for each -foot interval in the OCS Y-0007 No. 1 and 
OCS Y-2 No. 1 wells. Cuttings samples from the 
OCS Y-0 No. 1, OCS Y-0014 No. 1 and 2, and 
OCS Y4211 No. 1 wells were examined at 30- to 
90-foot intervals. Cuttings samples fiom the Middleton 
Island State No. 1 well were examined at 6& to 180-foot 
intervals (Rau and others, 1983; Keller and others, 
1984). Conventional core samples were also available 
for study in the OCS Y-0080 No. 1, OCS Y4011 
No. 1, and OCS Y-0211 No. 1 wells. Sidewall cores 
provided some micropaleontological data for the OCS 
Y-0011 No. 1 well. 



The depths given for all samples were measured from 
the rotary kelly bushing on the drill rig floor. The depth 
at which a particular microfossil is first encountered in 
the course of drilling is termed its highest occmnce in 
the well; the deepest point at which it is encountered is 
termed its lowest occurrence. In cuttings samples, 
highest (also referred to as latest or last) occurrences are 
the most stratigraphically reliable because they are more 
likely to consist of material that was in place. Lowest 
occurrences, on the other hand, are less reliable because 
they may represent loose material that has fallen, or 
caved, from a point higher up in the hole to a well depth 
that is below its actual lowest stratigraphic (earliest or 
first) occurrence. Highest occurrences can also be 
unreliable, however, if specimens have been eroded 
from older rocks and re-deposited, thereby indicating an 
erroneous (older) age for the sediits in which they 
are now found. Such specimens are referred to as 
reworked. Specimens recovered from conventional 
cores, and to a slightly lesser degree from sidewall 
cores, are generally considered to be the most 
blostratigraphically reliable because their actual 
stratigraphic depth is known. 

The top several hundred feet of each of the offshore 
wells was not sampled because of rapid drilling rates 
and caving of poorly consolidated material from the 
walls of the upper portions of the borehole. Collection 
of cuttings generally began at a depth where the upper 
part of the well was first stabilized by the insertion of a 
casing that reduced the pussib'rlity of sample 
contamination by caving. 

Unprocessed material from the wells examined for this 
study, including cuttings samples, mud loggers' 
samples, and core samples, are stored at the State of 
Alaska Gcologic Materials G n k r  in Eagle River, 
Alaska. These samples are available by appointment for 
examination on the premises. 

In this study, the Gulf of Alaska Pleistocene section is 
subdivided into early and late intervals only, as opposed 
to the early, middle, and late divisions of some authors 

(Harland and others, 1990). This is because the 
microflora taxa (diatoms, siliwflagellates, and 
calcareous nannofossils) needed to differentiate the 
middle Pleistocene section either were not recovered, or 
provided conflicting evidence because of caving or 
reworking. The early-late subdivision of the Gulf of 
Alaska Pleistocene section that is used here is principally 
derived from the coiling curves of the planktonic 
foraminifera Neogloboquadrina pachydemta (fig. 57). 
Neogloboquadrina pachyabma populations underwent a 

change of coiling directions from dextral (warm water) 
to sinistral (cold water) during a paleoclimatic transition 
in the mid-Pleistocene (fig. 57) near the top of the 
Matuyama magnetically reversed epoch, at 
approximately 0.8 million years before present (Lagoe 
and Thompson, 1988). This coiling change is apparent 
in the Neogloboquudrina pachydermu populations in the 
Gulf of Alaska wells and is used to divide the Gulf of 
Alaska Pleistocene section into early and late intervals. 

This planktonic-foraminifera* division roughly 
corresponds with mid-Pleistocene biostratigraphic 
divisions based on some of the other microfbssil groups. 
In the zonation of calcareous nannofossils, it is 
approximately equivalent to the top of the Crenu1ih.s 
doronocoides zone (Buluy, 1975) and the top of the 
Pseudoemiliunia l a m s a  zone (Perch-Nielsen, 1985a), 
possibly falling within the lowermost portion of the 
overlying Gephyrocapsa oceaniw zone (Bukry, 1975; 
Perch-Nielsen, 1985a). In the diatom zonation, it is 
approximately equivalent to the top of the Actinocyclur 
o c u l a ~  zone, possibly falling within the lowermost 
portion of the overlying Rhizosolenia m - r b  zone 
(Barron, 1980, 1985). In the zonation of 
silicoflagellates, the planktonic-foraminifera* 
division is approximately equivalent to the top of tbe 
Distephaw speculum zone of the Nortb Sea (Martini 
and Muller, 1976) and the top of the Mesocena 
quadrangula zone (Perch-Nielsen, 1985b), or falls just 
within the lower portion of the overlying Distephanw 
octangulatus zone (Martini and Muller, 1976) or its 
equivalent, the Dictyocha aculeata aculearcl zone 
(Perch-Nielsen, 1985b). 

In addition to the information gained from examination 
of well samples and identification of benthic and 
planktonic foraminifera, bryozms, and calcareous, 
siliceous, and phosphatic biotic fragments, data for this 
chapter were also gathered fiom Minerals Management 
Service reports, consultant reports, and a wide range of 
geological literature. Identification and primary 
interpretation of the foraminifera in the OCS Y4007 
No. 1 and OCS Y-0032 No. 1 wells was done by Ronald 
P. Turner (1977, 1978) of the Minerals Management 
Service, Alaska OCS Region. The identification of 
siliceous microfossils in the OCS Y-0080 No. 1, OCS 
Y-0007 No. 1, OCS Y-0032 No. 1, and OCS Y-11 
No. 1 wells was done by Donald L. Olson, also of the 
Minerals Management Service, Alaska OCS Region. 
Identifications of dinoflagellates and pollen in a large 
group of samples from the OCS Y-0080 No. 1 well were 
provided in a report done by the Bujak Davies Group 
(1988). Identifications of calcareous nannofossils from 
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selected intervals in the OCS Y-0080 No. 1, OCS 
Y4CKl7 No. 1, and OCS Y a 3 2  No. 1 wells were 
provided in a report by W. H. Akers (1988). Jacobson 
and Akers (1985) provided identifications of 
dinoflagellates and calcareous nannofossils in a large 
suite of samples from the OCS Y-0007 No. 1, OCS 
Y-0032 No. 1, and OCS Y4211 No. 1 wells and a 
smaller grouping of samples from the OCS Y-0080 
No. 1 well (Jacobson Consulting, Inc., 1985). 
Identifications of foraminifera, siliceous microfossils, 
and calcarwus nannofossils in the OCS YM)11 No. 1 
well were provided by Shell Oil Company in a report by 
Anderson, Warren, and Associates, Inc. (1977a). R. S. 
Boettcher of Micropalw Consultants, Inc., provided 
identifications of foraminifera from selected intervals in 
the OCS Y-Wl80 No. 1 and OCS YUZ11 No. 1 wells 
(personal commun., 1990). Identifications of 
foraminifera and calcareous nannof08sils in the 
Middleton lsland State No. 1 well were taken from Rau 
and others (1983) and Keller and others (1984). The 
data from all of the supplementary sources were to some 
degree interpreted or reinterpreted by rhe aurhor. A 

sizeable portion of the author's identification of 
foraminifera and other biotic constituents from the OCS 
Y4211 No. 1 well was done from picked slides of 
foraminifera reposited at the Alaska State Geological 
Materials Center in Eagle River, Alaska. 

The means for identification and detection of age 
ranges of microfossil species emmmtered in the offshore 
Gulf of Alaska well samples were provided by several 
principle references. Identifications and 
paleoenvirorunental determinations of Oligocene to 
Recent Gulf of Alaska benthic foraminifera were 
dependent in part upon Bergren and 07Neil(1979), 
Echols and Armentrout (1980), and Lagoe (1983). 
Planktonic foraminifcta idcntificatim and agc 

determination was facilitated by reference to Postuma 
(1971), Stainforth and others (1975), Kennett and 
Srinivasnn (1983), Bolli nnd Snundexs (1985), Jenkins 
(1985), Toumarkie and Luterbacher (1985), and 
Hornibrook and others (1989). Ages for calcareous 
nannofossils were largely based on Bukty (1973, 1975) 
and Perch-Nielsen (1985a). Diatom age ranges were 
derived from Barron (1980, 1985), and age ranges of 
silicoflagellates were determined largely from Martini 
and Muller (1976) and Perch-Nielsen (1985b). 
Dinoflagellate age ranges were determined by referring 
to Bujak (1984), Williams and Bujak (1985), Matsuoka 
and Bujak (1988), Lentin and Williams (1989), and 
other literature sources. 

Tenneco Middleton Island State 
No. 1 well 
The Tenneco Middleton Island State No. 1 well is 
located in State of Alaska waters less tban 3 miles 
offshore from Middleton Island on the Middleton shelf 
segment of the western part of the Gulf of Alaska S* 
area (figs. 2 and 66, plate 5). It is the only offshore well 
in the western part of the area and is reviewed here to 
develop a better overview of the Middleton shelf 
subsurface stratigraphy for comparison with the Gulf of 
Alaska OCS wells M e r  to the east. 

The Middleton Island State No. 1 well was drilled in 
60 feet of water to a total depth (TD) of 12,000 feet. All 
well depths were measured from the kelly bushing (KB), 
71 feet above mean sea level. The well encountered 
glaciomarine tillites, sandstones, and siltstones 
characteristic of the late Miocene to Pleistocene 
Yakataga Formation from the seafloor to 2,065 feet 
(fig. 58). Below this (figs. 34a and 58), the well 
penetrated strata that appear to be more related to the 
stratigraphic section of Kodiak Island and the Kodiak 
shelf COST wells (fig. 67 and table 2; Turner and 
others, 1987) than that of the central Gulf of Alaska 
section to the east (see chapters 5 and 3). Accordiogly, 
Kodiak Islandntodiak shelf stratigraphic nomenclature is 
used to describe the Middleton Island State No. 1 well 
stratigraphic section below 2,065 feet (fig. 58). From 
2,065 to 6,240 feet, the well encountered Oligocene to 
Miocene sediments similar to those of the Sitkinak 
Formation; from 6,240 to 11,460 feet, lithologic, 
palwntologic, and well log data suggest the sediments of 
the Sitkalidak Formation. From 11,460 feet to 12,000 
feet (TD), the well encountered well-indurated siltstones 
that appear to be equivalent to the early Paleogene Orca 
Group that forms the base of rhe Tertiary section 
throughout most of the .Middleton shelf segmentPrhce 
William Sound area of the Prince William t e r n  (fig. 2 
and plate 5). 

The Middleton Island State No. 1 well was drilled over 
20 years ago and sample material from it was not 
available to the Minerals Management Service for 
examination. Because of this, the biostratigraphic 
interpretation shown here for this well is derived fiom 
data presented in Rau and others (1983) and Keller and 
others (1984). Most of the biostratigraphic Lops are 
based on planktonic foraminifera and calcareous 
nannofossil data from Keller and others (lW), and 
most of the palwbathymetric interpretations are based 
on benthic foraminifera data from Rau and others 



(1983). Paleobathymetric terms used and their depth- 
range equivalents are shown in figure 56. 

On the basis of rare benthic foraminifera, Rau and 
others (1983) concluded that the well was Narizian 
(middle Eocene) from 8,590 to 10,560 feet, and 
Penutianv) and Ulatizian (early to middle Eocene, 
fig. 55) kom 10,560 to 12,000 feet (TD). Ranktonic 
foraminifera and calcareous nannofossil assemblages 
identified by Keller and others (1984) indicate a younger 
age for the lower part of the well, however, and these 
assemblages are the provisional basis for our age 
interpretation. One other well in this study, the OCS 
Y-0211 No. 1 well, contained a planktonic foraminifera 
assemblage that was useful for the subdivision of the 
Paleogene section. 'I'here is little in cornman, however, 
between the Paleogene planktonic assemblages in the 
two wells: the Middleton Island State No. 1 well lacks 
an Oligocene fauna, the late Eocene species present in 
the OCS Y4211 No. 1 well (Globigertta sp. cf. G. 
eocaena and Globorotalia trrdita) are absent in the late 
Eocene section of the Middleton Island State No. 1 well, 
and the Middleton Island State No. 1 well did not 
penetrate the middle Eocene and early to middle Eocene 
sections that contained the most diverse planktonic 
assemblages in tbe OCS Y-0211 No. 1 well. 

Late Miocene to Pleistocene 

The unsampled internal from the seafloor to 720 feet in 
the Middleton Island State No. 1 well is late Miocene to 
Pleistocene in age based on tbe age of the underlying 
internal. From 7243 to 2,065 feet, the section is late 
Miocene to Pleistocene in age based largely on b' 
lithology (glaciomarine Yakataga Formation). Above 
1,725 feet in this interval, the section is nearly barren of 
microfossils. Only rare benthic foraminifera, including 
Carsidulina cal~ornica, Elphidiaim A, Elphidie& 
oregonense, EpistomirreIlapaci&a, and Uvigerina 
yobei, were described from 1,725 to 2,050 feet. These 
species are common in the Yakataga Formation 
throughout the study area. 

The meager fauna from 720 to 1,725 fee$ suggests 
possible inner to middle neritic paledephs (fig. 58). 
From 1,725 to 2,065 feet, paleodepths may have been 
outer neritic. 

Probable Early to Middle Miocene 

From 2,065 to 3,060 feet, the section is probably early 
to middle Miocene based on the occurrence of the 
planktonic foraminifera Globorotalia psedokugleri (no 
younger than early early Miocene) at 2,920 feet, and on 

a benthic foraminifera fauna typical of tbe Saucesian to 
Relizian (early to early middle Miocene; see fig. 55 for 
California stage names and equivalent ages). This fauna 
includes species such as Anomlina globrata, 
Cassidulina sp. cf. C. crassa, C. crassipumaa, 
Cibicides sp. cf. C. elmaensis, Glondulina kzevigata, 
Gyroidina soldanii, Melonk zaandamae, Onhbrsalis 
umbonatus, Pull& salisburyi, and several arenaceous 
taxa (Rau and others, 1983). Also present is Bulimtta 
i n z  alligata (Keller and others, 1984). 

Paldepths for the interval were upper bathyal (fig. 58). 

The eeotion from 3,060 to 7,700 kt is undiffi;reutiahI 
Oligocene (Zemorrian, fig. 55). There were no 
agediagnostic planktonic foraminifera or calcareous 
nannofossile recorded fm tbe interval. 

The benthic foraminifera iuna present is a long- 
ranging, deep-water, Refugian Zsmorrian (late lkccac 

to Oligocene, fig. 55) assemblage that inch& 
Anomalina califrniensk, Buccella rnimjieldi 
oregonensis, Buliminella subj%Sjomris, Cibibicides sp. cf. 
C. elnraensis, C. hadgei, Elphidium sp. cf. E. minurum, 
Globobulimina sp., Globocassidulina globosa, 
Gyroidina orbicularis pkznutu, Qu-oculh sp. cf. 
Q. imperialis, Quinquetoculh sp. cf. Q. we&, 
Uvigerina garzaensis, and several arenaceous species. 
Rau and others (1983) also noted the occurrence of 
Cassidulina sp. cf. C. galvinensk and Uvigerina sp. cf. 
U. cocoaensb. These latter species are normally 
associated with early to middle Refugian (late Eocene) 
sediments, although Rau and others (1983) contend that 
since a large number of the species in the assemblage 
were of Zemorrian (Oligocene) age. tbe section waq 

most likely Zemorrian. 

Paldepths for the interval were upper to middle 
bathyal (fig. 58). 

Late Eocene to Early Oligocene 

The section from 7,700 to 10,520 ht is late Eocene to 
early Oligocene (Refugian to earliest Zemorrian) in age. 
The upper boundary is loosely based on the O C C ~  

of a "bloom* of the calcareous nannofmsil 
Braarudosphaera sp. reported by Keller and others 
(1984) at 7,700 feet. According to Keller (1983), this 
event has been noted in the early early Oligocene of 
deep-sea sequences and may be indicative of that part of 
the section. No additional age-diagnostic planktonc 
occurrences were noted within this section of the well. 
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TENNECO MIDDLETON ISLAND STATE NO. 1 WELL 

WELL DEPTH 
(feet) 

O-KB 
71-Sea Level O 

131 -Sea Floor 

720-First Sample 
1,000 

1 I 

Additional benthic foraminifera species in the interval Late Late Eocene 
include Cibicides spiropuncta~, J P i r o ~ ~  sp. 
cf. S. tejonenris, and Uvigerina cluachi, along w i t .  
Alabamina sp., Globobulimina sp., Gyroidha 
orbicularis planata, Oridorsalis umbamlw, and 
Uvigerina sp. cf. U. cwc~rwir, and several aremuxmus 

species. Also present were the nesitic species 
Asterigerina crass~ormis and Discorbis sp., which were 
probably transported downslope (Rau and others, 1983). 
Below 8,770 feet, Eggerella ehgata, 
Praeglobobulimina pupoiaks, Sigmomotphh schenki, 
and Spiroplectammina dire- are also present (Keller 
and others, 1984). 

Paledepths for the interval were upper to middle 
bathyal (fig. 58). 

F i r e  58. Biostratipphy and 
paleodepth curve for the 
Tenneco Middleton Island State 
No. 1 well. All depths are 
measured from the kelly 
bushing (KB), 71 lkt above 
mean sea level. Interpfetatian 
based on data published by Rau 
and othera (1983), Keller and 
others (1984), and Pla&er and 
others (1985). The well 
location is shown in figure 66. 

The section from 10,520 feet to 31,260 feet is late late 
Eocene (Refugia) in age based on the higbest 
occurrence (10,520 feet) of the planktonic foraminifera 
Globige~ina haperta, which ranges no higher than the 
top of the Eocene. Other planktonic speciea in the 
interval include Catapsydrm dissimilis, Globigertra 
mgiporoides, and Globigerina praebdloides. 
Globigerina utilishab, a species that is restricted to the 
latest Eocene and early Oligocene (Keller, 1983), is also 
present. 

Also occurring in the interval are the calcareous 
nannofossils Dictyococcites bisecncs (10,600 feet) and 
Reticulosphaera uinbiliaa (10,620 feet). 



Several additional benthic foraminifera occur in this 
interval, h W m g  Allomorphinu sp., Ammdkm 
incertus, Ammodiscus sp. cf. A. turbinatus, Ammalina 
sp. cf. A. danvillemis, Cibicides sp. cf. C. 
martinezensir, Eponids sp. cf. E. minuta; G h a p i r a  
charoides corona, Karreriella chapmemis, K 
monumentemis, Lenticuina spp., Pullenia sp. cf. P. 
bulloides, Pulleda sp. cf. P. eocenim, 
SpiroplecMmmkta directa, and Valwlineria sp. cf. V. 
chiai.  

Paldepths for the interval were upper to middle 
bathyal from 10,520 to 10,560 feet and middle to lower 
bathyal from 10,560 to 11.260 feet (fig. 58). 

Early Late Eocene 

The section from 11,260 feet to 12,000 feet ('I'D) is 
early late Eocene (early Refugian) in age based on the 
highest occurrences of the planktonic foraminifera 
Globorotaloides mrcoselleemk (1 1,260 feet), which 
ranges no higher than the early late Eocene. Also 
present is Globigerinatheku s e ~ ~  (1 1,950 feet), 
which is restricted to the early late Eocene. Other 
planktonic foraminifera in the interval inciude 
Cktapsydrax dissimilis, Globigerinu angiporoides, G. 
linaperta, G. praebulloides, G. uti l ishh (caved?), and 
Globorotalia optna m. 

The calcareous mmofmil Chiarmolithw gradis at 
11,940 feet ranges no higher than the early late Eocene. 
Discoaster bahdiemis (11,920 feet), which is 
restricted to the late Eocene, also supports an age no 
older than early late Eocene. Otber c a l m  
nannofossils in the interval include Dictyococcites 
bisectus, D. scrippsae, and Reticulosphaera umbiliw. 

The benthic foraminifera assemblage is similar to that of 
the overlying interval, 

hleodepths for the interval (fig. 58) were middle to 
lower bathyal from 11,260 to 12,000 feet ('I'D). 

According to Rau and others (1983), the benthic 
foraminifera huna of the interval from 10,520 to 
12,000 feet (TD) indicates a possible early to middle 
Eocene age (Penutian to Narizian, fig. 55). However, 
the presence of planktonic species with published age 
ranges that are no older than the late Eocene, such as the 
foraminiftra Globigerina angiporoides, or that are 
restricted to the late Eocene, such as the foraminifera 
Globigerinatheku stmiinvolusa and the calcanwus 

nannofossil Discoaster ba&dksis (Keller and others, 
1984), indicates a late Eocene age for the interval. 

The section from 11,460 to 12,000 fket ('I'D) appears to 
be part of the Orca Group based on lithology (see 
chapter 5). Paleontologic and radiometric age data fiom 
onshore outcrops show the age of the Orca Grwp to be 
Paleocene to early middle Eocene (Plafker and others, 
1985). However, radiolarians and calcareous 
nannofossils fmm various onshore outcrop assigned to 
the Orca Group bave indicated ages as young as late 
Eocene and possible Oligocene (Flafker and others, 
1985), which is compatible with the age of the section in 
the lower part of the Middleton Island State No. 1 well. 
These onshore outcrop and the early late Eocene "Orca 
Group" section in the well may be part of a younger 
Orca Group facies or an as yet undescribed late Eoceae 
(to possible Oligocene) sequence. 

Exxon OCS Y-0080 No. 1 well 
The Exxon OCS Y-0080 No. 1 well was drilled in 
448 fk& of water to a TD of 13,507 feet. All depths 
were measured from the kelly bushing (KB), 82 feet 
above mean sea level. The well encountered the 
Yakataga Formation from the seafloor to 8,470 feet, and 
penetrated the Pod Creek Formation from 8,470 feet to 
TD (fig. 59). 

Pleistocene 

From the seafloor to 6,120 feet the section is Pleisbam 
in age, with the late Pleistocene section extending h m  
the seafloor to 4,560 feet and the early Meistocene 
section extending from 4,560 to 6,120 feet. Ages for the 
Pliocene and Pleistocene sections in this well are based 
on diatnm occurrences and on coilingdition trends of 

the planktonic foramintkra Neogloboquairina 
pachyderms. 

Late Pleistocene 

No samples were recovered in the interval from the 
seafloor to 2,090 feet, which is assigned to tbe late 

Pleistocene on the basis of its stratigraphic position 
above the underlying interval. From 2,090 to 4,560 feet, 
the section is late Pleistocene in age based on 98 to 
100 percent sinistrally wiled populations of 
Neogloboqwdrina pachyderms that indicate the cold- 
water conditions of the late Pleistocene (fig. 57). l'he 
planktonic foraminifera assemblage of this interval also 
includes frequent to abuadant Globigerino bulloides and 
rare occurrences of Neogloboquadrina dutertrei, 
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Globigerinoides conglohw, and Globigerina 
quinqueIotxl. 

Two diatom species witbin this interval, Massioswa 
sp. cf. T. niddus at 2,400 feet and Rhizosolenia sp. cf. 
R. curvbwtris at 3,120 feet, range only as high as the 
early late Pleistocene (Barm, 1980, 1985). These 
occurrences are used to subdivide the late Pleistocem 
kterval i n i  early a&late segments at 2,400 fket With 
the exception of these diatom species, the Pleistocene 
section contains no agediagnostic microflora. Rare to 
common discoidal (spongodiscid) and spheroidal 
(cenospbaerid) radiolarians are also piesent in the late 
Pleistocene. 

Benthic foraminifera in the late Pleistocene section 
include Bolivina inrerjuncta, B. spisso, Buccella fiigida, 
Buccelh sp. cf. B. inusitata, B. tenerrima. Cassidulina 
cdifornica C. cushmani, C. &Iiaakz, C. iskmdim, C. 
limbata, C. minura, C. norcrossi, C. rejhu, C. teretir, 
Cibicidesfletcheri, C. ldxdus,  Cibicia'es sp. cf. C. 
mckannai, Cyclammina canceUata, Cycknnmh sp. cf. 
C. pac~$ica, Dentalinu c a l i f o h ,  D. fiobisherensis, D. 
baggi, Eggerella sp., Elphidium bartletti, E. chams, 
E. fiigidum, E. incertum, Elphidielh m&, E. 
oregonenre, E. sibirica, ~ I h ~ ,  
Epnides subtener, Globobulimim pncjfiw, Gyrokha 
sp. cf. G. soldanii, Haplophragmoides spp., 
H y p e r d  sp., Karrerielh sp., Lagena dm, 
Martinottiella comnuurk, NonheIla araiarlo, N. 
labradorica, Protelphidium orbicuIate, Quhqueloculina 
sp. cf. Q. b i a n a ,  Q. seminula, TrjkinapuenS, 
Triloculina trihedra, Uvigerim sp. cf. U. &rim, U. 
cushmani, U. juncea, U. peregrina, and ValvuIinerh 
glabra. Also present in the assemblage near the base of 
the late Pleistocene interval are Bulimim sp. cf. B. 
subucurnbutu, B. tcnuutu, ChsiaWim bmkwir, 
Elphidium sp. aff. E. incertum, ElphidieUa 
groe-, and Lenticulina sp. cf. L. &alus. 

Benthic foraminifera did not serve as the basis for any of 
the biostratigraphic tops in the Pliocene and Plehxem 
sections of the woll, although tboy were useful for 

paleobathymetric determinations. 

Dinoflagellates are sparse thm@mt the Plektocene 
section, with rare occurrema of A c h o m o ~ a  
ratndifera, FilisphaerajZjera, bnpagidinha 
japnicum, 0percxdwW.m sp. cf. 0. c e n t r w ,  
Spiniferites membranaceous, and S. r m s m  rammu. 

Molluscan shell iingments, echinoid spines and 
fragments, and rare barnacle plate fkagments are also 

present in the late Pleistocene section. Fragments of the 
erect bryoman Myriozoum subgracile, a neritic to upper 
bathyal species that has been reporttd firom Recent 
sediments on Albatross Bank east of Kodiak Island 
(Cuffey and Turner, 1987), were also found at 
3,210 and 3,750 feet. 

Paldepths in the late Pleistocene section were outer 
neritic to upper bathyal from 2,090 to 3,090 W, and 
outer neritic to upper bathyal, upper to middle bathyal, 
and upper bathyal between 3,090 and 4,560 feet 
(fig. 59). 

Cool temperate, possibly humid t e d  climates 
during vegetated intervals in the late Plchkxme section 
are indicated by the presence of pollen from birch 
(Benrlaceoip0rrenite.v or TrivescibulopoUenite,?), spruce 
(Piceupollenires), pine (PinuspU+), and hemlock 
(Tsugaepollenites) . 

Early Meis- 

From 4,560 to 6,120 feet, populations of firequent to 
abundant NeogIoboquadrina padiyderma genetally 
include 10 to 20 percent dextrally coiled forms, possibly 
indicating warmer water. Because this is the d y  
interval in the well that consistently a t a h  elevated 
proportions of dextrally coiled Neogloboqu&ina 
p a c h y h  it is assigned an early Pleistocene age (fig. 
57). Although the assemblages in this iutmal do not 
contain the 90 percent or greater pmjmtion of dextrally 
coiled forms 6bserved in temperate waters of modern 
oceans (Ericson, 1959; Bandy, 1%0, Keaaett, 1976), it 
is possible that they reflect sporadic emmnchments of 
early Pleistocene warmer water masses into the Gulf of 
Alaska area along a fluctuating warm water-cold water 
front. 

The remainder of the planktonic foraminifera 
assemblage in the early Pleistocene m t e d  is similar to 
that of the late Pleistocene, along with isolated 
occurrences of GIoborotalia luunerm humerosa. A 
specimen morphologically transitional betwten the 
Globorotalia sp. cf. G. pseudopima and 
Neoglobogmdrina mCrertrei is also present ai 5,640 feet. 

The benthic foraminifera assemblage in the early 
Pleistocene section is also similar to that of the late 
Pleistocene, but includes the additional specie8 Bulimina 
sp. cf. B. exilis, B. mexiam, Cizssidulincr sp. cf. C. 
laevigata carinara, C. subglu&o.ua, Cibicides sp. aff. C. 
conoideus, +ium sp. cf. E. discoidale, Gyro&a 
sp. cf. G. condoni, Melonis bmleearurm, M e h i s  sp. cf. 



M. zaandomae, Nmion sp. cf. N. incrassitas, 
Nonionellu basispinata, N. ftnbriata, Oolina sp. cf. 0. 
aplwpleura, Oolina melo, PlunuZina sp. cf. P. 
alaskense, Pseudoglandulina hvigota, M h i u  
bulloides, P. salisburyi, and Tri,farina hughesi. 

Rare diatoms and rare spongodiscid and cemsphaerid 
radiolarians are also present. 

Paleodepths in the early Pleistacem were mainly outer 
neritic to upper bathyal, with shorter intervals of upper 
to middle bathyal (fig. 59). 

Below 4,650 feet in the early Pleistocene interval, the 
addition of Sequoia group pollen 
(TMOdiaceaepdlenites), blue beech (Carpinipites sp. cf. 
C. spacRnronirma), and Quercoidites microhe& to the 
assemblage indicates a somewhat milder climate. 

Pliocene 

The interval from 6,120 to 8,470 feet is Pli-e in ago 
on the basis of wilingdirection treads in populations of 
the planktonic hd fe ra  Neogloboqmdrina 
pachyhma, with the division between early and late 
Pliocene placed at 8,400 feet. 

Late P k m e  

The section from 6,120 to 8,400 feet ia late Pliocene m 
age on the basis of predominantly sinistrally wiled, 
cold-water populaticms of Neogloboqucuktta 
p a c h y h  (fig. 57) that are common to abundant from 
6,120 to 6,570 feet and sparse from 6,570 to 8,400 faet. 
Additional planktonic foraminifera present in the late 
Pliocene section include Globorotaliu sp. cf. G. 
pseudopima at 8,280 feet, and Neogloboquadrh sp. cf. 
N. manot at 7,560 feet. The latter species nrnges no 
higher than the Pliocene in h e  Ventura Basii section of 
California (Lagoe and Thompson, 1988). 

Additional benthic foraminifera appearing in the 
Pliocene section include Carsidulina sp. cf. C. 
quadrats, Cribmiwnh sp., Cribrostumoidcs sp., 
Epistominelka sp. cf. E. pulcklla, E. &hi, Fisissurina 
pelucida, Haplophmgmoidar spp., Pullenia malkhae, 
Quinqueloculh sp. cf. Q. arctica, Uvigerina sp. aff. 
U. hootsi, and Uvigerina juncea. Elphidiella simplsc, a 
species noted by Voloshinova and others (1970) in the 
Miocene section of Sakhalin Island (eastern Russia), was 
found at 8,280 feet, along with Cribroelphidium 
mapsum, ElphidieIla sp. cf. E. ar&, and Nmwnella 
sp. cf. N. stezlatcl. 

The pollen assemblage in the Pliocene section is similar 
to the early Pleistocene assemblage, with the addition of 
rare specimens of elm (Ulmipollenites rmdulosus), 
Pachysandra sp., and willow (Sal@ollertites 
discolor&ites), along with decreased populations of 
hemlock (TsugaepoUenites) and the Sequoia group 
( T d i a c e a e p o M )  . 

Paleodepths in the late Pliocem section were mostly 
outer neritic to upper bathyal, with middle to auks 

neritic conditions at 7,020 to 7,290 feet and 7,920 to 
8,100 feet (fig. 59). 

Early Plhene 

The interval from 8,400 ro 8,470 feet may be late early 
Pliocene on the basis of rare dextrally coiled 
Neogloboquadrina p a c w  (fig. 57). Iahui 
(1981) r e p o d  dextrally coiled populations in the 
interval from 8,400 to 8,470 feet, and the only 
planktonic foraminifera recovered fiom MMS samples 
in the intczvnl, sin& a p ~ i m w s  of N e o g Z o ~  
p a c ? a y h  at 8,430 and 8,460 feet, were also dexttally 
coiled. Dextral coiling at this depth suggests the warmer 
water conditions prevalent in the early Pliacene 
(fig. 57). On this basis, the division between late and 
early Pliocene is placed at 8,400 feet. Because of its 
unconformable base, possibly indicating a missing early 
Pliocene section, the short interval from 8,400 to 
8,470 feet is assigned to late early Pliocene. 

Paldepths in the late early Pliocene section were outer 
neritic to upper bathyal (fig. 59). 

Miocene 

Well-log curves and rotary drill bit cuttings at 8,470 feet 
and below indicate a lithologic change from the 
sandstones, siltstones, and glaciomarioe diamictites of 
the Yakataga Formation to tbe marine g l a d t i c  
siltstones and sandstones of the Poul Creek Forination. 
The contact at 8,470 feet marks an uncdoxmity at the 
base of the Yakataga Formation (see chapter 5). Tbe 
section is late Miocene from 8,470 to 9,660 feet and 
middle Miocene from 9,660 to 11,360 feet, Tbe late 
Miocene section is fault-repeated from 11,360 to 
12,210 feet. From this depth to 'I'D, the well remained 
in a Poul Creek section interpreted to be Miocene in 
age, with middle to late Miocene section from 12,210 to 
12,960 feet, and middle Miocene fkom 12,960 to TD at , 
13,507 feet (fig. 59). 

Lattanzi (1981) described the Yakataga-Pod Creek 
Formation contact at 8,470 feet, but concluded that the 

108, Gulf of Alaska Geologic Report 



I EXXON' OCS Y-0080 NO. 1 WELL 1 

Figure 59. Biostratigraphy and 
paleodepth curve for the Exxon 
OCS Y-80 No. 1 well. All 

underlying section was Pliocene in age because of its 
stratigraphic position beneath a very thin section of early 
Pliocene Yakataga Formation, and because it cantaiued 
scattered specimens of Neogloboqzdrina pactcyderma, 
which ranges from late Miocene to Recent. A Pliocene 
age determination for the Poul Creek Formation is at 
variance with the late Eocene to early Miocene age of 
Rau and others (1983) and the up-blate Miocene age 
Lag- (1983) observed for the Poul Creek Formation in 
onshore wells and stratigraphic sections. Although rare 
specimens of Neogloboquadrina padiyderma recovered 
from MMS samples below 8,470 feet were brownish 

depths are measured fiom the 
kelly bushing (KB), 82 feet 
above mean sea level. The well 
location is shown on figure 66. 

and weathered like other planktonic and benthic 
foraminifera present, most of the specheus of 
Neogloboquadrina padrydmma from this deeper section 
had a fresh, white crystalline appearance similar to 
specimens found above 8,470 W. Such "fieshw 
specimens were interpreted as caved from the 
Pliocene-Pleistocene section uphole. Ample opportunity 
for caving existed in this part of the well because the 
well bore was uncased throught the process of drilling 
from 4,098 to 11,610 feet. 



Late M i  

The section from 8,470 to 9,660 feet is late Miocene in 
age on the basis of dinoflagellate occurremxs and the 
age of the subjacent interval. The abrupt change in 
lithology, paleodepth, and the foraminifera1 assemblage 
at 8,470 feet support this interpretation (fig. 59). 

Dinoflagellates present in this section include 
Systematophora ancyrea at 8,580 feet and 
Achomosphaera qwngiosa at 8,670 feet, both indicating 
an age no younger than late Mi-, and Zmpagidbbn 
sp. cf. I. pundurn at 8,580 feet, which iadicates an age 
no older than late early Miocene. Core samples taken 
from 9,021 to 9,045 feet (conventional core 2, 
App"du E-3) also contain scvcral diinoflag~Ilates chat 

are characteristic of the late Miocene 
Hystrichosphaeropk wrbbile zone of Bujak (1984) and 
Matsuoka and Bujak (1988) and range no highcr than 

that interval. These species include Hystrichosphaeropt 
obscura, Litosphaeridium paruum, R e t h b q h w a  
&corouurta, and Trrbcrdodinium rmsignoZiae. Atso 
recovered from the core were Spiniferites hamypicur, 
Spiniferh mmam, and Tuberculodinium wmmyme,  
which have slightly less restricted individual ranges but 
are also representative of the H>,strichOgphaeropris 
variabile zone. 

The monolete spore Polypodiisporoni&.s sp. at 
8,580 feet indicates an age of late Miocene or older. The 
angiosperm pollen ?Eric@ites also occurs at 8,580 feet. 

The lowest stratigraphic occurrence of the diatom 
species lhlassiosircl Mtiqua at 8,940 feet also supports 
a late Miocene age for this interval. 

Most of the rare planktonic foraminifera present in the 
late Miocene section (8,470 to 9,660 feet), includimg 
GIobigerina bulloides and G. v e n e z w h ,  are not age 
diagnostic. Three sinistrally coiled specimens of 
Neogloboquadrina pachydemo found in the interval had 
a brownish, weathered and were judged to 
be in place, supporting a late Miocene age. 

The late Miocene section (8,470 to 9,660 feet) contains 
an abundant assemblage of lightalored ~~ 
benthic foraminifera, along with many add i t i d  species 
of calcarwus benthic foraminifera. The arenaceous 
assemblage is similar to that recovered from the Poul 
Creek Formation section onshore and in tbe OCS 
YMWn No. 1, OCS Y-14 No. 1 and 2, OCS Y W 2  
No. 1, and OCS Y4211 No. 1 web. Ammeow 
species inchde Alveolophragmium r w r s a t a ,  

Bathysiphon aremcea, Bathysiphon spp., Budashaadh 
sp., Comuspira byramemis, Oibrosmwides spp., 
Cyclammina cancelluta, C. pacjfioa, C. Ltcisa, Dorothia 
sp., Gaudryk sp., Haplophragmoides mdlkaru, 
Martitwttieh sp., M. communis, Reophax sp., 
Rhabdammina sp., Spirosigmoilinella sp., 
SpirosigmoilineIla sp. cf. S. compressa, lbc* 
globigerinjfonnir, and a conically coiled species 
resembling ArenoturrispiriUina sp. 

Also present are rare specimens of Liebusella sp., an 
arenaceous species that begins with trimrial ttochospiral 
coiling and ultimately becomes a relatively large 
uniserial form. Several broken specimens of Liebuseh 
sp. revealed the characteristic cmcq-smiionnl internal 
structure of 8 to 16 radially arranged, regularly shaped 
alveolar cavities per chamber (Sieglie and others, 1986). 
Lattanzi (1981) identified this species as LiehuoeIlo 
plwcenica, which is restricted to the Pliocene,+ tbe 
California section (Wissler, 1943). Our late Miocene 
age assignment conflicts with this age. Because the 
genus Liebusella ranges from late Eoceae to Recent 
(Sieglie and others, 1986), the specimens in the OCS 
YM)80 No. 1 well could be compared with other 
species within this range. One comparable species is 
Liebusella hevigara from the middle and upper Miocene 
section of !hkhalin Island (Voloshinova and others, 
1970). We refer the form present in the OCS Y4080 
well to Liebusella sp. because we lack specimens good 
enough for specific identification and lack comparative 
material. In addition, some of the Liebus&-like 
specimens in the interval may belong to the genus 
Alveovalvulinella, which has a more irregularly alveolar 
internal structure and ranges from the Oligocene to fhe 
Miocene (Loeblich and Tappan, 1%4). Bdh LiebuseUa 
lacvigota and AlveovaZvulineIla sp. are compatible with 
the Miocene age interpretation foi the section below 
8,470 feet. Anderson, Warren, and Associates, Inc., 
(1977a) also describe occurrema of both 
Alveovdvulklla sp. and the related, higher-ranging 
Alveovolvulk sp. (early Miocene to mid-Pliocene; 
Sieglie and others, 1986) in the probable late Miocene 
section of the OCS Y m l l  well. 

Calcareous benthic foraminifera present in the late 
Miocene section include Anomalina glol,rota, 
Asterigerina crassfoonnis, Ckssiddina sp. cf. C. crassa, 
Chilostomella sp. cf. C. cylindroctes, Cibicides sp. cf. 
C. elmuen&, Cibickk sp. cf. C. perlucida, Elphkhn 
sp. aff. E. cdiJorninmt, Elphidium sp. cf. E. minutrrm, 
Epistominella pacjtica, E. pulcfreh, Gyrokha sp. cf. 
G, cm&nij 0. soldani, Lagem stnunma, Len&dina 
inornara, Marginulina sp. cf. M. a d u m  (reworked 
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early Miocene?), Melonis sp. cf. M. paci@am, 
Nodogenerina sp. aff. N. sanctaecrucir, NNodmia sp. 
cf. N. longiscata, Nonionella sp. cf. N. costjfenun, 
Oolina melo, Oridorsalis mbonatw, Pullenia 
mwcenica, QuinqueMina sp. cf. Q. weaveri, 
Uvigerina auberiana, Uvigerina sp. cf. U. h a m i ,  
Uvigerina sp. cf. U. gallowyi (reworked late Eocene to 
earliest Miocene?), and Uvigerina sp. cf. U. obesa. 

A species of Uvigrina that is present throughout the 
Miocene section of the well posed several problems in 
identification. It was initially assigned to Uvigerina sp. 
cf. U. subperegrtta because it is similar to a specimen 
with that name from the lower Yakataga Formation 
figured by Lagoe (1983, plate 2 and figure 16). 
Although many of the specimens in the OCS Y4080 
No. 1 well resemble this species in ornamentation, 
subsequent study showed most specimens to be slimmer, 
with more chambers. Rare individuals have subdued 
surface ornamentation resembling that of Uvigerina 
juncea. The species also bears a strong miemblame to 
Uvigerina yabei, a species originally described h m  the 
Pliocene of Japan (Asano, 1938) and more recently 
reported from the Middleton Island State No. 1 well 
(Rau and others, 1983), but the specimens in the OCS 
Y-0080 well appear to have more costae per chamber 
than are shown on the specimens in the type illustration. 
On the whole, most of the specimens bear a stronger 
resemblance to Uvigerina cushmani, a species originally 
described from Recent ocean s e d i i t s  from neritic to 
upper bathyal depths off the coast of southern California 
(Todd, 1948). Accordiigly, the specimens Erom the well 
are referred to as Uvigerina sp. cf. U. m u .  This 
species is present throughout the Miocene section of the 
well, but is rare in the late Miocene interval. 

Several worn specimens of reworked Eocene to early 
Oligocene benthic foraminifera were f d  in samples 
near the top of the late Miocene section, including 
QuinqueZoculiM sp. cf. Q. goodvpeedi at 8,470 feet, 
Plectofrondicularia packardi at 8,520 feet, and Cibicides 
spiropunctatis at 8,640 feet. In addition, a small 
assemblage of reworked Eocene diuoflagellates is 
present in the upper part of the interval, including 
Dejhdria eocenica, D. heterophlycta, D. 
phosphorahahca, HqFiasphaera septata, and 
Impagidinium d&4omkme. These elements indicate that 
some of the sediments of the upper Poul Creek 
Formation in the well were derived from the erosion of 
Eocene marine strata. 

Paleodeposition~l environments for this internal were 
upper to middle bathyal (fig. 59). Fragments of light 

brown micritic limestone at 8,520 feet suggest a pelagic 
carbonate ooze, or perhaps a distal h i e s  of fkinging 
carbonate sediments shed Erom a positive open-mariae 
feature such as a seamount that has since collided and 
subducted along the southern Alaska margin. 

The late Miocene interval also contains small shark and 
teleost fish teeth, common triaxon and 
fuseddesmid-form sponge spicules, and pyritiz.ed 
cenosphaerid radiolaria. Shark teeth and and sponge 
spicules are particularly numerous in conventional wre 
samples of dark-brown siltstones taken from 9,024 to 
9,045 feet (core 2, Appendix E-3). The foraminifera 
recovered from the core are almost exclusively 
arenacwus and include rare to h p e n t  occurrences of 
Spirosigmoilinelh sp. cf. S. compressa. 

Accordiig to geochemical analysis ('Qbm, 1979), 
cuttings from thermally immature sediments between 
9,100 and 9,160 feet have the most favorable 
hydrocarbon source rock potential in the well. Total 
organic carbon (TOC) in this sample interval was 
recorded at 1.97 percent, and total bituminous extract 
measured 1,897 ppm (with estimated 488 ppm 
extractable hydrocarbon). In addition, amorphous- 
herbaceous organic components exceeded woody 
components, a condition that could favor liquid 
hydrocarbon generation if the thermal maturity of the 
section were greater. The predominance of areaaceous 
foraminifera and sponge spicules, along with the 
preservation of numerous phasphatic vertebrate elements 
(shark teeth, telwst fish teeth) in an organically rich 
siltstone suggests a depos i t id  environment resembling 
the silled, organic-rich, sedimentaarVed basin paradigm 
postulated by Armentrout (1983a) for the dark shale8 of 
the upper Poul Creek Formation onshore. 

Middle Miocene 

The section from 9,660 to 11,360 feet is middle 
Miocene in age based on planktonic f d f e r a .  This 
interval, a middle Miocene section in the OCS Ym14 
No. 1 and 2 well, and an early to middle Miocene 
section in the OCS Y-0211 No. 1 well (this chapter) are 
the first middle Miocene sediments described h m  the 
Poul Creek Formation onshore or offshore. However, 
unpublished data (R. S. Boettcher, personal wmmun., 
1991) have indicated that a deep-water section of late 
early to early middle Miocene (Relizian to possible 
Luisian, fig. 55) Pod Creek Formation exists onshore 
on Kayak Island, 22 miles to the northwest (fig. 66 and 
plate 5). This age is based on the presence of the mi&Ile 
early to early middle Miocene planktonic f6mminifera 



Globorotalia archaeomenardii and the benthic 
foraminifera Siphogenerina sp. cf. S. branneri and 
Siphogenerina sp. cf. S. kleinpelli. 

Planktonic foraminifera species indicating a middle 
Miocene age for this section of the OCS Y4080 No. 1 
well include Globorotabia sp. cf. G. conzhuma at 
9,660 feet and below, Globororalia sp. cf. G. coniw at 
9,840 and 10,260 feet, and Gbborotalia sp. cf. G. 
obesa at 11,040 feet. Other planktonic species present 
include Globigerina bulloides, Globigerina sp. cf. G. 
venezuelana, Globigerina sp. cf. G. woodi, 
Globigerinoides sp. cf. G. bolli, Globigerinoia'es sp. cf. 
G. trilobus, Globoquadrina dehircens, and Globorotulia 
conoidea. 

Also present from 9,750 feet downward am rare to 
frequent Orbulina Mivmsa. The typical spherical form 
is dominant, but rare bilobate and trilobate forms occur 
in the lower part of @e interval. Orbulina miversa 
ranges from middle Miocene to Recent and is most 
common in temperate aad wanner water. Orbulina 
universa has been described from the uppermost (late 
Miocene) Poul Creek Formation and the lower Yakataga 
Formation onshore at the Yakataga Reef section (Lagoe, 
1983), but has not been recorded previously in other 

9,750 feet and remains plentiful down to 10,740 feet. 
Liebusella sp. is rare to absent throughout the middle 
Miocene interval. Also present in the interval are sponge 
spicules, shark teeth, pyritized cemqherid radiolaria, 
and ostracodes. 

Paleodepths in this interval were upper to middle bathyal 
(fig. 59). 

Late Miocene: Repeated Section 

The interval from 11,360 to 12,210 feet is late Miocene 
in age and is part of a fault-repeated Miocene section 
that extends to the bottom of the well. The lithology 
changes from a predominantly sandstone sequence to an 
underlying siltstone sequence at 11,36U feet. 'Ibis 
lithologic change may mark a thrust hult that has 
displaced and repeated the stratigraphic sequence. The 
steep dips seen on dipmeter logs throughout the 
underlying Miocene section indicate significant 
structural deformation and support the possibility of a 
fault. Several instances of stuck drilling pipe Were 
reported in the interval, where the well was sidetracked 
three times. Such problems are often encountered in 
fault zones, although these operational difficultiw may 
have had other causes. 

offshore wells. A single specimen of Orbulina universa 
A late Miocene age for the section from 11,360 to 

also occurs at 13,510 feet in the middle Miocene section 
12,210 feet is indicated by the occurrence of in-place, 

of the OCS Y-14 No. 1 and 2 well. 
brownish-colored spechew of Neoglobogudrh 

The dimoflagellate DopsilidiniumpadeIsi is also present 
from 10,020 to 10,500 feet in the middle Miocene 
section. This species has not been observed above the 
early Miocene in the Bering Sea stratigraphic section 
(Matsuoka and Bujak, 1988), but its world-wide range 
extends into the middle Miocene (Bujak-Davies Group, 
1988). Reworked specimens oftbe Oligocene 
dinoflagellates Dqflundria phhsphoriciw end 
Trinomntedhium boreale also occur in the interval. 

pachydenw (which ranges no older than late Miocene) 
at 11,430, 11,580, and 11,610 feet. Occurrence8 of 
other planktonic foraminifera, including Globorotaliu 
acostaenis at 11,970 feet, Globorotalia sp. cf. G. 
sphericomiozea at 12,090 feet, and Globorotulia sp. aff. 
G. pseudopima at 11,580 feet, further support this age. 
Also present in the section are CIobororalm sp. cf. G. 

conoidea, Globigerina bubia'es, and Orbulina zmbwsa. 
A late Miocene age is also indicated by the presence at 
12,150 feet of the benthic f b d h  Rotalia sp. cf. R. 
gmeyensQ, a species that is characteristically f d  in 

Additional benthic foraminifera in the middle Miocene 
the Mohnian stage (late Miocene, fig. 55) of the 

section include Anomalina sp. cf. A. ual~o~ciensis ,  
California section. 

Bulimina sp. cf. B. dsdica, B. ovum, B. s u b d ~ ,  
hsidulina sp. cf. C. laevigata, Cibicides sp. cf. C. 
perlucidus, Eponides sp. cf. E. subtener, Globobulimim 
pacflca, Hoeglundina eleganr, k e r i e l l a  sp. cf. K. 
baccata, Lagena laevis, Pseudogkmddina it@m, 
Sphaeroidina variabilis, Trilodina tricarinata, 
Uvigerina sp. cf. U. hispiah, U. senticcrsa, and 
Uvigerha sp. cf. U. sentkosa adiposa. Uvigerina sp. 
cf. U. cus-, which was present but rare in the 
overlying late Miocene section, is common to abtmdant 
at the top of the thick sandy sequence that begins at 

?Arenoturr&irillina sp., SpirosigmoilineUa sp. cf. S. 
compressa, and Uvigerina sp. cf. U. hannai, benthic 
foraminifera that were present in the late Miocene 
section above the fault, reappear in the repeated interval. 
Liebusella sp. also reappears and is cornman in some 
samples. Benthic foraminifera new to tbe assemblage 
include &malina sp. cf. A. salinasemis, Bulimim sp. 
c f. B. alligata, Gassidulina pulchella, Cibicides sp. cf. 
C. conoideus, Conicospirillina sp., EpistornineUa sp. cf. 
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E. penrviana, Gyroidina sp. cf. G. healdi, G. soldmtii 
altr~ormis, Mmginulina sp. cf. M. subbullma, and 
Oolina globosa. Uvigerina sp. cf. U. c u s M  was 
frequent to common in the interval. 

Other elements in the fauna include rare ophiuroid 
fragments, fish bones, and barnacle plate fragments, 
along with rare sponge spicules and pyritized 
cenosphaerid radiolaria. 

The monolete spore Polypodiisporonites sp. and the 
angiosperm pollen ?Ericipaes sp., present in the late 
Miocene section above the fault, were also noted in this 
interval at 12,120 feet. 

Paleodepths were upper to middle bathyal from 
1 1,360 to 11,520 feet, deepening to include middle to 
lower bathyal intervals from 11,520 to 12,210 feet 
(fig. 59). 

Middle to Late Mi- 

The section from 12,210 to 12,960 feet is considered to 
be middle to late Miocene in age primarily on the basiis 
of its stratigraphic position. Poorly preserved specimens 
of planktonic foraminifera such as Globorotalia sp. aff. 
G. coniw at 12,210 feet and Globorotalia sp. aff. G. 
continuosa at 12,390 feet suggest a possible middle 
Miocene age. Other planktonic foraminifera within the 
interval include Globorotalia sp. cf. G. scihrla, 
Globorotalia sp. cf. G. cornidea, G l o b i g h  bulbides, 
Globigeritua sp. cf. G. venezuelana, Globigerinoides sp. 
aff. G. bolli, Globigerinoides sp. cf. G. trilobus, 
Globigerinitia uvuh, and Orbulina universa. 

Additions to the benthic foraminifera fauna in this 
interval include Cassidrzlina hmigcttn m r b ,  

Conurspira byramensis, Fismina marginata, Pullenia 
bulloides, P. salisburyi, Quhquehcdina sp. cf. Q. 
lmnarckiann. S p i r n p k ~  sp. aff. S. directa, and 
Uvigerina sp. cf. U. hisphkwk&z. Also present are 
Liebusella sp., which is very rare in the interval, llnd 
Frequent to abundant Uvigerina sp. cf. U. cushnumi. 
Similar abundance trends were observed for these latter 
two species in the middle Miocene section above the 
fault. 

Other faunal elements include fish bone hgments, 
ostracodes, and pyritized cemspbaerid radiolaria. 

Paleodepths for the interval were middle to lower 
bathyal (fig. 59). 

Middle Miocene 

The interval from 12,960 to 13,507 feet 0) is middle 
Miocene. This age is indicated by the planktonic 
foraminifera Globorotalia sp. cf. G. conica at 12,960, 
12,990 and 13,500 feet, and Globorotalia sp. a f f .  G. 
lata (as figured in Lipps, 1%4) at 13,020 and 
13,200 feet. Other planktonic species in the interval 
include Globigerina bulloides, Gl&igerrim sp. cf. G. 
nepenthes, Globigerinoides sp. cf. G. trilobw, 
Globorotalia sp. a f f .  G. conoidea, Orbulina saduralir, 
and Orbulina universa, including spherical, bilobate, 
and trilobate forms. 

Additional benthic foraminifera in the interval include 
Nonion gocddkafi, Uvigdna sp. cf. U. m-de~wnsb, and 
Uvigerina sentima ssp. cf. U. senticosa a d i ~ .  

Other faunal elements include pyritimd cemsphaerid 
radiolaria and rare ostracodes. 

Paleodeph for the interval were middle hathyal 
(fig. 59). 

Shell OCS Y-0011 No. 1 well 
'Ihe Shell OCS Y-0011 No. 1 well was drilled in 
541 ket of water to a I'D of 13,565 W. AN we1 depths 
were measured from the kelly bushing (KB), 85 feet 
above mean sea level. The well pemetrated the Yakataga 
Formation from just below the seafloor TD (fig. 60). 

The interval from the seafloor to 8,940 feet is 
Pleistocene in age on the basis of c o i l i n g ~ t i o n  brends 
in populations of the planktonic foraminifera 
Neogloboquadrina pachydmma and diatom occurr-. 
The section from the seafloor to 5,700 feet is late 
Pleistocene in age, and is further divided into late late 
and early late Pleistocene intervals at 2,910 fixL The 
section from 5,700 to 8,940 is early Pleistocene. 

Late PleMocene 

The interval from the seafloor to the first sample at 
1,650 feet is late Pleistocene in age based on the age of 
the underlying section. From 1,650 to 5,700 f& the 
section is also late Pleistocene, based on predominantly 
sinistrally coiled populations of the planktonic 
foraminifera Neogloboquadrina pachyabma (fig. 57). 
Population coiling ratios approach 100 percent sinistral 
between 1,650 and 3,840 feet, and are 90 percent or 
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and 50 percent dextrally coiled from 8,550 to 
8,940 feet, further supporting an early Pleistocene age 
(fig- 57). 

SHELL OCS Y-0011 NO. 1 WELL 

The diatom Nbchia  sp. cf. N. reinhddii and the 
silicoflagehte Dictyodw sp. cf. D. subarcth are both 
present at 6,420 feet, supporting an early Pleistocene 
age. Additional diatoms include Actinocyck 
ehrenbergii, Asteromphalus decorus, B W p h i a  awita, 
and Porosira glucialh. The silicoflagekte Distephanus 
speculum is also present. 

Figure 60. Bioetratigraphy and 
paleodepth curve for the Shell 
OCS Y-11 No. 1 well. All 
depths are measured from the 
kelly bushing (KB), 85 ht 
above mean sea level. The well 
location is shown in figure 66. 

The radiolarian species Sphaeropyle langii and Xiphosira 
circular+ occur between 5,700 and 5,790 feet. 
Acanthodesmia sp. occurs at 7,250 feet (sidewall core), 
and Cetwsphaera sp., Sphaeropyle sp. cf. S. robiusta, 
and S'ngaster sp. cf. S. penrcrr (reworked 
mid-Pliocene) occur between 8,580 aad 8,670 feet. 

WELL DEPTH 
(feet) 

O-KB 

k 
Z 

0 
(r: 

Siliceous microfossils are rare below 8,670 feet, and no 
additional species were found below this depth. 
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Helicopontosphaera sp. cf. H. sellii at 5,716 feet 
(sidewall core), Discolithina sp. cf. D. japonicu 
(5,880 feet), and Coccolith sp. cf. C. 
(Dictyococcites?) produw (6,600 feet). Emiliania sp. 
cf. E. m l a  (Pseudoemiliania kmuwsa, round form) at 
6,440 feet (sidewall core) ranges no higher than early 
early Pleistocene. ~clococcolithina sp. cf. C. 
(Calcidiscus?) mucintyrei at 7,250 feet (sidewall core) 
and 7,680 feet also supports an early Pleistocene age. 

Calcareous nannofossils are scarce below 7,250 feet. No 
additional unreworked species ate found below that 
point. 

Additional planktonic foraminifera occurring in the early 
Pleistocene section include Globigerina quudrilafera 
(equivalent to Globigerina bulbides according to 
Kennett and Srinivasan, 1983) at 5,970 feet and 
Globigerina sp. cf. G. parabulloides at 6,180 feet. 
Globigerinira uvula occurs at 8,550 feet. 

Additional benthic foraminifera present in the early 
Pleistocene section include Bolivina intejuncta, Bolivina 
sp. aff. B. numerosa, B. spissa, B. &ma, 
Bolivinh sp., Bulimina ailis, C i b i d h  (Ph lar ia )  
wuellerstorji, Elphidium sp. cf. E. discoidale, Gyroidina 
sp. cf. G. solahii, and Uvigerina hkpidmo&&a. Also 
present at 8,550 feet are Eponictes sp. cf. E. tener and 
Valvulineria auraccmu. 

Other faunal elements present include shell fragments, 
unidentified radiolaria, and sponge spicules. 
Unidentified ostracodes were recovered between 
8,550 and 8,670 feet. 

Paleodepths alternated between outer neritic to upper 
bathyal and upper to middle bathyal from 5,700 to 
8,370 feet (fig. 60). Middle to outer neritic conditions 
prevailed from 8,370 to 8,490 feet. Below this, the 
p1udep:pL curve fluctuates from upper bathyal(8,490 to 
8,550 feet) to middle bathyal (8,550 to 8,670 feet), back 
to upper bathyal(8,670 to 8,730 feet) and outer neritic 
(8,730 to 8,940 fitct). 

Probable Pliocene 

The section from 8,940 to 12,030 feet is probable 
Pliocene, and is further subdivided into early and late 
intervals at 10,470 feet. Neogloboquadrinapachyderma 
is rare from the top of the section down to 10,830 feet, 
and very rare to absent below that, providing little 
evidence of Pliocene paleoclimate treads or 
biostratigraphy (fig. 57). No other agediagwstic 

planktonic foraminifera and no additional species of 
siliceous microfossils or calcare.0~~ nannofossils were 
recovered from this section. Because other Gulf of 
Alaska OCS wells have shown a decrease in planktonic 
species abundances in the Pliocene section, the 
sparseness of planktonic microfossils in this interval is 
the basis for placing the upper boundary of the probable 
Pliocene section in the OCS Y-0011 No. 1 well at 
8,940 feet (fig. 60). 

Possible Late Pliocene 

The section from 8,940 to 10,470 feet is possible late 
Pliocene in age. The lower boundary of the i n t e ~ d  is 
arbitrarily placed at the midpoiit of the probable 
Pliocene section. 

Benthic foraminifera in the interval include BucceUa 
frigicia, B. tt.nerrima, Casvidulina a d ~ o r n h ,  C. 
klandica, C. minuta, Cibicidesjktcheri, Elphidium 
bartletti, E. chatum, E. dkcoidale, E. figidurn, 
EpistonsinelIa pacs3ca, G ~ l i r u  lucvigdu, 
Globobulimina auriculata, HaplophragmoidRF d e f o m ,  
Nonionella auricula, N. digitata, N. labrodorb, 
Protelphidium sp. cf. P. orbiculare, Quinqrceloculina 
sp., and Uvigerina cushrnani. 

Planktonic foraminifera include rare Globigerina 
bulloides. G. quiquelabo, and sinistral 
Neogloboquadrina pchydmna. 

Additional faunal elements in the interval include shell 
fragments and unidentified ostracodes and radiolaria. 

Paleodepths for the possible late Pliocene interval 
average some of the shallowest in the well (fig. 60), 
varying hehueen middle. to outer neritic (8,940 to 

9,240 feet), outer neritic to upper bathyal(9,240 to 
9,390 feet), outer neritic (9,390 to 9,630 feet), middle 
neritic (9.630 to 9,810 feet), middle to outer neritic 

(9,810 to 10,260 feet), and outer neritic to upper bathyal 
(10,260 to 10,470 feet). 

Possible Ear& Pliocene 

The section from 10,470 to 12,030 feet is possible early 
Pliocene, with the top of the interval arbitrarily placed 
midway in the probable Pliocene section. Generally 
outer neritic to bathyal paleodepths are encountered, in 
contrast with the shallower paleodepths of the overlying 
possible late Pliocene interval (fig. 60). The top of the 
interval also marks the highest occurrence of the benthic 
foraminifera Haplophragmoides auIlissam (10,470 feet). 

116, Gulf of Alaska Geologic Report 



The planktonic foraminifera as-semblage includes rare to 
very rare Globigerina bulloia'es and Neogloboquadrina 
pachydem. Globorotalia sp. cf. G. crass#ormis ronda 
(early Pliocene to Recent) and Globorotalia pseudopima 
(latest Miocene to Recent) occur at 11,940 feet. 

Additional benthic foraminifera species in the interval 
include Bulimina subacuminata, Cassidulina sp. cf. C. 
tr~slmcens,  Elphidium sp. cf. E. poeyanum, 
Martinottiella communis, and Pullenia sp. cf. P. 
salisburyi. 

Additional faunal elements include shell fragments, 
sponge spicules, and unidentified ostracodes and 
radiolaria. 

Paleodepths were upper bathyal from 10,470 to 
10,830 feet, outer neritic from 10,830 to 11,610 feet, 
outer neritic to upper bathyal from 11,610 to 
11,940 feet, and upper to middle bathyal from 11,940 to 
12,030 feet (fig. 60). 

Probable Late Miocene 

The section from 12,030 to 12,960 feet is probable late 
Miocene, based on occurrences of the planktonic 
foraminifera Globorotalia sp. cf. G. sphericomiozea 
from 12,030 to 12,420 feet. Globorotalia 
sphericomiozea is thought to be restricted to the late late 
Miocene (Jenkins, 1985; Hornibrook and others, 1989), 
although others mention its possible occutfence in the 
earliest Pliocene (Keller, 1978). Other planktonic 
foraminifera present include Globorotalia pseudopima 
(latest Miocene to Recent) at 12,030 and 12,890 feet, 
Globorotalia acostaensis (late Miocene to Recent) at 
12,670 feet, Globorotalia sp. aff. G. conoidea (late 
middle Miocene to earliest Pliocene) at 12,830 feet, and 
Globorotalia sp. cf. G. hunterma (late late Miocene to 
Recent) at 12,950 feet. All support, or are compatible 
with, a late Miocene age. Globorotalia sp. cf. G. 
crassafonnk r& at 12,240 feet and a deformed 
specimen of Globigerinoides sp. aff. G. conglobatus 
(12,670 feet) may be caved from uphole. Brown, 
weathered specimens of other planktonic species 
present, includiig Globorotalia sp. aff. G. opima and 
Globorotalia sp. cf. G. continuosa, appear to be 
reworked. 

The benthic foraminifera species Alveovalvulina sp. and 
AlveovalvulineUa sp. at 12,420 feet also support a 
Miocene age (Loeblich and Tappan, I-), although 
some species of Alveovalvulina have been reported in 
the Pliocene (Sieglie and others, 1986). Liebusella sp., a 

similar-appearing species with a somewhat different 
internal structure, and possibIe Alveovalwlinella sp. 
occur also in the late Miocene section of the OCS 
YM)80 No. 1 well. 

Additional benthic species in the interval include 
Bulimina sp. cf. B. inflata, Cmsidulina subgldwsa, 
Eponides sp. cf. E. healdi, Ep ides  sp. aff. E. 
subtener, Haplophragmides sp., Lenticulina sp. cf. 
L. strmgi, Melonis barleeanurn, M. pompilides, 
Uvigerina sp. cf. U. hispidocmtata, and Virgdina sp. 

Other faunal elements present include sponge spicules 
and unidentified radiolaria and ostracodes. 

Paleodepths for the interval were probable upper to 
middle bathyal from 12,030 to 12,210 feet and middle to 
lower bathyal from 12,210 to 12,%0 feet (fig. 60); 

Faulted(?) Section-Possible Late Pliocene 

From 12,960 to 13,565 feet p), the well may have 
penetrated a late Pliocene section that was overthrust by 
an older (late Miocene) section (fig. 60). 'Ihe sparse 
assemblages of indigenous foraminifera from cuttings 
samples and from conventional core 2 (12,998 to 
13,023 feet; Anderson, Warren, and Associates, Inc., 
1977a) suggest that paleodepths were much shallower 
below 12,960 feet (fig. 60). Middle neritic depths are 
indicated from 12,960 to 13,320 feet, and possible outer 
neritic depths from 13,320 to 13,565 feet m). The 
sparse foraminifera assemblage includes the benthic 
species Buccellafrigida, B. tenerrima, C4Ssidulina 
californica, Cassidulina sp. cf. C. lirnbata, C. 
nukumurai, Cassidulina sp. cf. C. transluscens, 
Cibicides Jetcheri, Elphidium sp. cf. E. bartletti, E. 
clavatum, Elphidim sp. cf. E. discoidale. Elphidieella 
oregoneme, Epistominella pacijica, Glandulina 
laevigata, Nonwnella labrodorica, and Prote&hidium 
sp. aff. P. orbiculare. 

The neritic depths are a marked departure from the 
downhole deepening trend in the early Pliocene and 
Miocene sections of this well (fig. 60), the OCS YM)gO 
No. 1 well (fig. 59), and other Gulf of Alaska OCS 
wells. The bathymetric change (1,500 to 2,000 feet or 
more) seems too large to be related to late Miocene 
shoaling events. There is no evidence of older sediments 
below 12,960 feet, which should be the case if this were 
an unconformity. Indeed, the foraminifera assemblage 
and paleobathymetric trends present in the interval do 
not resemble those of other Miocene sequences in the 
Gulf of Alaska area, but are reminiscent of those seen 



higher in the well in the late Pliocene interval. It appears 
most likely that the interval from 12,960 to 13,565 feet 
(TD) is a deeper repetition of the late Pliocene, lying 
beneath an overthrust late Miocene section. 

Shell OCS Y-0014 No. 1 and 2 
(redrill) well 

The Shell OCS Y-0014 No. 1 and 2 (redrill) well was 
drilled in 485 feet of water to a combined TD of 
15,390 feet. All well depths were measured from the 
kelly bushing (KB), 90 feet above mean sea level. The 
well encountered the Yakataga Formation from just 
below the seafloor to 12,250 feet, and penetrated the 
Poul Creek Formation from 12,250 feet to TD (fig. 61). 

The OCS Y-0014 well was drilled in two segments: the 
OCS Y-14 No. 1 well was drilled to a depth of 
approximately 11,900 feet, where the hole collapsed and 
the drill stem was stuck, whereupon the OCS Y-0014 
No. 2 (I-cdrill) w ~ l l  was kicked out laterally from the 
original hole at approximately 8,700 feet. It was drilled 
essentially vertically and p a d e l  to the OCS Y-0014 
No. 1 well to a total depth of 15,390 feet. Because they 
share the same hole down to 8,700 feet and are proximal 
and parallel below that, the two wells are treated 
together here as a single continuous entity, with samples 
down to the arbitrary depth of 8,910 feet coming from 
the No. 1 well, and samples below that depth coming 
from the No. 2 well. 

Pleistocene 

The section From the seafloor to 6,480 feet is 
Pleistocene on the basis of planktonic foraminifera. The 
late Pleistocene section extends to a depth of 4,440 feet. 
From 4,440 to 6,840 feet, the section is early 
Pleistocene. 

Late Pleistocene 

The upper portion of the well from the seafloor to the 
first sample at 2,220 feet is considered to be lab 

Pleistocene in age on the basis of its stratigraphic 
position above the subjacent late Pleistocene interval. 
The interval from 2,220 to 4,440 feet is late Pleistocene 
in age based on the presence of a planktonic 
foraminifera population consisting predominantly of 
sinistrally coiled Neogloboquadrina pachyderms. This 
probably represents the late Pleistocene cold-water 
interval (fig. 57). Globigerina bulloides is also common 
throughout this section. Other planktonic species present 
include Globigerina quinqueloba, GEobigerinita sp. cf. 

G. naparimaensis, Globigerinita sp. cf. G. uvula, and 
Neoglogoquadrina dmerrtrei. 

The boreal benthic foraminifera assemblage is very 
similar to that found in the Pliocene and Pleistocene of 
the Exxon OCS Y-0080 No. 1 well and the Pliocene of 
the OCS Y4211 No. 1 well (see appendix A). 
Additional species present in the late Pleistocene section 
of the OCS Y a 1 4  No. 1 and 2 well include Bolivina 
sp. cf. B. beyrichi, Buliminella eleg&sima, 
Frondicularia sp. cf. F. gigas, Lentidina sp. cf. L. 
strongi, Saidovelka sp. cf. S. ofiotica, and Trichohyalis 
ornatissima (small form). Rotalia columbiemir appears 
at 3,060 feet. 

Other faunal elements in the section include 
cenosphaerid and spongodiscid radiolaria, ostracodes, 
decapod fragments, fish bone fragments, te1-t fish 

teeth, bivalve and gastropod fragments, barnacle 
fragments, and sponge spicules. Myrwzoum subgracile, 
an erect bryozoan that occurs today in nuter neritic 

environments on the Albatross Shelf off the coast of 
Kodiak Island (Cuffey and Turner, 1983, was found 
from 2,220 to 2,520 feet, and again at 4,260 feet. 

Calcareous nannofossils are sparse and generally not 
biostratigraphically useful in the well. Several samples 
throughout the well were analyzed for dinoflagellate 
content, but either yielded no dinoflagellate material or 
contained reworked or caved specimens. There were no 
samples processed for diatoms and silicoflagellates. 

Paleodepths for the late Pleistocene interval were middle 
to outer neritic from 2,220 to 2,820 feet, and outer 
neritic to upper bathyal from 2,820 to 4,440 feet 
(fig. 61). 

Early Pleistocene 

The interval from 4,440 to 6,480 fkct is cxly 
Pleistocene in age based on the occurrence of dextrally 
coiled populations of Neogloboquudrina pachyakrnta 
(fig. 57). Globigerina bulloides was also common in the 

interval. Deformed specimens of one additional 
planktonic species, Globigerinoides sp. cf. G. 
conglobatus, were found at 5,940 and 6,030 feet. 

Additional benthic foraminifera in the interval include 
Cyclammina cuncellata, Dentalinu sp. cf. D. decepta, 
Elphidiella groenlandica, Lenticufina sp. cf. L. 
occidentalis, Nonwn sp. c f. N. goudkofi, Nonionella sp. 
cf. N. auricula, N. basispinaturn, and Triloculina 
tricarinm. A large form of Trichohyalis ornuiissima 
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occurs at 4,440 and 4,620 feet. Poorly preserved 
pyritized diatoms are present, in addition to ostracdes 
and other faunal elements similar to those present in the 
late Pleistocene. 

Paleodepths for the early Pleistocene interval were 
middle to outer neritic from 4,440 to 5,670 feet and 
outer neritic to upper hthyal from 5,670 to 6,480 feet 
(fig. 61). These conditions are shallower than in the 
overlying late Pleistocene section. 

Early Pleistocene warm-water conditions should have 
resulted in deeper water depths due to global melting 
and the resulting eustatic sea level rise during a 
relatively warmer interval (fig. 57). The fact that 
paleodepths appear to have been shallower in the 
warmer water early Pleistocene interval of the OCS 
Y-14 No. 1 and 2 well than during the more glaciated 
late Pleistocene interval presents an interesting problem. 
The lack of a direct correspondence between water 
depth and palwtemperature changes in the Gulf of 
Alaska was also noted by Zellers (1989, 1990) in a s d y  
of outcrops of the middle and upper Pliocene section of 
the Yakataga Formation onshore at Icy Bay (fig. 66 and 
plate 5). Zellers suggests several possible reasons for the 
discrepancy, some of which might be acting together. 
Tectonic uplift and subsidence of the continental shelf 
may have produced paleodepth changes that were 
superimposed on eustatic sea level changes. Such 
changes in turn may have been locally overprinted by 
glacial loading and post-glacial isostatic rebound. 
Glacial scour and reworking of diamictite on the 
continental shelf during glacial stages may also have 
transpotted and mixed the faunal assemblages used in 
palwbathymetric interpretations. An additional 
possibility, not mentioned by Zellers, is that large 
increases in runoff and s e d i i t  supply during warm- 
cycle glacial melting phases may have covered portions 
of the continental shelf with sediments rapidly enough to 
maintain shallow water depths on eustatic sea level rose. 

Although the OCS Y-0007 No. 1 well (fig. 62) also 
shows a shallowing ttend in the early P l e i s t m ,  
similar trends are not readily apparent in the Pleistocene 
section of other Gulf of Alaska OCS wells. 
Contraeustatic trends are not obvious in the Gulf of 
Alaska OCS Pliocene section, although they may be 
reflected by slight shallowing in the early Pliocene 
section of some wells (OCS Y m l l  No. 1, OCS Y-0032 
No. 1, and OCS Y m l l  No. 1). The poor correlation of 
these events across the Gulf of Alaska OCS suggests that 

factors may have been the principal elements in 
generating contraeustatic paleobathymetric trends. 

Pliocene 

Prom 6,480 to 10,410 feet, the section is Pliocene in 
age, based principally on planktonic foraminifera. The 
late Pliocene extends from 6,480 to 8,820 feet. The 
section from 8,820 to 10,410 feet is early Pliocene. 

Late Pliocene 

The interval from 6,480 to 8,820 feet is late Piiocene in 
age based on sparse planktonic foraminifera populations 
containing sinistrally coiled Neogloboquadrina 
pachyderms. Additional planktonic species present 
include Globorotalh sp. cf. G. acostuensis at 
6,480 feet, Globorotalia sp. cf. G. crass4fonnis at 
7,200 feet, and Globorotalia sp. cf. G. pun&- at 
8,100 feet. Globigerim bulloides is present throughout 
the interval, along with intermittent occurrences of 
Globigerinita rcvula. 

Additions to the late Pliocene benthic foraminifera 
assemblage include Astorolus sp., Bulimtta sp. cf. B. 
subacuminata, Cibicides cotwideus, Cibickh sp. aff. C. 
perluckk~, Cibicides sp. cf. C. refuletw, EIphidieUa sp. 
aff. E. simplex, Guttulina sp., Melonis barleeanccm, 
Melonis sp. cf. M. pacijica, Melonis sp. cf. M. 
zaandamae, Nonionella basispinahma, N o h U a  sp. cf. 
N. miocenica, Pkuuhria sp., Plectina sp., 
Protelphidium orbiculare, Sigmomophina sp., and 
Sigmmophina sp. cf. S. fenestrata. Rotalia 
columbiensis, BucceIla inushzta (large), and Buccella 
sp. aff. B. mansjkldi are present at 6,840 feet. Benthic 
foraminifera were slightly more worn and corded 
below 7,200 feet. 

Other faunal elements in the i n t e~a l  include teleost fish 
teeth and bone fragments, echinoid and molluscan 
fragments, and sponge spicules. The bryozuan 
Microporina sp., an articulated upright form that occurs 
today in inner and middle neritic env' ~ronments on 
Albatross Bank off Kodiak Island (Cuffey and Turner, 
1987), is present at 7,920 and 8,010 feet. 'Ihis &al 
form is typical of environments characterized by 
moderate to high currents. 

Paleodepths for the late Pliocene section were outer 
neritic to upper bathyal, with a middle to outer neritic 
interval from 7,830 to 8,100 feet (fig. 61). 

local tectonic movements and perhaps local depositional 



I SHELL OCS Y-0014 N O  1 AND NO. 2 (REDRILL) WELL I 

Figure 61. Biostratigtaphy and 
paleodepth curve for the Shell 
OCS Y-0014 No. 1 and No. 2 
(redrill) well. AU depths are 
measured from the kelly 
bushing (KB), 90 feet above 
mean sea level. The well 
location is shown in figure 66. 

Early Pliocene Globigerinitu sp. cf. G. ~ p a r h a e m k ,  and poorly 

The section from 8,820 to 10,410 feet is early Pliocene preserved specimens of Globorotalia spp. 

in age as indicated by sparse, dextrally coiled, warm- 
water populations of Neogloboquadrina pachyai?rma Additional benthic foraminifera present include 

Lenticulina sp. cf. L. simplex and Sphaeroidina sp. cf. (fig. 57). Other planktonic species present include 
Globigerina bulloides, Globigerina sp. cf. G. S. variubdk. Other faunal elements present include 

venezuelanu, Globigerinoides sp. cf. G. c o n g l o b ,  teieost fish teeth and molluscan and e c W ~ d  fragments. 

120, Gulf of Alaska Geologic Report 



Paleodepths in the interval were outer neritic to upper 
bathyal from 8,820 to 10,050 feet and upper to middle 
bathyal from 10,050 to 10,410 feet (fig. 61). 

Miocene 

The section from 10,410 to 15,390 feet (lD) is Miocene 
in age, on the basis of planktonic foraminifera. The late 
Miocene section extends from 10,410 to 13,480 feet, 
while the section from 13,480 to 15,390 feet (TD) is 
middle Miocene. 

Late M i  

The section from 10,410 to 13,480 feet is late Miocene 
based on sparse populations of sinistrally coiled 
Neogloboquadrina padtydenna and occurrences of 
Globorotalia sp. cf. G. juanai (12,220 feet) and 
Globorotaliu acmaamk (12,280 feet). Other planktonic 
foraminifera present include Globigerina bulloidcs and 
Globigerhh sp. cf. G. nuparhamsis (13,290 feet). 

Late MioceneYakataga Formah 

The base of the Yakataga Formation at 12,250 feet is 
within the late Miocene section. Additions to the benthic 
foraminifera fauna in the late Miocene section of the 
Yakataga Formation include Anomalina sp. cf. A. 
glabrata, Bulimina subacuminata, Carsidulina sp. cf. C. 
Iaticamtrata, Cibkida sp., and Uvigerina sp. cf. U. 
hannai. Cribroelphidicmt sp. cf. C. m e ,  which is 
known from the Mohnian and D e b t i a n  (late Miocene 
and early Pliocene, fig. 55) of California (weinpell and 
others, 1980), occurs at the top of the interval 
(10,410 feet). 

Other faunal elements present include ostracodes and 
molluscnn and cchinoid fragments. A s@men of the 
early Miocene to Recent diatom Acrinocyclus sp. cf. A. 
ehrenbergii occurs at 12,160 feet. 

Paleodepths in the interval were middle to lower bathyal 
from 10,410 to 11,610 feet, and upper to middle hthyal 
from 11,610 to 12,250 feet (fig. 61). 

Late Miocene-Poul Creek Formation 

The top of the Poul Creek Formation is at 12,250 feet, 
within the late Miocene section. The formation bomdary 
is marked by a change from mixed-lithology, coarse- to 
medium-grained Yakataga Formation sandstones, to the 
gray siltstones typical of the Poul Creek Formation. This 
contact is also identified on electric-well-log data (see 
chapter 5). It appears to be conformable at this location, 
similar to the late Miocene contact between the two 

formations at the Yakataga Reef section onshore (hgoe, 
1983). 

Additions to the benthic foraminifera fauna in the late 
Miocene portion of the Poul Creek Formation include 
Anomlina sp. cf. A. califorrzjemis, Anomdina glabrata, 
Anomalina sp. cf. A. salinasensis, Bulimina sp. cf. B. 
alligata, BulMna sp. cf. B. subcalva, Dor& sp., 
Epistominella parva, Pullenia malkinae, Troc- 
sp., Uvigerina sp. cf. U. hootsi, Uvigerinaperegrina 
hispidocostala, and Valvulineria sp. cf. V. auraaona. 
Arenaceous species, including Qclanunina spp., 
Haplophragmoides spp., Cribrostomoides sp., and 
others, are abundant below 13,260 feet. 

Other faunal elements present include biialve and 
echinoid fragments, teleost fish bone fragments and 
teeth, and ostracode bgments. 

Paleodepths in the late Miocene section of the Poul 
Creek Formation were upper bathyal from 12,250 to 
13,260 feet, and upper to middle Imhyal from 13,260 to 
13,480 feet (fig. 61). 

Between 13,UW) and 14,250 feet, the well encountered a 
medium- to coarse-grained sandstone unit containing 
lithic clasts of varying lithologies. Below 14,250 h t ,  
the lithology is indurated gray siltstone more typical of 
the Pod Creek Formation. Although b e  sandstone unit 
wuld be a section of Yakataga Formation that bas been 
overthrust by Poul Creek Formation, we interpret it to 
be a (submarine fan?) sand facies within the Poul Creek 
Formation on the basis of the gray siltstoae (IW Creek 
Formation lithology) immediately above and below it, 
and its middle to early late Miocene age. 

Middle Miocene 

The section from 13,480 to 15,390 feet (TD) is middle 
Miocene based on the highest OCC- of the early to 
middle Miocene planktonic foraminifera GIobororalia 
sp. cf. G. c0nthuo.w. This species appears at 13,480 
feet and occurs sporadically below this throughout the 
interval. A single specimen of Orbulina miversa 
(middle Miocene to Recent) at 13,510 feet and 
Globorotalia sp. cf. G. mayeti gate Oligocene to late 
middle Miocene) at 15,010 feet also support a middle 
Miocene age. Globigertra sp. aff. G. nepenthes at 
15,160 feet indicates an age w older than middle 
Miocene. Other planktonic species in the interval 
include Globigerina b u l l o ~ ,  Globigerina sp. cf. G. 
venezuelm, and Globigerina quadrdobutus trilolba. 
Globigerinita sp. aff. G. uvula is present at 14,200 feet. 



Additional benthic foraminifera present include 
Cassiriulina sp. cf. C. crassaformis, Cibicides perlucida, 
Dentalinu sp. cf. D. pauperata, Dorothia sp. cf. D. 
bulletta, Pkctina sp., and Sigmilina sp. 
Spirosigmilinela sp. cf. S. compressa, which was 
present in the late Miocene section of the OCS Y4080 
No. 1 well, occurs in the middle Miocene of the OCS 
Y-0014 No. 1 and 2 well at 13,900 feet. Atwmalina 
glabrata and Anomalina sp. cf. A. salinasemb, which 
were both observed in the late Miocene interval, are also 
present in the middle Miocene section. 

Other faunal elements present in the middle Miocene 
section consist of bivalve fragments, including prismatic 
shell layer fragments at 13,510 and 13,540 feet, 
echinold splnes, and ostracodes. A barren interval from 
13,560 to 13,590 feet contains nothing but small siderite 
nodules and may represent an interval of slow 
sedimentation or nondeposidoa. 

Paleodepths in the middle Miocene interval were upper 
to middlo Lathyul from 13,480 to 13,590 feef and upper 
bathyal from 13,590 feet to 15,390 feet ('ID) (fig. 61). 

ARCO OCS Y-0007 No. 1 well 
'Ihe ARCO OCS YMW)7 No. 1 well was drilled in 
250 feet of water to a TD of 17,920 feet. All well depths 
were measured from the kelly bushing (D), 95 feet 
above mean sea level. The well penetrated the Yakataga 
Formation from the seafloor to 11,580 feet, and 
encountered the Poul Creek Formation from 11,580 feet 
to 'I'D (fig. 62). 

Pleistocene 

The interval from the seafloor to 5.370 feet is 
Pleistocene in age based on planktonic foraminifera and 
diatoms. The section is subdivided into late Pleistocene 
from the seafloor to 2,770 feet and early Pleistocene 
from 2,770 to 5,370 feet. 

Late Pleistocene 

The unsampled interval from the seafloor to 1,410 feet 
and the sampled interval from 1,410 to 2,380 feet, 
where no planktonic foraminifera were fouud, are late 
Pleistocene based on the age of the underlying interval. 
From 2,380 to 2,770 feet, the section is late Pleistocene 
in age based on the occurrence of sinistrally coiled 
populations of the planktonic foraminifera 
Neogloboquudrim p h y a k m  (fig. 57). Globigerina 
bulloides is present in the planktonic population below 

2,380 feet, occurring throughout the remainder of the 
Neogene section. 

The benthic foraminifera assemblage present is similar 
to the boreal assemblage in the Wo-Pleistocene of the 
OCS Y-0080 No. 1 well and the Pli- of the OCS 
Y-0211 No. 1 well (sea append'i A). 

Other faunal constituents include bivalve and gastropod 
fragments, echinoid spines and fragments, b r y o m  
fragments, and rare shark teeth, salmonid teeth, 
pyritized diatoms, and ostracodes. 

Paleodepths in the late Pleistocene were inner to middle 
neritic from 1,410 to 2,380 feet, middle to outer neritic 
from 2,380 to 2,740 feet, and outer neritic to upper 
bathyal from 2,740 to 2,770 feet (fig. 62). 

Early Pleistocene 

The interval from 2,770 to 5,370 feet is early 
Pleisw.ene bnsed on the highest occurrence of the 

diatom Actinocyclus oculatus at 2,770 feet. The presence 
of dextrally coiled populations of the planktonic 
foraminifera NeogIoboquudrina phydeerma at 
2,860 feet and below also indicate an early Pleistocene 
age (fig. 57). Other planktonic foraminifera in the 
interval include Globigerinita glutinata at 2,770 feet and 
Glabigerinoides trild,w at 4,780 and 5,310 feet. 

Warmer water early Pleistocene conditions are also 
suggested by a small, broken delphinid (porpoise) tooth 
at 2,920 feet. The tooth is conical in shape and circular 
in cross section. It apparently comes from a warm-water 
species that lives today off the coast of California and 
does not range any farther north than Point Chcqtion 
@. Calkins, Alaska State Department of Fish and 
Game, personal commun.). 

Additional benthic foraminifera in the early Pleistocene 
interval include Buccella subperuviana, Roscalina 
ornatissima, Silicosigmoilim groenlondioa, T*hyaIL 
bartletti, Trjfarim sp. cf. T. baggi, and Uvigerina 
cushmuni. Rotalia colrrmbiemis occurs from 5,190 to 
5,310 feet. 

Additional faunal elements present include molluscan 
fragments, ostracodes, echinoid spines, and rare 
ophiuroid fragments. 

Paleodepths were outer neritic to upper bathyal from 
2,770 to 3,490 feet, middle to outer neritic from 
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3,490 to 5,310 feet, and outer neritic to upper bathyal 
from 5,3 10 to 5,370 feet (fig. 62). 

Pliocene 

The interval from 5,370 to 11,580 feet is Pliocene in age 
based on planktonic foraminifera. The section is 
subdivided into late Pliocene from 5,370 to 7,290 feet 
and early Pliocene from 7,290 to 11,580 feet. 

Late Pliocene 

The section from 5,370 to 7,290 feet is late Pliocene 
based on the presence of colder water, predominantly 
sinistrally coiled Neogloboquadrina pachyderms 
(fig. 57) throughout the interval. Minor warming 
episodes or incursions of warmer water are indicated by 
short intervals containing dominantly dextdy coiled 
populations. Other planktonic species include 
Globigerinoides trilobus at 5,370 feet and Globororalia 
sp. cf. G. inpata at 5,670 feet. 

The benthic foraminifera assemblage is similar to that of 
the Pleistocene with the addition of Epistominella 
pulchella, E. smithi, Pyrgo v e q e d w ,  Quitqeloculina 
agglutinata, Q. seminula, and Quinqueloculim sp. cf. 
Q. skzlkri. Roraliu COlUmbit?Mb occurs at 5,880 feet. 

Additional faunal elements include molluscan fragments, 
echinoid spines and fragments, and rare ophiuroid 
fragments, crustacean fragments, and ostracdes. 

Paleodepths were outer neritic to upper bathyal 
tht0ugh0ut the h l t e ~ a l  (fig. 62). 

Early PIiocerie 

The section from 7,290 to 11,580 feet is early Pliocene 
based on the presence of predominantly dextrally wiled 
popu1ations of Neogloboquudrina pachyderms (fig. 57). 
Other planktonic species in the interval include rare 
Globigerina quinqueloba and Neogloboquudrina 
dutertrei. 

Additional benthic species appearing in this interval 
include Cyclummina pusilla, Mehis  barleeunum, and 
Nonwnelka miocenica stella. Nonion sp. aff. N. 
goudkofi appears at 8,460 feet, while Uvigerina hootsi 
appears at 8,640 feet and U. exceUe~ appears at 
8,760 feet. 

Other faunal elements present in the interval include 
molluscan fragments, echinoid spines and fragments, 
and rare ostracodes and pyritized diatoms. 

Paleodepths for the entire interval were probably upper 
bathyal (fig. 62). 

Miocene 

The entire Miocene section appears to be missing in the 
OCS Y W 7  No. 1 well. There is no indication of late 
Miocene sinistrally coiled, wld-water populations of 
Neogloboquadrina padrydePma in the section above 
11,580 feet. Below 11,580 feet, there is a long-ranging, 
typically late Eocene (Refugian, fig. 55) to early 
Miocene (Saucesian) benthic foraminifera assemblage 
present. However, none of the species typical of the 
early Miocene section onshore are present. 

Oligocene 

The section from 11,580 to 15,950 feet is Oligocene 
(Zemorrian, fig. 55) based on benthic foraminifera. The 
Oligocene age, along with lithologic and electric-well- 
log enalyses (see chapter 5), indicates that the interval 
probably corresponds to the middle part of the Pod 
Creek Formation. 

The benthic foraminifera assemblage in the top part of 
the interval (1 1,580 to 12,000 feet) contains several 
species (includiig Cassidulina margareta, Cibiciaks 
elmaensis, Gyroidina orbiahris planata, and 
Valvulineriu menloensis) that have been recorded as high 
as the early Miocene Saucesian stage, but are much 
more commonly found in the Oligocene and late Eocene 
in Washington and California. Species characteristic of 
the early Miocene section were absent. Below 
12,000 feet, the assemblage does not contain species 
ranging higher than the Oligocene (Zemorrian stage, 
fig. 55). 

Rare, poorly preserved calcareous nannofossils are 
present in the lower part of the Oligocene section. A 
single occurrence of Reticulofenestra hillae (late middle 
Eocene to mid-early Oligocene) at 15,530 feet suggests 
an age no younger than early Oligocene. Also present 
are rare Cyclococcolithus neogammution (equivalent to 
Cyc l i cargo l i tAus f lo~)  at 15,574 feet (conventional 
core 8, appendix B9), and Dictyococcita bisecars at 
15,710 feet. The former species ranges from latest 
Eocene to middle Miocene, the latter from middle 
Eocene to late Oligocene. 

There is also an occurrence of frequent specimens of 
calcareous nannofossils identified as Coccolithus sp. cf. 
C. ormgensis at 15,710 feet (Jacobson and Akers, 
1985). This species, which is now referred to 
Pyrocyclur sp. cf. P. orangensis, ranges from late 



Oligocene to middle Miocene. The poorly preserved 
specimens do not appear to be caved (none were found 
anywhere higher in the well). If the identification of this 
species is correct, the interval (11,580 to 15,950 feet) 
may be no older than late Oligocene, conflicting with 
the early Oligocene age of Reticulofenestra hilkze 
mentioned above, and implying that R. hillae is 
reworked. This would suggest that much of the early 
Oligocene section could be missing, and that there could 
be an unwnformity at 15,950 feet between the late 
Oligocene section and the late Eocene section. However, 
because the preservation of Pyrocydur sp. cf. P. 
ormgensk was poor, this species may have been 
misidentified, and the species present may be a related 
form such as Pyrocyclus he- (early Oligocene to 
early Pliocene). If the species at 15,710 feet is 
Pyrocyclus ltemasm, then a more complete early(?) to 
late Oligocene section is probably present, R. h ick  is 
probably in place, and an d o r m i t y  between the 
Eocene and Oligocene sections is less likely. This is the 
interpretation that is depicted in figure 62, where the 
possibility of an unconfonnity at 15,950 feet is noted 
with question marks. Possible faults were noted on 
dipmeter logs at approximately 14,000 feet and at the 
base of the interval at 15,950 feet (see chapter 5), but 
they could not be detected with the bioshtigmphic data. 
Lithologic and well log data revealed no evidence 
supporting an unconformity at 15,950 feet. 

Several dinoflagellate species common in the late 
Eocene and Oligocene are also present in the section. 
These include Lejeunecysta hyalina (Eocene to early 
Miocene) at 12,540 feet, Cordosphaeridium 
microtriaimm (Eocene to Oligocene) at 15,389 feet 
(conventional core 8, appendix B-9) and 15,710 feet, 
and Dejlandria phosphoritica (Eocene to Oligocene) at 
15,710 fed. The longer-ranging Hystrichukulpma 
rigaudiae (Eocene to Pleistocene) occurs at 13,389 feet 
in a sample from conventional core 5 (appendix B-6). 

Numerous additional benthic foraminifera species occur 
in the Oligocene section. These include Cibiciks 
eltna-siwis (1 1,580 fcct), Cassidulina crass&-, 

Cassidulina sp. cf. C. margmeta and Gyroidina 
orbicularis planota (1 1,6 10 feet), Elphidium ntinrmun 
and Valvulineria sp. cf. V. menloensis (1 1,700 feet), 
Epistomha sp. cf. E. eocenica and UvigerineUa obesa 
impolitu at 12,000 feet, Cassidulina galvinensk 
(12,420 feet), Nonion bIakeleyensis (12,510 feet), 
Cibicides pseudoungerh (12,240 feet), 
Ellipso&aria sp. aff. E. cocaaensis (fragments) at 
15,000 feet, Gaudryina alazanensk (15,380 feet), and 
Anomalina calijomkmb (15,470 feet). Other species 

present include Anomalina sp. cf. A. loweryi, 
Bathysiphon sp. cf. B. eocenica, Bathysiphon sp. cf. B. 
smctoecrucis. Biloculina sp. aff. B. cowlitzensis, 
Bulimina sp. cf. B. ovata, Cassidulina sp. cf. C. 
caljfornica, Chsidulina sp. cf. C. &loensis, 
Ceratobulimina washburnensk, Comuspira byrmnsb, 
Cyclammina sp. cf. C. clarki, C. incisa, C. pacjEca, C. 
pacijica obesa, Dedina sp. cf. D. muata, Eggerella 
sp., Elphidium sp. aff. E. califomicum (fragments), 
Elphidium sp. cf. E. clavatum, Epktomina sp. cf. E. 
ramanensis, Epistominella parva, Eponides minimus, 
Glandulina sp. cf. G. laevigata, GuttukinafrMKi, G. 
irregularis, Haplophragmoh obliquicatnerota, H. 
ttullissata, Iiyperanunina sp. cf. H. elongata, 
KarrerieUo washingtmensk, Lagena sp. cf. L. 
substriata, Lentrntrculina becki, Lenticulina sp. aff. L. 
budensis, L. inorma, L. limbma hockleyensis, L. 
miocenica, L. nicbbarensis, L e e i n a  sp. aff. L. 
welchi, Martinottiella commmk, N h m i a  sp., N. 
longiscata, Nonwn sp. cf. N. plunatum, Oridorsalis 
umbonutws, Plectofiondi&id! sp., Pseudoghdulina 
infita, P. nallpeensis, Pyrgo lupheri, Quinqueloculina 
goodspeedi, Q. imperialis porterensis, Q. weaveri, 
Sigmilina tenuis, Sigmmrphina sp. aff. S. schenki, 
S~honodosaria sp. (fragments), Textularia sp. cf. T. 
adalta, Trochammina globigerin$onnir, T. parvo, and 
Verneuicina? sp. Planktonic foraminifera were not 
found in the section. 

Other faunal elements present include molluscan 
fragments, echinoid fragments, ophiuroid ossicles, 
pyritized diatoms, and rare ostracodes and radiolarim. 

Paleodepths in the Oligocene section were upper to 
middle bathyal and middle bathyal from 11,580 to 
12,600 feet. Middle bathyal conditions probably 
prevailed from 1 2 , m  to 15,950 feet (fig. 62). 

Late Eocene 

The section from 15,950 to 17,920 feet (+ID) is late 
Eocene. The top of the interval is based on the highest 
occurrences of Eponides kleinpelli. Uvigerina 
cocoaemk, and other species characteristic of the lower 
Refugian stage (late Eocene, fig. 55) of California, 
Oregon, and Washington. Also occurring in the top 
sample. of the interval (15,950 feet) are ~vigerina sp. cf. 
U. gallowayi, Uvigerina sp. cf. U. vicksburgensb, and 
Valvulineria w i l w k .  Other benthic species in the 
late Eocene section include Anomalina caljfomiensk, 
Bathysiphon spp., Bathysiphon sp. cf. B. eocenica, 
Cassidulina crassipunctata, C. galvinensk, C. 
modeloensis, Ceratobulimina washbumi, C i b i c h  
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Figure 62. Biostratigtaphy nnd 
paleodepth curve for the ARCO 
OCS Y-0007 No. 1 well. All depths 
are measured from the kelly 
bushing (KB), 95 feet above mean 
sea level. The well location is 
shown in figure 66. 



elmaemis, C. pseudoungerianus, Qclammina 
cancellata, C. cancellata obesa, C. darki, C. incisa, C. 
pacijica, Dentalina cornmunb, EIl@sonodosaria sp. cf. 
E. cocoaensis, Epistomim eocmumuca, Gyroidina 
orbicularis plamta, Haplophragmides 
obliquecamerata, H. ttullissata, Karreriella 
washingtonensis, Lagem smmosa, Lagena sp. cf. L. 
vulgaris, Sigmoilina tenuis, Sigmomorphina schencki, 
Siphogemrim? sp. aff. S. smithi, Sphaeroidk 
variabilis, Uvigerina sp. cf. U. churchi, and 
Verneulina? sp. AUomorphina sp. cf. A. macrostoma 
and Uvigerina atwilli occur at 16,140 feet. Planktonic 
foraminifera in the interval were scarce, poorly 
preserved, and problematic. 

A'late Eocene age for this section is also supported by 
dinoflagellate occurrences. lmpletosphaeridium 
implican~n (17,600 feet) indicates an age no younger 
than Eocene. Other dinoflagellates present, including the 
Eocene to Oligocene species Cordosphaeridium . . mimornavuun and Dejlmdria phmphoritica, and the 
longer ranging Paralecaniella indenrara, are all 
compatible with a late Eocene age. 

An assemblage of calcareous nannofossils indicating a 
late Eocene to Oligocene age range also occurs in the 
interval. It includes Chiusmolithus altus, C o c c d i r ~  
eopelagicus, Dictyococcites bbecrus, D. scrippsae, 
ReticuIOfenestra hillae, and Sphenolithus morjfonnis. 
Also prasent are Discolithinu vigintjorata, 
Tramverso- pulchm, and ~clococcolithw sp. cf. 
C. neogMuMtion ( C y c l i c a r g o l i t h w ~ ~ )  . 

Other faunal elements present include molluscan and 
echinoid fragments. Glauconite is an important 
accessory mineral. 

Paleodepths in the late Eocene interval were probably 
middle bathyal (fig. 62) based on frequent to common 
occurrenoes of arcnacoous foraminifera such rw, 
Comuspira bynmKnrb and various species of 
Cyclammina and Bathysiphon, and on calcareous species 
such as carinate fonms of Cassidrclina, costate spccics of 
Uvigerina, and large specimens of Epktomim, 
Gyroidina, and Anomulina. 

Texaco OCS Y-0032 No. 1 well 
The Texaco OCS Y-0032 No. 1 well was drilled in 
240 feet of water to a TD of 15,638 feet. All well depths 
were measured from the kelty bushing (KB), 86 feet 
above mean sea level. The well encountered the 

Yakataga Formation from just below the seafloor to 
13,580 feet, and penetrated the Poul Creek Formation 
from 13,580 feet to TD (fig. 63). 

Pleistocene 

The interval from the seafloor to 6,380 feet is 
Pleistocene based on planktonic foraminifera. The 
section is divided into late Pleistocene from the seafloor 
to 3,590 bet and early Pleistocene from 3,590 to 
6,380 feet. 

Late Pleistocene 

The interval from the seafloor to the first sample at 
475 feet is late Pleistocene based on the age of the 
underlying interval. From 475 to 3,590 feet the 
sediments are late Pleistocene based on the presence of 
predominantly sinistrally coiled populations of the 
planktonic foraminifera Neogloboquadrinu pad&kma 
(fig. 57) and a boreal assemblage of benthic 
foraminifera. This cold-water assemblage is very similar 
to that encountered in the Plio-Pleistocene section of the 
OCS Y-0080 No. 1 well and the Pleistocene section of 
the OCS Y-0211 No. 1 well (see a p n d i i  A), with the 
addition of Rotalia columbiensis at 2,090 feet and 
Polymorphina charlottensis at 3,020 feet. Globigerina 
bulloides was also present in the planktonic foraminifera 
assemblage. 

Paleobathymetry in the late Pleistocene interval was 
inner to middle neritic from 475 to 590 feet, middle to 
outer neritic from 590 to 1,130 feet, outer neritic to 
upper bathyal from 1,130 to 2,300 feet, middle to outer 
neritic from 2,300 to 2,900 feet, and outer neritic to 
upper bathyal from 2,900 to 3,590 feet (fig. 63). 

Early Pleistocene 

An early Pleistocene age is indicated by warmer water 
pplations of predominantly dextrally coiled 
Neogloboquadrinapachyderma (fig. 57) from 3,590 to 
6,380 feet. Also present are Globorotalia? sp. and 
Globigerina hulloide~. GIoborotalia sp. cf. G. 
puncticulata (reworked late early to early late Pliocene) 
is present at 5,720 feet, and Globigerinita humilis is 
present at 5,990 feet. 

The benthic foraminifera assemblage is very similar to 
that in the late Pleistocene section. 

The palwbathymetry of this interval was outer neritic to 
upper bathyal, with short inte~als  of middle to outer 
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neritic from 3,920 to 4,130 feet and from 4,700 to 
4,970 feet (fig. 63). 

Pliocene 

The interval from 6,380 to 13,460 feet is Pliocene in age 
based on planktonic foraminifera and siliceous 
namofossils. The section is divided into late Pliocene 
from 6,380 to 8,000 feet, and early Pliocene from 
8,000 to 13,460 feet. 

Late Pliocene 

Cold-water conditions characteristic of the Late Pliocene 
are indicated by the recurrence of predominantly 
sinistrally coiled populations of Neogloboquadrina 
pachydem (fig. 57) from 6,380 to 8,000 feet. 
Globigerina bulloides is also present. Globorotalia sp. 
cf. G. puncticulata at 7,640 and 7,850 feet supports an 
early late Pliocene age for the lower part of the interval. 

Additional benthic foraminifera found in the late 
Pliocene interval include Elphidiella a r h ,  
Haplophragmides sp. cf. H. trullisata, Trfarrina 
angulosa, T Juenr, and Uvigerina hoofsi. 

Paleodepths were middle to outer neritic 6rom 6,380 to 
7,640 feet, and probably upper bthyal from 7,640 to 
8,000 feet (fig. 63). 

Early Pliocene 

Early Pliocene warm-water fiunas characterized by 
predominantly dextrally coiled populations of 
Neogloboquadrina pachyaimw (fig. 57) are present 
from 8,000 to 13,460 feet. Other planktonic species 
present include Neogloboquadrina duterirei and 
Globigerina quhqueloba. Spechells of Globigerinita 
glutinota and G. uvula occur at 8,570 feet, and 
Globorotolia sp. cf. G. i n t  occurs at 8,660 and 
10.250 feet. 

Additional benthic foraminifera species occurring in this 
interval include Cribrostomoides veleronis, Cyc- 
cancellata, and Dentalima h i  at 8,420 feet and below; 
Dentalina frobisherensb, D. paqmata, Elphidium 
incernutt, Lagena h i s ,  Oolina lineata, 0 .  spmaru ,  
0. saiatopunctata at 10,460 feet a d  below; and 
Anomalina sp. cf. A. califomiensis, MarinottieUa 
communis, Uvigerina auberiana, and U. peregrina at 
13,160 feet and below. Polymorphina charIoaensis is 
once again present at 10,280 feet. 

The silicoflagellates Dictyocha sp. cf. D, fibula and 
Distephanus speculum, which are known from the early 
Pliocene (Perch-Nielsen, 1985b), occur at 8,990 feet. 
The diatom Denticulopsis KMltschatica, also 
characteristically present in the early Pliocene (Barron, 
1980), occurs at the same level. 

Paleodepths were outer neritic to upper bathyal from 
8,000 to 10,250 feet, and probably upper bathyal from 
10,250 to 10,880 feet. From 10,880 to 11,060 M, 
paleodepths were outer neritic to upper bathyal. Sparser 
faunas with decreased planktonics from 11,060 to 
13,160 feet suggest possible middle to outer neritic 
conditions. From 13,160 to 13,460 feet conditions were 
outer neritic to upper bathyal (fig. 63). 

Miocene 

The interval from 13.460 to 13.760 feet is Miocene is 
age. The section is divided into possible late Miocene 
and possible early Miocene segments by an 
unconformity surface at 13,580 feet. 

Possible Late Miocene 

Rare occurrences of sinistrally wiled Neogloboquadrina 
pachydeima in the interval from 13,460 to 13,580 feet, 
if not caved, indicate the cold-water wnditions 
characteristic of the late Miocene (fig. 57). Also present 
are Globigerina bulloides and Globigerinoides sp. cf. 
G. triIobus. The benthic foraminifera assemblage was 
similar to that of the overlying section. 

Paleodepths were outer neritic to upper bathyal (fig. 63). 

Possible Early Miocent+Poul Creek Formation 

The top of the Poul Creek Formation is placed at 
13,580 feet based on well log data and lithology (see 
chapter 5). The age of the uppermost part of this interval 
is uncertain, but the presence of a broken specimen of 
the benthic foraminifera Siphogenerina sp. aff. S. 
Meinpelli at 13,640 feet suggests a Saucesian age (early 
Miocene, fig. 55) from 13,580 feet to the top of the 
underlying interval at 13,760 feet. Siphogenerina 
kleinpelli has been described in Saucesian d i t s  
onshore in the Gulf of Alaska atea, where it occurs in a 
stratigraphic section on the north and west side of Kayak 
Island and (Siphogenerina sp. cf. S. Heinpelli) in the 
White River No. 3 well (Rau and others, 1983; fig. 66 
and table 1). 
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The apparent absence of middle Miocene sedimeats in 
the well suggests that the contact at the top of the Poul 
Creek Formation (13,580 feet) is unconformable. 

Planktonic foraminifera in the internal include 
Globigerh sp. and G. bulbides. Additional benthic 
foraminifera in the internal include Bulimina sp., 
Cassidulina laevigata carhta, C. margareta, C. 

Figure 63. Biostratigraphy and 
pa ldepth  curve for the 
Texaco OCS Y-0032 No. 1 
well. All d e w  are measured 
from the kelly bushing (KB), 
86 feet above mean sea level. 
The well location is shown in 
figure 66. 

pulchelh, Epistominella pw, Noharia? sp., 
Sphaeroidina? sp., T c f f u M  sp., and Uvigerh 
montesammir. 

Paleodepths for the possible early Miocene section were 
upper bathyal (fig. 63). 
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Oligocene 

The section from 13,760 to 15,638 feet m) is 
Oligocene in age based on the presence of deep-water 
calcareous foraminifera (species of Gyroidina, 
Anomalina. Cibi-, and Cassidulina) and arenaceous 
foraminifera typical of Oligocene (Zemorrian) and older 
sediments of Califomia, Oregon, and Washington (fig. 
55). The planktonic fommbifeta Globigerina sp. cf. G. 
sellii at 14,210 feet and below also s u e  an 
Oligocene age. Other planktonic foraminifera include 
Globigerina sp. and Globigmina sp. cf. G. bulloides. 

The benthic foraminifera assemblage include8 
A1Iomrphi.a macrostoma, Anomalha wlfomiemis, 
Anomalina sp. cf. A. loweryi, Buthysiphun an-cnica, 

Bulimina alligata, B. blakelyemis, B. oWa, B. 
pupoides, B. pyrulo, B. rinconensis. Bulimhello 
subfusiformis, CIm~icluZina sp. of. C. galvincnsiz, C. 
kernensis, C. modeloensis, Gwsidulinoidar sp., 
Cibicides elmaensis. C. pseudoungerhus, C o ~ i r a  
byr-NL, Cyclammina clarki, C. back, C. &, C. 

pacijica, Dentalha spp., D. communis, D. morbina, 
Discamminu eocenrenrca, EggmeUa sp., Elphidium sp. cf. 
E. californicum, E. minulum, Epktmha eocenica, 
Eponides gavwtaensk, E. healdi, E. minimur, 
Gaudryina sp., G. aluzanewis, Gbbobulhha sp. cf. 
G. hannai, Guttulina irregular&, Gyrokha d n i ,  G. 
orbiculoris planata, G. soldanii, Hqlophragmoides 
deflata, Hyperamminu elongat., KarrKmrerieMa 
washingtonensis, Lagena sftunrosa, L. vulgmis, 
Lenticulina crassa, Latidina sp. cf. L. chehakmk, 
Lenticulina sp. cf. L. texanus, Martinottie& eocenb, 
Nodosaria sanctaecruck, N o n h  bhkbyemis, Novrihn 
sp. cf. N. calgomiensis, N i n c h ,  W r s a l i s  
umbonatus, Plectina garzaensis, PsardogMina 
+ta, PserrdogZandr~linn sp. cf. P n a l l p ~ ~ n ~ i ~ ,  
P s e u d o p o l y m o ~  sp., Pulknia eocenica, P. 
multilobota, Pullenia sp. cf. P. quinquelobn, W g o  
cowliizmtr (large), P- lupheri, Quinquelodina 
imperialis, Q. imperialis porterensb, QuinquelonJina 
sp. cf. Q. g d p e e d i ,  QuinquelonJkra weaveri, 
Rhabdammina eocenh. Ttochammina sp. cf. T. 
globigeriniformis, Trochammina sp. cf. T. parva, 
Sigmoilina tenuis, Sigmomorphh mdulata, 
Sphaeroidi~ variabilk, U v i g h  sp. cf. 
U. carmeloensis, Uvigerina sp. cf. U. gamensis, 
UvigerineUa obesa impolita, Vaginulinopsis saundersi, 
and Verneuilina sp. aff. V. compressa. Ellip&aria 
sp. aff. E. cocuaensk (fragment) occurs at 14,000 feet. 

The late Eocene to middle Miocene calcareous 
nannofossil Cyclococcdit?u4s sp. cf. C. neogMvnarion 

(equivalent to Cyclicargolithusflor~) was noted at 
15,070 feet. No age-diagnostic dinoflageUates were 
identified. 

Other faunal elements in the section include molluscan 
fragments, gastropods, ostracodes, echinoid spines and 
fragments, and pyritized radiolaria. Glauconitic 
sandstone is present from 14,030 to 14,120 ftet. 

Paleodepths for the Oligocene section were upper to 
middle bathyal (fig. 63). 

ARCO OCS Y-0211 No. 1 well 
The ARCO OCS Y-0211 No. 1 well wag drilled in 
450 feet of water to a TD of 17,810 feet (fig. 64). All 
well depths were measured from the kelly bushing (KB), 
86 feet above mean sea level. The well eacouotered the 
Yakataga Formation from the seafloor to 4,805 feet, the 
Poul Creek Formation from 4,805 to 8,570 feet, the 
Kxdthieth Formation from 8.570 to 16.430 k t .  
sediments equivalent to the Oily Lake siltstone (Platker, 
1987) from 16,430 to 17,545 feet (see chapter 5), and 
volcanics and minor mounts of shale and siltstone that 
are possibly equivalent to the Hubbs C d  basalt (see 
chapter 5) from 17,545 feet to TD. 

Late Pliocene to Pleistocene 

The upper 4,805 feet of the ARCO OCS Y m l l  No. 1 
well consists of glaciomarine silts-, conglomerates, 
and sandstones of the Yakataga Formation. The boreal 
foraminifera assemblage in this section of the well is 
similar to the assemblage in the Plio-Pleistocene section 

of the OCS Y-0080 No. 1 well and other OCS wells in 
the Gulf of Alaska (see appendix A), and is only broadly 
age diagnos(ic. The intcrval from the seafloor (536 
below KB) to 1,580 feet in the well was not sampled for 
microfossils, but is probably late Pliocene to Pleimcme 
in agc bas& on the age of thc undcrlyiag interval 
(fig. 64) and the cross-sectional geometry of the 
continental shelf structure. Seiimic evidence suggests 
tbat thc Pleistocene sequence in the vicinity of the OCS 
Y-0211 well is thin. Seismic proliles show that shelf 
edge uplift centered in the Fairweather Ground area 
(fig. 28) has tilted the shelf landward, causing the 
Pleistocene section to be thicker neamhore and to thin 
seaward in the direction of the well (see chapter 4 and 
plate 3A, Sines YT-1 and YT-2). As a result of this 
uplift, the upper part of the tilted section is truncated at 
the seafloor landward of the OCS Y-0211 No. 1 well, 
and a significant portion of tbe =stocene section has 
probably been removed at the well site. 



Pliocene sp., Nonionella labradorica, Oolina cmkzta, 0 .  

The section from 1,580 to 4,805 feet is Pliocene in age. 
The section is divided into late Pliocene from 1,580 to 
2,120 feet and early Pliocene from 2,120 to 4,805 feet. 
The age of the interval and its division into early and 
late Pliocene are based primarily upon the coiling- 
direction trends of sparse populations of the planktonic 
foraminifera Neogloboquadrina pachydmma (fig. 57), 
and on siliceous microfossil OCC-. 

Late P l i i n e  

From 1,580 to 2,120 feet, scant but persistent 
populations of Neogloboquudrina pacfrydmma are 
composed entirely of sinistrally coiled forms, indicating 
cold water. From 2,120 to 4,805 feet, the sparse 
populations of Neogloboquudrina pachyabma range 
from 25 to 100 percent dextrally wiled, indicating 
warmer water. When compared to the generalized 
Neogloboquadrina p a c m  coiling curve (fig. 57,  
this sequence resembles the pattern of either the early 
and late Pleistocene warm and cold intervals or the early 
and late Pliocene warm and wld intends. Because of 
the probable truncation of the Pleistocene section 
mentioned above, this is most likely the Pliocene 
section, with the change m Neogl-rina 
pachydem coiling ratios at 2,120 feet marking the 
division between early and late Pliocene. 

Other planktonic foraminifera in the late Pliocene 
section include Globigerina bulloriies, G. quinqueloba, 
and Neogloboquadrina mnertrei. 

A late Pliocene age for the upper portion of the well is 
supported by rare occurrences of the diatoms 
Thalusswsim mckvi i  (which ranges no higher than 
late Pliocene) and Dendculoprls semlnae (late Pliocene 
to Recent) at 1,760 feet. Additional siliceous 
microfossils in the late Pliocene section include the 
diatom ~Z(cssiusiru gruviclu (1,760 feet and below) 

globosa, Pyrgo lucernula, P. murrhina, P. rotalaria, 
Quinqueloculina akneriana, Q. seminulum, Triloculina 
tricarinata, T, trihedra, Trjfmina angulawz, T. fluens, 
Uvigerina cushmuni, U. juncea, and U. peregrina. Also 
present are Elphidiellu nit& and Marginulina sp. cf. M. 
glabra (1,730 feet), Polymorphina charbttknensb 
(1,760 feet), and Rotalia columbiensk (1,880 feet). 

Other faunal elements in the late Pliocene sccticm 
include barnacle fragments, bivalve and gastropod 
fragments, echinoid spines and plates, ostracodes, and 
serpulid worm tube fragments. A shark skin denticle 
was found at 2,030 feet. Bryozmn fragments are also 
present, including the erect b r y o m  Myriozm 
subgracile at 1,820 feet. This species is known from 
Recent neritic environments on Albatross Bank, neat 
Kodiak Island (Cuffey and Turner, 1987). 

Paldepths in the late Pliocene interval were middle to 
outer neritic (fig. 64). Sinistrally wiling 
Neogloboquadrina pachydenna indicate wld-water 
conditions. 

Early Pliocene 

The section from 2,120 to 4,805 feet is early Pliocene in 
age. The top of this interval is marked by the highest 
occurrence of elevated percentages of dextrally coiled 
Neogloboqmdrina pachydenna, indicating early 
Pliocene warmer water conditions (fig. 57). Other 
planktonic foraminifera in the early Pliocene section 
include Globigerina bulloides, G. quinqwloba, and 
Neogloboquadrina dutmtrei, with the addition of 
Globigerinoides? sp. cf. G. trilobw at 3,350 feet, 
Globorotalia sp. cf. G. acomemis at 4,450 feet, and 
very rare to rare occurrences of 50 to 100 percent 
dextrally wiled Neogloboqzdrina  pachyderm^ variety 
"incompta" ( K e ~ e t t  and Srinivasan, 1980) at 2,930, 
3.83. and 4.780 feet. 

and T. nidulus (1,910 feet and below). 
The silicoflagellate Mesocena diodon, which ranges w 

Benthic foraminifera in the lab Pliocene section incluck 
Buccellafiigida, B. inusima, B. tenerrirna, Cassidulina 
califomica, C. cmhmani, C. islandh, C. limbara, C?. 
norcrossi, C. rejlexa, C. mbgbbosa, C. teretis, C. 
transluscens. Cibicidespetcheri, C. labatuiw, C. 
mcRarvuri, Dentalina baggi, D. decepta, D. 
fiobisherenst, Elphidium M e t t i ,  E. clawawn. E. 
fiigidum, E. hughesi, E. hxrtum, Elphidieella sp. cf. E. 
arctica, E. oregonense, Epbwmineella sp. cf. E. nurai, 
Fissurina lucida, Ghdulina sp., Karreriellu bacw,  
Lagena sulcata, Lmticulina sp. cf. L. occidentalk, L. 

higher than the early Plicrcene D i s t e p h  b o l ~ i s  
wne (Martini and Muller, 1976). occurs several times 
between 2,120 and 2,870 feet, supporting an early 
Pliocene age for the section below 2,120 feet. 
Additional siliceous microfossils in tbe early Pliocene 
section include the diatom Actinocyclus oculaFus at 
2,660 feet, and the siliwflagellate Stephanom 
horridus at 3,560 feet. Specimens of the diatoms 
Rhizosolenia curvirostris, Denticulopb seminae, D. 
seminae var. fossilir, and the siliwflagellate Distephanw 
octonarius are also present in the early Pliocene d o n ,  
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but these are considered to be caved Erom uphole or to 
represent contaminants from recirculated drilling mud. 

Additional benthic foraminifera species appeariOg in the 
early Pliocene section include Cassidulina sp. cf. C. 
lmigata, Cribroelphidium sp. cf. C. promaenre, 
ElphidieUa sp. cf. E. arctka, E. gr-, 
Epistominella pacijica, E. pulcheUa, Fissurina 
marginata, GIondulina laevigata, Haplophragmoides 
sp., Lagena sp. cf. L. striata, Protelphidicmr orbkube, 
Pulleniq malkinae, P. salisburyi, QuinqwMina 
Jamarckiuna, Quinqueloculina sp. cf. Q. oblonga, 
Quinqueldina sp. cf. Q. subrotunda, Trjfmina sp. cf. 
T. hughesi, Ti-- sp. cf. T. globigerinoides, 
Uvigerina sp. cf. U. hootsi, and Uvigerina sp. cf. U. 
subperegrina. 

Additional faunal elements appearing in the early 
Pliocene section include barnacle hgments, bivalve and 
gastropod fragments, echinoid spines and plates, 
bryozoan fragments, and seipulid worm tube fragments, 
plus siliceous sponge spicuIes and additional species of 
ostracodes. Also present is the erect, articulated 
b r y o m  Microporin0 mciculata (4,430 feet), a species 
that also occurs in littoral to neritic, moderate to 
strong-current environments in Recent dmts on 
Albatross Bank (Cuffey and Turner, 1987). 

Paldepths for the early Pliocene were middle to outer 
neritic, deepening to outer neritic to upper bathyal 
conditions from 4,250 to 4,805 feet (fig. 64). 

Early to Middle Miocene 

Changes in well log characteristics at 4,805 feet (SP, 
resistivity, and dipmeter curyes) and the presence of 
glauconitic sand at 4,820 feet are used to define the top 
of the Poul Creek Formation (see chapter 5). An early to 
middle Miocene age (Saucesian to Relizian, possibly 
Luiian, fig. 55) for the interval from 4,805 to 
5,360 feet is suggested by the presence of the benthic 
foraminifera Siphogenerina sp. cf. S. branneri at 
4,910 feet. mere is also an occurrence of Siphogenerina 
sp. cf. S. brameri? in a late early to early middle 
Miocene section on Kayak Island (R. S. Boettcher, 
personal commun., 1991; sse also the discussion of the 
middle Miocene section in the OCS Y4080 No. 1 well, 
this chapter). Sphaeroidina bulloides is present at 
4,820 feet. 

Paldepths in this interval were probably upper to 
middle bathyal (fig. 64) based on a foraminifera1 firm 
that includes Gyroidina soldonii, Melonir povnpilwides, 

Pullenia salisburyi, Siphogenerina sp. cf. S. branneri, 
Sphaeroidina bulloidRF, Uvigerina sp. cf. U. peregrina, 
and several arenaceous taxa including Cyclmina 
cancellata, Qclammina sp. cf. C. paca$ca, 
Haplophragmoides spp., Karreriella sp . c f. K. baccata, 
MartinottieUa commmk, and P s w a  sp. 

Oligocene 

The interval from 5,360 to 7,250 feet is Oligocene in 
age. The section is divided into late Oligocene fiom 
5,360 to 6,800 feet and early Oligocene h m  6,800 to 
7,250 feet. 

Late Oliiocene 

The interval from 5,360 to 6,800 tket is late Oligocene 
(late Zemorrian, fig. 55). The top of the interval is in 
part based on the lowest occurrence of Miocene 
microfauna and microflora, including pollen of the 
group Compositae at 5,180 feet and the foraminifera 
Siphogenerina sp. cf. S. brannui at 5,276 feet. The top 
of the Oligocene section coiacida with a Q a n s i h  to 

middle to lower bathyal paleodepths (fig. 64). This 
depth (5,360 feet) also marks the highest occurrence of 
the planktonic foraminifera G l o b i g A  sp. cf. 
G. euapertura, a species that is characteristic of the 
Oligocene, but also ranges into the early Miocene (BoIli 
and Saunders, 1985). Additional planktonic foraminifera 
include the long-ranging specks GJobigerbu 
praebulloides and Globigerim sp. cf. G. venezuelm. 

Isolated specimens of the calcareous xwmofiwsil 
Reticulofnesh-a hhillae occur at 5,630 k t ,  This species 
is generally considered to be early Oligocene, and may 
be reworked. 

Benthic foraminifera in the sccticm include Aderconymo 
sp., Anomalina glabrara, Buccellu muqfkldi 
oregonensis, BucceUa sp. cf. B. parkrae, Bulhha 
ovata, Cassidullina sp. of. c. C T O S S ~ ,  c. 
galvinensb, Cussidultna sp. cf. C. modelmis, 
Cibicides sp. aff. C. elmaensis, C. froridmu, C. 
mckannui, Cibicbb ep. cf. C. perlucida. 
C r i b r o e l '  sp. cf. C. vulgare, ~ h m m i n a  
cancellata. C. pacijiaa, EIpWka sp. cf. E. 
californica, Globobulimina pacjfiw, GbnuqireUa sp., 
Gyroidina sp. cf. G. condoni, Gyroidina orbicukwis 
planata, G. s o W i ,  Hqlophragmoides 
obliquecamerata, H. trullissata, Melonis pompilwides, 
Oridorsalis sp. cf. 0. umbonatur, QuinqueMina sp. 
cf. Q. im-is, and Quinqueloculina sp. cf. Q. 
weavmi. 



Other faunal elements present include cchiw'1d spim 
d fragments, teleost fish tooth fragments, ostracodes, 
and cenoaphaerid radiokirk. 

Paleodeptbs for the late Oligocene were probably middle 
to lower bathyal (fig. 64). 

Early Oligocene 

The section from 6,800 to 7,250 feet is early Oligocene 
(early Zemoman), with the top of tbe interval being 
placed at the highest occurrence of the dwyst  species 
Spiniferim sp. cf. S. mernbramamous. The Oligocene 
calcareous MMO~&&~ Dictyococcices bke- is present 
at 6,800 feet. 

Planktonic foraminifera present include Globigerina sp. 
and Globigerinu sp. cf. G. bdloides. The benthic 
foraminifera assembla@e is similar to that in the -tion 
above, with the addition of el lip so^ sp., 
Gurtulh ap., Lenridina sp., Margindindl sp., 
PseudoglatuWina sp. cf. P. k i g a t n ,  Sphueroidina 
vuriabilb, Trodtcmvnina sp. cf. T. globigerin&ormis, 
Uvigerina sp. cf. U. subpetegrina, and Valvulineriu tap. 

Spongodiscid and cenosphaerid radiolaria and pyritkd 
diatoms are also present. 

Paleodeptbs were probably middle to lower bathyal 

(fig. 64). 

Late Eocene to Early Oligocene 

The interval from 7,250 to 8,270 feet is late Refugian in 
age (probable latest Eocene to earliest Oligocene, 
fig. 55). The top of the interval is based on the highest 
occurrence of the bendric f d f e z a  Epirtomb 
eoceniar. Other benthic foramfnltkra S U C ~  as Uvigerinu 
cocoaensis (7,880 feet) and U. otwilli and Uvigerina sp. 
cf. U. jacbonensis (8,150 feet) support a Refugian age. 
Alabamina sp. cf. A. wi lc~~~rnr is  occurs at 7,700 ht. 

Calcareous nannofo89ils, including Dictyococ& 
bisectus (lato middle b n e  to w l y  late Oligaxme) 
below 7,250 feet and Dircolithinu vigi&forata below 
7,550 feet, are relatively common. W - t  
populations of ~ ~ I o ~ ~ ~ c o I i t h u s  neogammatkm 
(equivalent to Cyc l i cargo l i thuspO~,  late Eocene to 
middle Miocene) occur below 7,640 feet. TiK late 
Eocene to crvly Oligocene species R e t i c u l o f ~ u  
hillue is present at 7,730 and 7,910 kt. Also preseat at 
7,910 feet are ChiusmoIirhur amraruenrb (late Eocene 

to early Oligocene), Zygrhablithus bjiugaac~ (late 
Eocene to late Oligocene), and common Dictyococcita 
scrippsae (middle Eocene to late Oligocme). A worn 
hgment of Polycladolithus operosus (early to late 
k e n e )  at 7,910 feet may be reworked. 

Populations of the diflapkte Cordosphaeridimn 
microtriainra, an Eocene to Oligocene speciea, are 
consistently present at 7,160 feet and below. %re is a 
single occurrence of Areosphaeridium cIiktyoploRus, a 
predominantly Eocene species that ranges into the early 
Oligocene, at 7,550 feet. A solitary specimen of the 
Paleocene to middle Eoceae palywmorph 
PbtilIipoUenitts mcgregori at 7,640 feet is probably 
reworked. 

Additional benthic foraminifera present include 
Alabamina sp. cf. A. krnetwis, Amnmiharr sp., 
Bizthysiphon sp., Cassidulina sp, cf. C. g a l v h b ,  
Cyclommina spp., Eggere& sp., Ellips- sp. 
cf. E. cocwemL, EpoPtidas sp. cf. E. frizzelli, E. 
gmiotuensb, Gidtulina sp. cf. G. hantkeni, Gyroidina 
orbicularir, Kimeriella ap., Lagem sp., Lagena sp. cf. 
L. Coslata, Lartiarlina sp. cf. L. ino?mata, lhllidina 
sp. cf. L. weaveri, MurthrhIla? sp. (fragment), 
O r t h o m o ~  sp., Pkctofrondhlaridl sp., 
R h d u b m h  sp. cf. R. eoceniw, U v i g h  sp. cf. U. 
y a z m i s ,  and V a l v u l M  sp. cf, V. tumeyemis. Also 
present are Cyclunmim pucjfica, H~phrugmoides 
spp., and Melonk pompilwides. Planktonic foraminifera 
present include G l o b i g h  sp. aff. G. bulloides. 

Paleodepths were middle to lower bathyal h m  7,250 to 
7,340 feet. From 7,340 to 8,270 feet, paledepth were 
upper to middle bathyal (fig. 64). 

Eocene 

The section from 8,270 to 17,810 feet ('I'D) is Eocene in 
age, and includes strata a s s a ~ M e  to the Pod Creek and 
Kulthieth Formations, the Oily Lake siltstone, and, 
possibly, the Hubbs Creak basalt. Tbe section is late 
Eocene from 8,270 to 11.750 feet, midrlle Eaceae from 
11,750 to 16,430 fect, and early to middle Eocene from 
16,430 to 17,810 feet (TD). 

Late Eocene 

The section from 8,270 to 11,750 feet is late Eocene 
(Reman, fig. 55) in age based on dinoflagellates and 
benthic and planktonic foraminifera. 
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ARCO OCS Y-0211 NO. 1 WELL 

P i  64. Biostratigraphy and paleodepth curve for the ARCO OCS Y-0211 No. 1 well. All depths are 
measured from the kelly bushing (KB), 86 feet above mean sea level. 'Ibe well location is shown in figure 66. 

Biostratigraphy, I33 



Late Eocene-Poul Creek Formation Spiroplectammim? sp., Texlularia sp., 

The upper part of the late Eocene section from 8,270 to 
Trochamminoides sp., Uvigerina atwilli, U. conmensis, 

8,570 feet consists of Poul Creek Formation sediits.  
Vaginulha sp., and Vaginulinopsb sp. cf. V. saundersi. 

The top of the interval is marked by the bighest Plaaktonic foraminifera present include G l o b i g h  sp. 

occurrence of several late Eocene diiflagellate species, (crushed). 

including Adnatosphaeridiumpahdum at 8,270 feet and 
C o r d o s p h a e r i d i u m ~  and Zmpleto~phamidim 
implicatum at 8,360 feet. A late Eocene age is also 
supported by the presence of several s p e c b  of the 
planktonic foraminifera Globorotallia hdita (late 
Eocene; Jenkins, 1971) at 8,420 feet, and by the benthic 
foraminifera Uvigerh sp. cf. U. vicRrbwgensk at 
8,510 feet. Other planktonic fwaminifera present in the 
Pod Creek Formation section b m  8,270 to 8,570 feet 
include Globigerim sp. cf. G. eocama (late early 
Eocene to early Oligocene). 

Rau and others (1983) refer to a similar Refugian 
foraminifera assemblage from the Gulf of Alaska 
onshore section as indicating "cold, deepwater 
conditions. " However, they also maintain that the 
presence of species such as Quinqueloculina imperial& 
may indicate shallower deptb. FbrtbfrnMe, Robinson 
(1970) suggested that the bathymetric range of the 
Cyclommina may have extended into shallower deptbs in 
the Eocene. These observations, taken together with the 
sandy, more terrigenous d i t s  in which the 
foraminifera assemblage occurs, suggest outer neritic to 

Additional benthic foraminifera present include upper bathyal paldepths in the late Eocene part of the 

Biloculina sp., Lenficulina weaveri, Melonis sp. aff. M. Kulthieth Formation (fig. 64). 

umbonotus, Pseudbghddina sp., and Valvulineria sp. 
Middle Eocene 

F'aleodepths in the late Eocene part of the Poul Creek The section from 11,750 to 16,430 feet also consists of 
Formation section were upper to middle hthyal Kulthieth Formation lithologies (see chapter 5). It is 
(fig. 64)- middle Eocene in age (Narizian, fig. 55) on the bask of 

the highest occurrences of the benthic forruninifera 
Late Emne - KuWietb Fonnation Lem'dina chirana at 11,750 feet and Lemntrculha sp. 

The late Eacene section continues from 8,570 to 
11,750 feet. At 8,570 feet, well log data (SP, gamma 
ray, and sonic logs) indicate a change to sandier 
lithologies defining the top of the Kulthieth Formation 
(see chapter 5 and plate 6). Below 8,600 feet, the sand 
fraction increases in cuttings samples and coal frtrgnmts 
are frequent. 

The foraminifera assemblage consists almost entirely of 
henthic species. It is similar to tbat of the overlying - 
interval, but becomes sparse below 8,690 feet. Several 
of the species support a Refugian age, iucludiig 
Uvigerk v i c k ~ h u r g d  (8,690 feet), U14geri.w ep. of. 
U. gmdneri (8,W feet), Bulimh comgata (9,770 
feet), Epistomina sp. cf. E. eocenica and OSM~&~U 
tenuicarima (10,940 feet), and Epistomina sp. cf. E. 
r-is (10,850 feet). Other species include 
Ammodhcur incertus, Ammodism sp. cf. A. macilenars, 
Bathysqhon sp., Bulhina sp. cf. B. ovata, Bulimba sp. 
cf. B. pupoides, Cibicides elmaensis, C. perlucidw, 
C)rclarnmina sp. cf. C. cancelhm, C. pacijh, 
Disccmvnino? sp., Ep0nide.v sp., Globobulimina 
pac@w, WoidLta sp., Kameriella? ep., Lcntlntlculina 
spp., L. ahto-limboto, L. cowgRlLF, L L.I?ia&l, 

cf. L. welchi at 11,930 feet. This age is also wrppoaed 
by the planktonic species Globigerina nipartita at 
13,640 feet, and "Turborotallia" sp. cf. T. wixsmi 
(Tournatkine and Luterbacher, 1985, fig. 27.1, midme 
Eocene occumnce) and Globigerina eo(yKM at 14,270 
feet. A Narizian age is also indiited by other elements 
of the benthic foraminifera assemblage, includiog 
BudarhaeveUa sp. cf. B. multicostata, E&mhks 
mexiconus, P l e c @ a i a  sp. cf. P. j e M ,  snd 
Uvigenha sp. cf. U. g a d  at 12.1 10 feet: BoZdia 
hodgei at 12,200 feet; Bulimkra sp. cf. B. microcostara 
at 12,830 Chilostomeella sp. cf. C. cylindroih st 
12,920 feet; UvigerineUa sp. cf. U. obesa hpolita at 
13,OlO faet; Lemnnculina insueta at 13,550 feet; 
Pkufostomeella sp. cf. P. paleocedm at 14,000 feet; 
Dorothia sp. cf. D. b u l b  at 14,360 k& Bolivina sp. 
cf. B. scabrata at 14,540 W, Retidophnagmiam 
(Alveolophmgmiurn) sp. cf. R. ampkakm at 15,890 
feet; Bulimina sp. cf. B. instobilk, Gibe sp. cf. C. 
formmaiu, and Tritadina sp. aff. zealandica at 
16,250 feet; and Bulimina sp. cf. B. ampla, Bulimina 
sp. cf. B. comgata, Bulimha sp. cf. B. lirata, 
Bulimha sp. cf. B. pynrla, and Polymorphbm sp. cf. P. 
ovatcr at 16,340 k t .  

P k c t o f i o n d i ~  sp., QuhpeCoculina imjmialLr, 
Soracenario sp., Spiroloculina ~srcma, 
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Other benthic species present include Allomorphina sp. 
cf. A. macrostoma, Bulimina owla, hsidulina sp. aff. 
C. globosa, Cerambdimina sp. cf. C. washbunti, 
Chilostomella ovoides, C i b k i h  sp. aff. C. 
spiropunctatus,  ides sp., Cyclammh sp. 
cf. C. clurki, C'ycibtuhu sp. cf. C. simienris, 
Globobulimina pacijica, G. pacjfioa oregonensis, 
Glomospira? sp., Haplophragmoides sp., Lenttdina sp. 
cf. L. inornata, Lentidina sp. aff. L. vortpx, 
Marti&lh? sp., Reophax sp., Sigmoilina sp., 
~~i~o~lecrc~nmina  sp., TextuImia sp., Trochammina sp., 
Uvigerina sp., Uvigerina sp. cf. U. churchi, Uvigerina 
sp. cf. U. yazooensis, Valvuineria sp., Valvulineria sp. 
cf. V. auneyenis, and Virgulina sp. 

The spore Pesavis taglaami3 occurs at 12,050 feet, 
supporting a middle Eocene age. Dinoflagellates present 
at 12,330 feet include Wilsonidinium trtennedk, 
which ranges from early to middle Eocene, and 
abundant specimens of Areosphaeridium diktyo-. 

Paleode&s throughout rhe middle Eocene interval were 
outer neritic to upper bthyal (fig. 64). 

Late Early to Early Middle Eocene 

The section from 16,430 to 17,810 feet (TD) is late 
early Eocene to early middle Eocene (matizian, fig. 55) 
based on benthic and planktonic fbiamiaifera. A change 
in lithology accompanied by a relatively large change in 
paleobathymetry fiom outer neritidupper bathyal to 
middle to lower bathyal at the top of this interval 
suggests an unconformity (fig. 64). The section h m  the 
possible unconformity at 16,430 feet to 17,545 feet 
consists of dark-gray siltstone. Pla&er (1987) described 
a dark-gray "Siltstone of Oily Lake" sequence (referred 
to as the Oily Lake siltstone in this study) of probable 
Ulatizian age that outcrops onshore in the Samovar Hills 
area, where it is separated h m  the overlying Kulthieth 
Formation by an apparent mcodiOzmiLy. Well log 
characteristics (SP, density, and d c  logs), lithology, 
stratigraphic position, age, and the possible 
unconformity at the top of the siltstone interval in the 
well suggest that it is probably equivalent to the Oily 
Lake siltstone sequence onshore (see chapter 5). 

This interval is no younger than late early Eocene to 
early middle Eocene on the basis of the highest 
appearance of the benthic foraminifera Vaginulimpsis 
mexicam va&is at 16,430 feet, V. mexicam kemi 
at 16,520 feet, and V. v- at 16,610 feet. This 
age is supported by the presence of the planktonic 
foraminifera Acarinina primitiw (late Paleocene to 

middle Eocene) at 16,520 feet, and by the occurrence of 
Acarinina bulbruoki and Turborotalia grjffinae (no 
younger than early middle Eocene) at 16,610 ftet. Also 
at 16,610 feet are the middle Eocene species Acarinina 
broedermani, Globigerina sp. cf. G. inaequispira, 
Planorotalites p&*, and Turborotalia 
cerrwzulensk. ~orozovella sp. cf. M. aragonemb at 
16,700 feet suggests an early to early middle Eocene 
age. Also present at 16,700 feet are Globigerina sp. cf. 
G. boweri, Clobigerina sp. cf. G. cryptounphala, 
Tmcorotaloides topikmis, and Turbororalia 
cerrwztdensbfiontosa. A m h h z  sp. cf. A. 
spinuloir@& occurs at 16,790 feet, while Acarinina sp. 
cf. A. pentaaamerata (no younger than early middle 
Eocene) and Globigerina hagni appear at 17,330 feet. 

Other benthic foraminifera in the interval include 
Alveolophagmium sp., Amphimorphha sp. aff. A. 
cali$omica, Anomalinu sp. aff. A. packardi, homalinu 
sp. aff. A. tennesseensir, homalina? sp. cf. A. 
umbonata, Bulhha sp. cf. B. guayabilensir, Bulitnina 
sp. cf. B. mocilenw, Cibic&ies sp. cf. C. howeUi, 
Cibicides p s e u d o u n g e r ~  lkbonemis, C ib idk  
(Cibicidoides) sp. cf. C. subspiram, Cib& 
(Cibicidoides) sp. cf. C. tupamensis, Cib& sp. cf. 
C. venezuelensis, Clavulinoides califodcus, 
Cyclammina clarki, C. -a, Cycammlna sp. cf. C. 
pacijica, Cyclammina samcmiw, D&ina sp. cf. D. 
catenula, Dentalina delicat&, D d i n a  sp. cf. D. 
jacksonensis, Dentdin0 sp. cf. D. ooliru#a, D o r W  
sp. cf. D. oxycona, Dm& sp. cf. D. trochoides, 
Eggerella sp., Ellipsoghnddina sp. cf. E. mbobesa, 
Epnides sp. aff. E. do@, Epovlides sp. cf. E. ellisorae, 
Gaudryina sp. cf. G. laevigata, Gm&yina sp. cf. G. 
pyrmidata, Gavelinelk? sp., Gonatosphaerd sp., 
Gonatosphaera eocenica, Gyrokih sp. aff. G. 
firealw, Gyroidim orbiahrk ,  K a r r d k a  ep., Lagma 
sp. cf. L. vulgaris, W c u l i n a  sp. cf. L. coal&is, 
Lenticulina olato-l&ta, Lenticulina mcuar~striata, 
Lsntr'culirra sp. cf. L. insueta, M c u l i n a  sp. cf. L. 
limbosa, Lentidina sp. cf. L. pseudocultrata, 
Lenticulina sp. cf. L. pseudovortex, Lenticulkro sp. cf. 
L. theta, N h a r e U a  constricts, Nodarmia abliciac, 
Nodosaria sp. aff. N. kuejugata, Novrion? sp. cf. N. 
micrum, Oridorsalis -, Osangukaria sp. cf. 0. 
alter, 0sanguh-h sp. cf. 0. tenuicarinakl, Ramdifera 
sp. cf. R. globulfera, Rororbinella collinrla, Trimillha 
sp., Uvigerina sp. cf. U. rippensis, Vaginulinopsis sp. 
cf. V. asperulifonnis, Vaginulinopsir mex~~cymo 

nudicostara, Valvulineria sp. aff. V. cooperen&, 
Valvulineria sp. cf. V. peruvha, and Vulvulina sp. 

Ostracodes are present at 17,330 feet. 



Paleodepths from 16,430 to 17,545 feet were probably 
middle to lower bathyal (fig. 64). 

Foraminifera are quite rare from 17,545 feet to 
17,810 feet (TD), where basaltic rock fragments 
dominate the sample lithologies in a section that may be 
equivalent to the Hubbs Creek basalt (see chapter 5 and 
plate 6). Rare planktonic foraminifera recovered from 
the sample at 17,600 feet include Acarinina sp. cf. A. 
pentacamerata and Pseudohastigerina wilcoxensb. If 
these specimens are in place, an age of w younger than 
early middle Eocene is indicated. 

No agediagnostic microfossils were recovered below 
17,600 feet. The section is dominantly basaltic down to 
the interval from 17,799.5 to 17,805 feet, where 
conventional core 6 (appendix F-6) recovered dark-gray 
shales with minor amounts of brown siltstone and 
fine-grained quartz sandstone. No age was determined 
for these lowermost samples, but premrmably they are 
early middle Eocene or older. 'Ibe few benthic 
foraminifera found from 17,600 to 17,810 feet (TD) 
appear to be part of the same assemblage found in the 
overlying interval, indicating similar deepwater 
conditions (fig. 64). 

Although planktonic foraminifera were useful in the 
biostratigraphic zonation of the Paleogene section of the 
Tenneco Middleton Island State No. 1 well also, there 
was little basis for comparison with the Paleogene 
planktonic foraminifera fauna in the OCS Y-021 1 No. 1 
well (see the discussion of the T e ~ e c o  Middleton Island 
State No. 1 well, this chapter). 

Correlation and summary 

Correlation 

Seven of the 13 wells drilled in the offshore Gulf of 
Alaska Planning Area (fig. 68), including the Middleton 
Island State No. 1 well and the OCS Y4080 No. 1, 
OCS Y-0011 No. 1, OCS Y-14 No. 1 and 2, OCS 
Y m N o .  l,OCSY-O032No. l,andOCSY4XZ11 
No. 1 wells (fig. 66, table 3, and plate 5), bottomed in 
Miocene or older sediments. 'Ibe other six wells did not 
penetrate deeper than the Plio-Pleistocene section of the 
glaciomarine Yakataga Formation. Tbe seven wells that 
penetrated at least into the Miocene section were 
selected for examination in this study. Figure 65 shows 
the locations and biostratigraphic correlation of these 
wells. 

Although a biostratigraphic correlation can be made 
between the pre-Yakataga Formation section of the 
Middleton Island State No. 1 well and the section to the 
east (see the corresponding interval in the OCS Y-11 
No. 1 well), there is probably little lithologic 
correlation. In addition to the distance between the two 
locations (fig. 65 and plate 5), a terrane boundary-a 
structurally complex feature called the Kayak zone- 
parallels Kayak Island and continues to the southwest 
(fig. 25 and plate 5), separating the pre-Yakataga 
Formation section of the Prince W i a m  terrane on the 
west (including the Middleton shelf and Kodiak shelf 
areas) from the Yakutat terrane to the east (figs. 3 and 
25, plate 5). The convergence of the two teme-s took 
place approximately during the middle(?) Miocene (see 
chapter 2); therefore only middle(?) to late Miocene and 
younger deposits, which include the Yakataga 
Formation, appear likely to be very closely related 
across the terrane boundary. Nevertheless, the 
pre-Yakataga stratigraphic sectio~ls of the Middleton 
Island State No. 1 well and the OCS Y-0211 No. 1 well 
at the opposite ends of the cross-section shown in fig. 65 
show a generally similar sequence of depositional 
events, with comparable Oligocene, late Eoceae to early 
Oligocene, and late Eocene sequences. The planktonic 
foraminifera faunas in the pre-Miocene sequences of 
these two wells were not directly comparable because 
none of the intervals containing relatively abundant or 
diverse planktonic foraminifera were age-equivalent 
between the two wells. 

The Yakataga Formation in the Middleton Island State 
No. 1 well is considerably t h h e r  (2,065 feet) than it is 
to the east, due principally to tectonic uplift and 
disturbance of the Middleton shelf segment of the Prince 
William terrane during Neogene and Quaternary times. 
The distance from major glacial sed i in t  sources 

onshore may also have been a factor, although the 
presence of striated cobbles in the Yakataga Formation 
stxtiun UII Middleton Island (Eylcs, 1988) suggtsts that 
glaciers may have extended a considerable distance 
offshore and/or that grounded ice shelves fed by the 
glaciers have considerably influenced sea bottom 

morphology and sedimentation in the area (Eyles and 
Lagoe, 1990). 

East of Kayak Island (figs. 65 and 66, plates 5 and 6), 
the Yakataga Formation is considerably thicker, 
exceeding 8,400 feet at the OCS Y-0080 No. 1 well and 
reaching 13,500 feet in thickness at the OCS Y-2 
No. 1 well (fig. 65). It thins to 4,805 feet at the OCS 
Y4211 No. 1 well, where Neogene basin development 
seems to have been less and where Quaternary shelf 
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edge uplift resulted in the tnmcation of an appreciable 
portion of the Pleistocene section. 

Within the Yakataga Formation, biostratigraphic 
correlation shows that the Pleistocene section is thin or 
missing in the east at the OCS Y-0211 No. 1 well 
(fig. 65). It thickens west of this in the OCS Y4032 
No. 1 well, and thins slightly in a shoreward direction at 
the OCS Y-0007 No. 1 well. It is thickest in the west 
central portion of the area in the OCS Y a 1 4  No. 1 and 
2 well, and especially in the OCS Y4011 No. 1 well. 
The Pleistocene section thins somewhat in the OCS 
Y4080 No. 1 well at the west end of the Yakutat 
terrane (figs. 3 and 65, plates 5 and 6). It is thin to 
absent in the Middleton Island State No. 1 well on the 
Prince William t e r n .  

The late Pliocene section is relatively unifonn in 
thickness from the OCS Y4KJfKl No. 1 well to the OCS 
Y-0032 No. 1 well, and may be of similar thickness at 
the OCS Y4211 No. 1 well. Jn contrast to the 
Pleistocene section, the early Pliocene section shows 
considerable thinning from east to west (fig. 69 ,  
especially between the OCS Y-0007 No. 1 and OCS 
Y-0014 No. 1 and 2 wells and between the OCS Y4011 
No. 1 and OCS Y-0080 No. 1 wells. The westward 
thinning of the early Pliocene section followed by at 
least local westward thickening of the Pleistocene 
section may have resulted from an eastward shifting of 
tectonic compression and uplift activity between Kayak 
Island and Icy Bay from early Pliocene to early 
Pleistocene times, accompanied by a westward shifting 
of Yakataga Formation depocenter development. 

The Miocene section is quite thin in the eastern part of 
the area. An unconformity marks the removal andlor 
nondeposition of the middle Miocene section in the OCS 

Y-0032 No. 1 well. The Miocene section appears to 
have been removed altogether in the OCS Y4007 No. 1 
well. Uncunfurmities also indicate the crcaim of thc late 
Miocene section in the OCS Y-11 No. 1 well, and 
possibly in the Middleton Island State No. 1 well in the 
west (fig. 65). There is also an unconformity prcsent at 
the top of the Miocene section in the OCS Y4KJfKl No. 1 
well that appears to have removed more of the early 
Pliocene than the late Miocene. In contrast, no Miocene 
unconformity was discerned in the OCS Y4011 No. 1 
or OCS Y-0014 No. 1 and 2 wells, where an 
uninterrupted Miocene section may be present. From 
zero thickness in the OCS Y4007 No. 1 well, the 
Miocene section thickens considerably to the south and 
west in the OCS Y-0014 No. 1 and 2 well. The 
thickness of the Miocene section is uncertain in the OCS 

Y-0080 No. 1 and the OCS Y-11 No. 1 wells because 
it is faulted and possibly steeply dipping, but it was 
probably several hundred feet thick and may have been a 
few thousand feet thick. The western half of this area 
may have been a Miocene depocenter that subsequently 
shifted eastward in the early Pliocene and westward 
again in the Pleistocene. 

The middle Miocene intervals of the OCS Y-OOSO No. 1 
and OCS Y-0014 No. 1 and 2 well (fig. 65) are the first 
definite middle Miocene sections described in the area. 
The presence of apparently uninterrupted middle and 
late Miocene and early Pliocene sections in some of the 
Gulf of Alaska offshore wells suggests that the 
widespread middle Miocene erosional episode 
(unconformity) indicated by Pla&er and others (1975) 
and Plafker (1987), andlor the early to middle Miocene 
hiatus described in the Yakataga Reef section (Lagoe, 
1983), are not uniformly present throughout the Gulf of 
Alaska OCS area. 

Oligocene strata were encountered in the OCS YMWn 
No. 1, OCS Y4032 No. 1, OCS Y4211 No. 1, and 
Middleton Island State No. 1 wells, where erosion 
and/or nondeposition produced a thin or missing 
Miocene section and resulted in a shallower Paleogene 
section that could be reached by drilling. None of the 
other OCS wells was driIled deepIy enough to penetrate 
Paleogene section. 

The OCS Y4211 No. 1 well sampled the most complete 
Eocene section encountered in the Gulf of Alaska 
offshore (fig. 65). The section there comprises late, 
middle, and early to middle Eocene intervals. Eocene 
rocks are probably present not far below TD at the OCS 
Y-32 No. 1 well. Late Eocene strata are present in the 
bottom of h e  OCS Y4007 No. 1 well end also occur 
farther west in the bottom of the Middleton Island State 
No. 1 well. 

The indicated paleodepths of some of the intervals 
within the Yakataga Formation seem to be deeper or 
shallower during times when opposite trends are 
indicated on eustatic sea level curves. This trend was 
also noted onshore in the Pliocene section of the 
Yakataga Formation by Zellets (1989, 1990), who 
postulated a possible regional trend. However, these 
contra-eustatic trends do not appear to accw consistently 
within any given offshore well, nor do they appear to 
occur contemporaneously between wells. Tbe well 
sections exhibiting contra-eustatic pdeodeptb curves 



may have been influenced by local tectonism and/or 
isostatic-crustal rebound resulting from local 
deglaciation (see the discussion of the early Pleistocene 
section of the OCS Y-0014 No. 1 and 2 well, this 
chapter). 

A 60-foot section of dark-brown siltstone in the late 
Miocene section of the OCS Y4080 No. 1 well 
contained an impoverished microfauna misting mostly 

of arenacwus foraminifera, sponge spicules, fish bone 
fragments, and small shark teeth. It also had some of the 
most favorable source rock potential mearmred in the 
offshore wells (see discussion of the late Miocene 
section of the OCS YM)80 No. 1 well). The 
characteristics of this interval suggest the possibility of a 
relatively organic-rich, silled Miocene basii similar to 
the one postulated by b n t r o u t  (1983a). 
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ffitalla Oil Field at K d l a  Slough, Gulf of Alaska. The log cabtr, tents, derrick, and 
sailboat (left page) arefrom the earliest period ofdevelopment; the oil storage tank 
and barge areporn a later petiad. Ihe fitallafield producedfrom 1901 to 1932 (see 
insidefiont cover for additional i@ormation). 
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7. Regional Petroleum Exploration History 

Coastal Plain 

Petroleum exploration in the Gulf of Alaska has taken 
place along the coast, mostly h m  Controller Bay to 
Dry Bay (fig. 66). Gold prospectors discovered oil and 
gas seeps near Katalla on the wrth side of Controller 
Bay about 18% (Martin, 1921). Forty-four wells were 
drilled in this area between 1901 and 1932. None of 
these wells exceeded 2,350 feet in depth. Production in 
the Katalla district, which amounted to approximately 
154,000 barrels of oil, ceased in 1933 because of a fire 
that partially destroyed the rejinery. 

Twenty-threc o&r wells wore H c d  along tho coastal 

plain of the Gulf of Alaska between Controller Bay and 
a point just east of Dry Bay. The General Peboleum 
Company Sullivan No. 1 well was completed to a depth 
of 2,005 feet in 1927 about 10 miles west of Icy Bay. 
The other 22 wells, some with drills to greater depths, 
were drilled between 1954 and 1963. Total depths 
ranged from 3,230 feet in the Colorado Oil and Gas 
Company Core Hole No. 1 well, to 14,699 feet in the 
Richfield Oil Corporation Kaliakh River No. 1 well. 
No producible hydrocarbons were f d  in any of these 
wells. Table 1 (next page) lists pertinent data on the 
Gulf of Alaska onshore wells (fig. 66). 

Kodiak Shelf 

Six deep stratigraphic test 0 wells (commonly 
referred to as COST wells) were drilled on the Kodiak 
shelf in 1976 and 1977. Thuir l d w ,  q ~ m t u r ,  wakr 
depths, and completion dates are shown in table 2. 

These wells, and the geology of the Kodiak Shelf, are 
discussed in considerable detail in OCS Report MMS 
874109, Geological and Opera t id  ,Smmmy, KodiaR 
Shelf Stratigraphic Test WeUs, Alaska (Turner and 
others, 1987). 

Opposite. Setting casing in the Chilcat Oil No. 20 well. 
The well was drilled using a cable tool rig. The Wcat 
Oil Company was the last to conunerw operate h the 
KatollaJield, selling most of the oil produced locally ar 
firel for fishing boats. 

Deep Sea Drilling Project 

In July of 1971, the Deep Sea Drilling Project WDP) 
of the Joint Oceanographic Institutions for Deep Earth 
Sampling (JOIDES) drilled 5 core holes in the slope and 
abyssal plain of the Gulf of Alaska h m  the drill ship 
Gomar CMlenger. Penetration depths beneath the 
seafloor ranged from 358 to 2,607 feet. Sites 178 
through 182, drilled in water depths from 4,705 to 
16,152 feet, are discussed in volume XVIII of the Initial 
Reports of the Deep Sea Drilling Prq'ect (ICulm and . 
others, 1973) and in OCS Report MMS 89-0097, 
Geologic Report for the Shumagin Planning Area, 
Western G u l f o f A ~ k a  (Horowitz and others, 1989). 

Offshore Gulf of Alaska 

Thirteen wells have been drilled offshore in the Gulf of 
Alaska to date (fig. 66). In 1969, the Middleton Island 
well was drilled by Tenneco Oil Company at 
lat 59'25' N, long 146~17' W, in State waters about 
3 miles east of Middleton Island. No producible 
hydrocarbons were found. 

In 1975, the ARC0 Gulf of Alaska COST No. 1 well 
was drilled to a depth of 5,150 feet in the Lease Sale 39 
area southeast of Kayak Island and southwest of Icy Bay 
(fig. 66). U.S. Geological Survey Open-Fde Report 
76-635 (Bolm and others, 1976) discusses this COST 
well in some detail. Six exploratory wells were drilled 
in this area in 1977 and 4 more were drilled 1978. In 
1983, one explvmlury well was drilled south of Yakutat 
Bay in the Lease Sale 55 area (fig. 67). No producible 
hydrocarbons were discovered in any of these 
exploratory wells. Table 3 Iista p e h t  data 
concerning the 13 Gulf of Alaska offshore wells. 

Geophysical Exploration 

Geophysical exploration in the Gulf of Alaska has 
produced 1 16,015 miles of common-depthpoint (CDP) 
data and 10,075 miles of high resolution (HRD) data. 
The Minerals Management M c e  Alaska OCS Region 
has collected 3 1,099 miles of CDP data and 3,911 miles 
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Table 1. Wells drilled in the Gulf of Alaska coastal plain. 

Location Copper Well Depth Completion 
Ref. No. Well Name River Meridian Operator (feet) Date 

1 Bering River No. 1 T I 8  S R7 E Sec 32 Richfield 6,175 Dec 2, 1962 

2 Bsring River No. 2 T I 9  S R7 E Sec 22 Richfield 6,019 Jan 20,1962 

3 Kaliakh River No. 1 T20 S R14 E Sec 34 Richfield 14,699 June 6, 1960 

4 Kdiakh River No. 2 T2O S R14 E Sac 28 Richfield 9,575 Aug 30, 1960 

5 Kdiakh River No. 2 T20 S R14 E Sec 28 Richfidd 12,135 Sept 17, 1961 
RD 

-- 
6 Duktoth River No. 1 T20 S R15 E Sec 24 Richfield 10,390 Aug 18, 1961 

7 White River No. 1 T21 S R18 E Sec 19 British Petrdeurn 7,928 Oct 31, 1961 

8 White River No. 2 T21 S R19 E Sec 27 British Petrdwm 12,417 Oct 31, 1962 

9 White River No. 3 T21 S R19 E Sec 20 British Petrdeum 6,984 July 10, 1963 

10 Sullivan No. 1 T22 S R21 E Sec 7 General Petrdwm 2,005 Oct 20, 1927 

11 Sullivan No. 1 T22 S R21 E Sec 10 Phillips 10.01 3 Oct 28, 1955 

12 Sullivan No. 2 T22 S R21 E Sec 10 Phillips 12,054 March 21, 1957 

13 Sullivan Strat No. 1 T22 S R22 E Sec 19 Phillips 4,837 May 19,1954 

1 4  Rim Bay No. 1 T23 S R23 E Sec 26 Standard California 14,107 Sept 2, 1962 

15 Chaix Hills No. 1 T22 S R25 E Sec 4 Standard Cdifoma 10,015 Nov 10, 1961 

16 Chaix Hills No. 1A 122 S R25 E Sec 9 Standard California 10,121 March 3, 1962 

17 Malaspina Nos. 1 & T24 S R32 E Sec 31 Colorado Oil & Gas 13,823 Oct 21, 1962 
1A RD 

18 Yakutat No. 1 T27 S R34 E Sec 33 Colorado Oil & Gas 9.31 4 May 19,1957 

19 Yakutat No. 2 T28 S R34 E Sec 1 Colorado Oil & Gas 1 1,765 March 1, 1958 

20 Yakutat No. 3 T28 S R34 E Sec 3 Colorado Oil & Gas 10,494 April 23, 1959 

21 Core Hole No. 1 T27 S R35 E Sec 17 Colorado Oil & Ges 3,230 June 2, 1961 

22 Core Hole No. 2 T29 S R36 E Sec 34 Colorado Oil &Gas 6,690 July 21, 1961 

23 Dangerous River T29 S R37 E Sec 16 Colorado Oil & Gas 8,634 Nov 19, 1960 
No. 1 

24 Core Hole No. 3 T31 S R39 E Sec 6 Colorado Oil & Gae 5,484 Sept 11, 1961 

25 Core Hole No. 4 T32 S R41 E Sec 36 Colorado Oil &Gas 5,326 Nov 5, 1961 
> A 

of HRD data. The petroleum industry has also collected eastern Gulf of AIaska, was beld October 21, 1980, and 
13,349 flight-line miles of gravity and magnetic data. leased 35 tracts. Figure 67 shows the location of OCS 

lease sale areas 39 and 55. A reoffering sale (RS-1) was 

Sale History held on June 30, 1981, and resulted in the leasing of one 
tract in the eastern Gulf of Alaska. figure 68 shows the 

Three Federal offshore lease salts have been held in the location of the planned OCS ~ u l f  of &ka Yakutat 

Gulf of Alaska. Sale 39 was held April 13, 1976, a d  Lease Sale 158 area. TI& sale is scheduled for August 

resulted in the leasing of 76 tracts. Sale 55, for the 1995. 
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The State of Alaska Department of Natural Resources, offer about 350,000 acres of onshore and offshore land 
Division of Oil and Gas, is proposing to schedule a lease within the 3-mile limit between Katalla and Icy Bay. 
sale in this area on State land during May 1994. It has Figure 69 shows the location of this proposed lease sale. 
been designated as the Cape Yakataga Sale 79 and will 

Services, Inc. 

Services, Inc. 

Sewices Inc. 
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GULF OF ALASU 

KSST No. 4A 

KSSC No. 1 

KSST No. 2 

PLUGGED & ABANDONED WELL 

DEEP STRATIGRAPHIC TEST WELL 

F i  67. Location of OCS Lease Sale Areas 39,55, mi Kodiak COST wells. 



Figure! 68. Gulf of Alaska Planning Area and location of p r o p 4  Lnasa Sale 158. 



Gulf of Alaska 

144' 142' 

Source: Alaska Department of Natural Resources Division of Oil and Gas 

Figure 69. Location of proposed State of Alaska Cape Yakataga Sale 79. 

Opp&. %mas George W e  (center), the 
"Sourdough Driller, " was noted for narrow escapes and 
deeds o f  derring-do (see p. 154, %e Katalla Herald" 
newspaper of Auguvt 17, 19M). AjZc-. hunter, 
trapper, sawyer, miner, mariner, musher, and b&h, 
he discovered oil in 1894 and &i&d the fist oil well in 
Alaska (1902), at Kbtalla Slough. U%en not aaiwly 
exploring for oil, he found time to stpavise the building 
of the a p e  St. Elias l i g h t h e ,  serve as foreman at the 
Clear Creek water plant, and brieJqr act as a bixiyguard 

for Ggord Pinchot, President Ihedore Roosevelt's 
controversial chiefforester. h the late 1940's, he worked 
as a m p  cook for Don Miller, the U.S. Geological 
Survey geologist responsible for much ofthe modern 
mapping of the Gulf of Almka T m  Rovtrce. Mt. 
Tom White, a peak in the Chugach Mo~toinr north o f  
Bering Glacier, is natned in his honor. Mr. White's white 
house on White Slough, a locd ,bndnarR that baarted 
the first bathtub in Katallu, n w  heatad by maturd gas 
piped in from nearby seep. During the boom o f 1 W  in 
which the population of Katalla grewfiom a few hundred 
to more than IO,lWJ, Mr. W e  w involved in a 

number of diverse entrepreneurial enteqw&es, M i n g  
hotels, bars, pool rooms, sawmills, conunercial dock, 
and building construction. In addition to his piorteertrg 
drilling activities, he was an elected schod board @rial 
and also served for a time as the town 9 b r , '  once 
successfily sewing his son's severedfttgers back on 
rrfter a sawmill accident. lk woman pichued is his 
second wjfe, Susie Duval, a Ydmmmingit bdian Ihe 
newspaper clipping of January 23, I= (seep. 62), 
recounts this wedding (his fist w e ,  an Athabasam 
IndiMfrom Eyak, died September 19,1908). Aa drip 
picture from the Barren Wdloughby C;ollection clearly 
shows (see front cover for credits), she soon shed her 
satin wedding gown for far less glanwrous garb. The boy 
pictured is one of White's two sons who drowned in a 
tidal whirlpool on Christmas Eve, 1929, when thew boat 
overturned returning from a drilling rig. &me ofMr. 
White's dtscendants still live along the Gulf Q h K a  
coast according to John F. C. Johnson ofthe Clucgach 
Alrzska Corporation, who generously provided much 4 
the historical data about dtis remarkable pioneer. 
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8. RESERVOIR ROCKS 

Tertiary sandstones are the principed rocks in the Gulf of 
Alaska stratigraphic section that appear suitable as 
potential reservoirs for commercial hydrocarbon 
accumulations. Sandstone or conglomerate occurs in all 
or most of the Tertiary units onshore, but offihore, only 
the Yakataga and Kulthieth Formatid appear likely to 
contain coarse-graind ntrntn of sl~fl icht thkhess and 

areal distribution to represent prospective re.servoir 
targets. Other types of potential reservoir rock include 
fractured rock along faults and folds and weathered 
metamorphic or igneous basement rock dong 
unconformities. The oil from the Katalla field, for 
example, was produced primarily from fracture porosity 

in shales and siltstones along a fault zone that cuts 
steeply dipping Poul Creek strata (Miller, 1975). 
However, the probability of such occurrences of 
nonsandstone reservoirs containing hydrocarboos in 
commercial quantities is thought to be low relative to 
that of the Tertiary sandstones. 

Yakataga Formation 

Depositional Environments and Sandstone 
Composition 

Sandstones and conglomerates in the Yakataga 
Formation are predominantly glaciomarine in origin and 
were deposited in inner shelf to upper slope settings. 
Studies of Yakataga sedimentation suggest that many of 
these sandstones and conglomerates were depceited by 
various sediment-gravity-flow processes in large 
submarine mega-channel systems that were located 
downslope from tidewater glaciers (F'laftier and 
Addicott, 1976; Armentrout, 1983b; Eyles, 1987). 
Channel-fill sandstones and conglomerates that originate 
from turbid glacial meltwater plumes are not generally 
subject to much winnowing and, conmpntly, tend to 
be poorly sorted and mineralogically immature. In 
addition, sandstone-to-shale ratios often vary widely 
within short lateral distances in Yakataga Formation 
outcrops because of the lenticular character of these 
submarine channel-fill sand deposits (Winkler and 
others, 1976, p. 19). 

Nonglacial marine deposits such as linear shoreface or 
marine-bar sands are also reported in outcrops of the 
Yakataga Formation (Lyle and Palmer, 1976; 
Armentrout, 1983b). Many of these Yakataga shorehe 
and marine-bar sands may represent glaciomarine 
deposits that were reworked by normal marine processes 
during inter$acials. These shoreface and matine-bar 
sands should represent the most prospective reservoir 
targets within the Yakataga Formation because they have 
greater lateral continuity snd because wiuuowiiag has 
improved sorting and, possibly, removed some of the 
mineralogically unstable lithic Qtritus. For example, 
prnnity and pp.rmeability -ts of fbwteen 

outcrop samples of Yakataga sandstom from a 
Yakataga shoreface sandstone averaged 23.7 percent 
porosity and 139 millidarcies (md), whereas nineteen 
samples from a submarine channel-fill complex averaged 
only 6.9 percent porosity and 0.47 md (Lyle and 
Palmer, 1976, p. 19). Paleocurrent and 
paleoenvironmental data suggest that the geometry of 
these nonglacial sandstone bodia will be tabular to 
linear and elongated in northwest to west directions 
(Lyle and Palmer, 1976). 

Petrographic studies indicate that Yakataga sandstollea, 
as would be expected from their glacial origin, are 
texturally and mineralogically diverse and tend to 
contain more unstable grains and primary matrix than 
sandstones of older Tertiary units (Winkler and others, 
1976; Lyle and Palmer, 1976). Yakataga sandstoaes 
generally fall within the lithic arkose category (fig. 70). 
The mean composition of the main ffamework 
components is 35 percent quartz, 40 percent kldspar 
(primarily plagioclase), and 25 percent lithic fkagments 
(Lyle and Palmer, 1976). Tbe lithic clasts are 
predominantly igneous and metamorphic in origin. 
Accessory heavy minerals such as epidds, h o m b 1 d ,  
biotite mica, and others form an average of about 
5 percent of the sandstone and occasionally are as 
abundant as 12.5 percent (Winkler and others, 1976; 
Lyle and Palmer, 1976). Conglomerak clasts range 
widely in composition and reflect the igneous, 
metamorphic, and sedimentary rocks of the bordering 
St. Elias and Chugach Mountains. Conglomeratic clasts 
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from the lower Yakataga F m t i o n  commonly include (Patchett and Coalson, 1982). In such complex 
meta-diorite, meta-andesite, and meta-adesite tuff, with sandstones, the density log generally yields the most 
lesser quantities of slate, graywacke, epidote, reliable porosity relative to tbat of conventional cores, 
amphibolite, and foliated and nonfoliated granodiorite provided the grain density is predictable and firvorable 
(Lyle and Palmer, 1976). borehole conditions exist (Patchett and Caelson, 1982; 

Turner and others, 1988). 
Log Analysis Methods 

Log responses to Yakataga Formation sediments are 
complicated by the textural and mineralogical 
complexity of the grain or clast framework of the 
sandstone and conglomerate, and the silt- to clay& 
glacial rock flour that makes up the bulk of the 
mudstone, shale, and diamictite. Standud multiple 
porosity cross-plots and log analysis methods for shaly 
sandstonca fcequcntly fail to ykld mliable porosity 
estimates in mineralogically complex sandstones 

The standard equation (Schlumberger, 1972) used to 
derive porosity (b) from the density log ia 

where: pma =matrix (grain) density 
pb =bulk density from density log 
pf =fluid density. 

It is standard practice in using this equation to assume a 
pma (matrix or grain density) of 2.65 grams per cubic 

centimeter (gm/cm3), the density of quartz. However, in 

Figure 70. Quartz, fcldspsr, and Lithics (QPL) and rock fragmenl ternary diagrams showing niwmdogy of Yakataga 
Formation sandstones from onshore exposures (after Lyle and Palmer, 1976). 
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complex sandstones the pma is likely to be higher owing 
to the presence of lithic clasts and mafic mineral grains 
which are usually denser than quartz. Thus, for complex 
sandstones, an alternate value of pma must be estimated. 
The reliability of the density porosity oMainsd is 
dependent on how representative the estimate is and how 
variable the actual grain density of the sandstone is from 
the estimate. 

The most accurate method of determining matrix or 
grain density of sandstones is from physical 
measurements of cores. The distribution of grain density 
in Yakataga sandstones determined from analysis of 
sidewall and conventional core data Erom four OCS 
exploratory wells is shown in the histogram of figure 71. 
The histogram indicates grain density ranging between 
2.65 and 3.63 gm/cm3, with a mean of 2.72 gm/cm3. 

The wide range in grain density displayed in figure 71 is 
a reflection of the diversity of the mineral and lithic 
clasts and resulting diagenetic cements compcsing 
Yakataga sandstones and conglomerates. The histogram 
of grain density does not represent either a normal or 
lognormal distribution (Koch and Link, 1970, p. 218), 
as the data do not pass the K o ~ r o v S m i m o v  
goodness-of-fit test for normality (Ostle, 1972, p.471). 
Because the distribution about the mean is not normal, 
the standard deviation, the traditional measure of 

fluctuation based on the normal distribution, does not 
apply. However, examination of the histogram reveals 
that 73 percent of the data falls within f 0.03 gmlcm3 of 
the mean value of 2.72 gm/cm3, and 95 percent falls 
within f 0.07 gm/cm3. These percentages are roughly 
equivalent to the percentages (68% and 95%) of normal 
populations that are generally f d  within one and two 
standard deviations, respectively. 

The grain density distribution of figure 71 suggests that 
density porosity calculated from the mean value over the 
range of typical Yakataga Formation sandstone bulk 
densities (2.20 to 2.60 gm/cm3) should be accurate to 
within f 1.5 percentage points 73 percent of the time 
and to within f 3.5 percentage points 95 percent of the 
time. The histogram indicates that the source of the 
greatest potential error in porosity calculatim is from 
the five percent of the sandstom with-grain densities 
higher than 2.79 @cm3. Most of these are probably an 
indication of either abundant, dense igneous and 
metamorphic lithic clasts or abundant, dense cements 
such as siderite. Lithic clasts become @ininant in 
conglomerates and sandstones composed largely of 
coarse-grained through granule-sized clasts. Coarser 
lithologies and highly cemented sandstones probably 
pose the greatest potential for error in porosity 
evaluation. 

Figure 71. Histogram of 
grain density distribution of 
Yakataga Formation 
conglomerate, sandstone, 
and siltstone. Core analyses 
from the OCS expbratory 
wells Y4007 No. 1 and 
No. 2. Y-2 No. 1. and 
Y-80 No. 1. 
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The complex textural and mineralogic composition of 
Yakataga sediments not only creates acuities in 
evaluating porosity, but also in determining lithology. 
The two logs primarily used in determining lithology are 
the natural gamma ray and the spontaneous potential 
(SP) logs. The typically distinctive gamma ray log 
contrast between sandstones and shales, which is due 
primarily to the difference in natural radioactivity 
between quartz and clay, is frequently muted in the 
Yakataga Formation because the various glaciomarine 
lithofacies frequently differ more in texture and grain 
size than in mineralogy. Conseqently, sandatone or 
conglomerate beds were usually identified from the SP 
log from intervals that displayed deflections of at least 
10 millivolts. 

Generally, the SP log reliably distinguishes sandstone or 
conglomerate from shale or mudstone in the Yakataga 
Formation, provided the drilling muds used are not too 
saline. Unfortunately, from the standpoint of log 
analysis, seawater-based drilling muds were commonly 
used in drilling the upper fow to five thousand feet of 
hole in some of the OCS exploratory wells. In one well 
(OCS YM)59), the entire well was drilled using a saline 
mud. In this well, the SP log trace was flat and of little 
use in determining lithology because the drilling fluid 
resistivity closely matched that of the saline finmation 
water. In wells or well intervals with poor SP logs and 
muted gamma ray logs, the identification of sandstone 
and conglomerate beds was rather tenuous. In these 
instances, the resulting error in interpretation is 
probably an underestimation of total sandstone content 
owing to the inability to identify porous lithologies. 

Sandstone Distribution and Thickness 

Sandstone and conglomerate beds m the Yakataga 
Formation on the mainland identified from exploratory 
well logs and measwed secticms compose h m  30 to 
more than 80 percent of the formation. In offshore 
exploratory wells, sandstone and conglomerate identified 
from SP and gamma ray logs apparently diminishes to 
between about 10 and 30 percent of the formation 
(fig. 72). Tbis trend suggests that the Yakataga 
Formation along the southern margin of the Yakutat 
terrane is generally composed of less than 10 percent 
sandstone. Some of the apparent decrease in sandstone 
abundance offshore may be due to the difficulty 
mentioned above in identifying porous lithologies, but, 
overall, the trend is thought to be real. Yakataga 
Formation sediment source areas were in the northern 
mountainous uplifts and s e d i i t  depocenters lay just 
offshore of the modem coast line. Under these 

conditions, coarse-grained litbofacies would normally 
diminish in a southerly offshore direction. In terms of 
total aggregate sandstone thickness, the sandstone 
percentage trends represent a range fiom about 250 feet 
in the OCS Y-11 well, where the Yakataga Formation 
is relatively thin and far from sediment source areas, to 
over 3,800 feet in the OCS Y-0035 well located near Icy 
Bay (plate 8) along glaciomarine depocenters. 

Sandstone and conglomerate encountered in the offshore 
exploratory wells range from beds less than 5 feet thick 
to a bed or bedding sequence 630 feet thick. The 
distribution of sandstone by bed thickness for the 
Pleistocene and for Pliocene and Miocene sections of the 
Yakataga Formation in offshore explorakxy wells is 
illustrated in figures 73 and 74. The greatest number of 
sandstone beds occur in the 10- to 25-foot thickness 
category. However, average bed thickness (arithmetic 
mean) is between 40 and 45 feet, and approximately 
two-thirds of all sandstone beds hll between about 5 and 
100 feet in thickness. Although fewer beds greater than 
100 feet thick occur in the Yakataga Formation, they 
form a significant percentage of the total quantity of 
sandstone owing to their greater individual thicknesses. 
About 45 percent of the total sandstone is  in 
beds greater than 100 feet thick in the upper Yakataga 
Formation, and about 34 percent in the lower Yakataga 
Formation. Consequently, these thick sandstone beds are 
important potential reservoir targets. 

Sandstone Resmoir Quality 

The abundance of labile lithic and feldspar grains in 
Yakataga sandstones makes them susceptible to 
diagenetic alteration and rapid loss of elktive porosity 
with burial depth. Figure 75 illustrates the relationship 
between density porosity (b) and burial depth &om 
several of the OCS exploratory wells which emmmtered 
complete or nearly complete sections of the Yakataga 
Formation. Also included are porosity values obtained 
from conventional cores (solid points). There is 
considerable scatter in the data owing to the diverse 
character of Yakataga sandstone and conglometate, but a 
definite trend of porosity decline with depth is evident. 
The extremely wide scatter in porosity (5% to 38%) at 
shallow depths probably reflects the large variance in 
primary porosity resulting 6rom the diverse depositional 
energies and sorting capabilities of the varied 
glaciomarine and nonglacial marine environments. At 
increasing burial depths, the raoge of porosity scatter is 
narrowed somewhat as diagenesis and compaction 
become the predominant factors in porosity duction. 
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Rgure 73 (above), Upper Yakataga Formation and fwre  74 (below), Lower Yakataga Formation san&stone bed 
thickness distribution. Histograms A illustrate bed thickness fiquency of occurrence and histograms B illustrate 
percent of total sandstone in each bed thickness category. Sandstones were identified from spontanems potential logs 
of Gulf of Alaska OCS exploratory wells. Sandstone beds less than 5 feet thick were not counted. 
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The line to the left in figure 75 that passes through the 
middle of the cloud of points is a linear regtession of all 
the data points and represents the average porositydepth 
relationship. This l i e  suggests that at a burial depth 
greater than about 11,700 feet, typical Yakataga 
sandstones will generally fall below 10 percent porosity. 
The porosity-versus-permability relationship obtained 
from conventional cores of Yakataga sandstone (fig. 76) 
suggests that at these depths permeability will be less 
than about 1.5 md and the sandstone would be poor to 
non-reservoir rock. The line to the right in figure 75 is a 
visual fit of the highest porosity values and represents 
the porositydepth relationship of the most prospective 
reservoirquality sandstones. The tread of this line 
suggests that these sandstones may retain porosity in 
excess of 10 percent to depths as great as 14,000 fee(. 

Three of the sandstones that lie almg the trend of the 
bigher porosity line of figure 75 were cored by he. OCS 

Y4007, OCS Y-0014, and OCS Y-2 wells. The 
most extensively cored of these saodstones was in the 
OCS Y-0007 well. Forty-thrs bt of the uppcr part of a 
150-foot-thick sandstone (8,760-8,910 feet) was cored 
(OCS Y4007, core 3, appendix B-5). The wireline logs, 
core porosity measurements, and lithologic 
interpretation for this sandstone are illustrated in 
figure 77. Wireline logs of the interval suggest good 
reservoir potential. The caliper (CALQ log deflection 
indicates mudcake development and permeab'ilty, and 
the SP log deflection and separation of the resistivity 
curves also indicate permeab'ity. Porosity (q5D) of the 
density log @PHI) for this sandstone averages 
17.0 percent. The core was analyzed every foot, and the 
analyses indicate good reservoir potential. Core porosity 
ranges from 12.2 to 26.6 p e m t  with a mean of 19.5 
percent, and core permeability ranges fmm 48 to 479 
md with a mean nf 261  md ( C !  Tahntatmies, Tnc.. 

1977a). 

The density porosity in the sandstone of figure 77 is 
systematically about 2 to 3 percentage points lower than 
the core porosity over equivalent depth intervals, even 
though the average grain density fiom the wre 
(2.71 gm/~m3> closely matcbes that used to calculate the 
density porosity (2.72 gm/~rn3). The cause of the 
discrepancy is uncertain, but small increases in core 
porosity and permeability generally occur as a result of 
changes in temperature, pressure, and fluids during 
removal of the core to the surface and the subsequent 
laboratory analysis (Schlumberger, 1972, p. 91; 
Helander, 1983, p. 15). This may account for a 
significant part of the discrepancy. 

Figure 75. Yakataga Formation sandstone porosity 
versus depth plot. Data points represent average 
porosity calculated from density logs in sandstone 
intervals identified from s p n ~  potential and 
gamma ray logs. The left line is fiom a linear 
regression of all points and represents the average 
porositydepth relationship. The right line is a visual fit 
of the higher porosity points and represents the 
approximate maximum porosity versus depth plot. 
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F i r e  76. Cross-plot of porosity versus permeability from conventional cores of Yakataga Formation sandstones 
and conglomerates from OCS exploratory wells YMW)7 No. 1, Y-0014 No. 1, and Y-0032 No. 1. Tbe number at 
the plotted data point indicates the frequency of data plotting at that point. 

Grain size from the cored i n t e ~ d  of figure 77 ranges 
from very fine grained in the lower part to medium 
grained in the upper part (Core Laboratories, 1977a). A 
slight coarsening-upward profile is also displayed by the 
SP log and, to a small degree, by the gamma ray log. 
Such a profile is characteristic of sand bars, and this 
sandstone could be a submarine bar deposit, although 
the deep-water environment of deposition (upper 
bathyal) of the enclosing finer grained strata suggest this 
sandstone may be a s~~hmiine h &posit. 

Thc other two sandstones from the trend line of higber 
porosity sandstones (fig. 75) were finm the OCS Y-2 
No. 1 and OCS Y a 1 4  No. 1 wells. Unfortunately, 
these sandstones were not cored as extensively as the 
sandstone in the OCS Y W 7  No. 1 well. Cote 5 of the 
OCS Y-0032 well sampled 7.5 feet of the upper part of 
a 165-foot-thick coarsening-upward sequence of 
sandstone and conglomerate at 11,005 k t .  'Ibe core 
consisted of silty, very fine- to fine-grained, locally 
calcareous sandstone, friable medium-grained sandstwe, 
and conglomerate in a silty to coarse sand matrix 
(Larson and Wills, 1977). Coie recovery from the 
conglomerate section was poor and the conglomerate 
was largely disaggregated. Tbe fine-grained, silty 
sandstone lithofacies from the top of the core appears to 

be a gradational unit at tbe top of tbe sandstone 
sequence. Two analyses from the silty sandstone 
lithofacies indicated poor reservoir potential with only 
2.7 percent and 13.6 percent porosity and permeability 
less than 1 md. Three samples from the medium-grained 
sandstone at tbe bottom of the core averaged 
20.4 percent porosity and 241 md permeability. The 
logs suggest that the majority of the sandstone mpeme 
probably has reservoir potential similar to the medium- 
grained sandstons core. Bulk density througho~ most of 
the sandstone sequence is similar to that in the medium- 
grained lithofacies of the core, suggesting comparable 
porosity and permeability. In additiou, the SP log profile 
and average density porosity (15.6%) in this sandstone 
are similar to those of the OCS Y.0007 sandstone, 
suggesting analogous depositional envknmcnts and 

reservoir potential. 

Core 3 in the OCS Y-0014 No. 1 well sampled 18 feet 
of the upper part of a 12Q-foot-thick coarsening-upward 
sequence at a depth of 9,720 feet. The core was 
recovered as unconsolidated sand and broken hgments 
of sandstone and conglomerate and was described as 
very poorly sorted, very fine to coarse-grained, pebbly 
sandstone and conglomeratic tillite (Daugherty and 
Bigham, 1977). Seven analyses h m  this core indicated 
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an average porosity of 19.1 percent and permeability of Summary 
104 md (Core Laboratories, Inc., 1977b). This suggests 
good reservoir potential. However, density porosity 
(4D) over the cored interval averages only about 
7.5 percent, and when considered in light of the 
lithologic description and fragmented condition of the 
core, the high porosity and permeability from the core 
analyses are suspect. 

Yakataga sandstones and conglomerates were deposited 
by marine and glaciomarine processes fiom gfacial 
detritus shed from the coastal mountainous up& 
bordering the Gulf of Alaska. Wireline log data indicate 
that substantial aggregate thicknesses (250 to 3,800 feet) 
of Yakataga sandstone occur offshore, although near the 
southern margins of the Gulf of Alaska shelf sandstone 

Figure 77. Log, core, and lithologic data of a prospective reservoir sandstone in the Yakataga Formation of the 
ARC0 OCS Y4007 No. 1 well. (Lith=lithology, CALI=caliper in inches, LL8=shaUow resistivity in 
ohm-meters, PHICC = core porosity in percent, DPHI = density porosity in percent, sandstone= stippled pattern, 
mudstone = dashed and stippled pattern.) 
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may be sparse, as the percentage of sandstone in the 
Yakataga Formation rapidly diminish= southward. 
Sandstone beds of the lower Yakataga Formation 
represent the most prospective reservoir targets. They 
are stratigraphically closer to potential thermally mature 
source rocks, and the lower Yakataga Formation 
contains a higher proportion of nonglacial lithofacies. 
Yakataga sandstones that were deposited or reworked by 
marine processes exhibit much higher primary porosity 
and permeability than those deposited by glaciomarine 
processes. Sandstone beds in the 50- to 75-foot range 
make up the highest percentage of the total sandstone in 
the lower Yakataga Formation, but a substantial 
percentage (34%) is made up by beds from 109 to over 
200 feet in thickness. 

Yakataga sandstones and conglomerah am texturally 
and mineralogically diverse, and might be expected to 
exhibit a rapid loss of primary porosity and permeability 
with increasing depth of burial. However, sandstones 
with good to moderate reservoir potential occur in the 
Yakataga Formation at burial depths in excess of 
14,000 feet. Conventional wre data from the OCS 
Y4007 and OCS Y-2 wells indicate that Yakataga 
sandstones retain porosity and permeability of over 
19 percent and 200 md as deep as 11,000 feet. 
Comparable porosities and burial depths in saudstonea of 
similar mineralogy are predicted by compaction models 
developed from laboratory compaction experiments of 
lithic sands (Pittman and Larese, 1991, fig. 19). High 
sedimentation rates during deposition of the Yakataga 
Formation have contributed to a low geothermal 
gradient and overpressuring in the Gulf of Alaska 
Nwgene section. A low gwthermal gradient tends to 
retard diagenesis and cementation and overpressuhg 
tends to retard mechanical compaction (Galloway, 1974; 
Dixou and Kirkland, 1985; Scherer, 1987; Schmoker 
and Gautier, 1988; Pittman and Larese, 1991). These 
two factors probably cause higher porosity in Yakataga 
sandstones than would bc anticipated fur (heir burial 
depth. 

Kulthieth Formation 

Depositional Environments and Sandstone 
Composition 

Surface and subsurface geologic data indicate that the 
sandstones of the Kulthieth and Tokun Formations were 
deposited in nonmarine to relatively deep-marine 
environments in an oceanic basin along a continental 
margin. Kulthieth sandstones onshore appear to be 

predominantly fluvio-deltaic in origin and were 
deposited in regressive sequences that prograded 
southwesterly into fairly deep-marine en-ents. In 
the offshore, data on Kulthieth sandstones are largely 
limited to the OCS Y-0211 No. 1 well, which was the 
only offshore well to penetrate the formation. Kulthieth 
sandstones in the OCS Y m l l  well appear to be largely 
submarine fan and/or outer shewslope break deposits 
that apparently prograded longitdinally along the basin 
axis as a result of prevailing northwestern marine 
current systems (see Kulthieth Formation, chapter 5). 

Kulthieth sandstones in onshore studies are generally 
described as arkosic or fetdspathic. Petrographic studies 
by Winkler and others (1976) and Plafker and others 
(1980) of onshore outcrops and offshore dredge samples 
of Cretaceous and Paleogene sandstones indicate that 
those of the Kulthieth and Tokun or equivalent strata are 
chiefly lithic arkoses (Folk, 1974) with a mean 
framework composition of 40 percent quartz, 38 percent 
feldspar (primarily plagioclase), and 22 percent lithic 
clasts that are predominantly volcanic (fig. 78). 
Accessory minerals make up 1 to 4 percent of these 
sandstone samples and consist predominantly of mica 
(mainly biotite) and epidote. Petrographic and x-ray 
diffraction studies (Dandavati and Schlottmann, 1984) of 
numerous samples of Kulthieth sandstonea from 
conventional and sidewall cores of the OCS Y m l l  well 
(fig. 79) indicate a range from lithic arkoses to 
litharenites, but most are feldspathic litharenites (Folk, 
1974). Petrographic modal analysis from this study 
indicates that the average wmposition of the major 
framework constituents in Kulthieth sandstones of the 
OCS Y4211 well is 48 percent quartz, 18 percent 
feldspar (mostly plagioclase), and 34 percent lithic 
fragments that are largely metamorphic (mainly biotite 
mica) and volcaruc in origm. 

Arkosic or feldspathic sandstones characteristically 
contain large detrital mica grains (Pettijohn and others, 
1987, p. 150). Mica in Kulthieth sandstones is abdant .  
Detrital mica (chiefly biotite) generally makes up more 
&an 5 percent, and locally exceeds 20 percent, of the 
sandstone in the OCS Y m l l  No. 1 well. Core 
lithologic descriptions of Kulthieth sandstone from 
onshore (British Petroleum White River No. 2 well) and 
offshore wells (OCS Y-0211 No. 1 well) indicate that 
the mica occurs both as scattered grains in the sandstone 
and as dark laminations of silt- to sand-sized biotite 
grains (British Petroleum, 1962; Barnes and others, 
1983). The bulk of the mica appears as laminations 
which are interpreted to result largely h m  suspension 
deposition. Detrital mica generally occurs as flakes that 
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Figure 78. Quartz, feldspar, and lithics (QPL) and rock fragment ternary diagrams coqwing sandstone 
compositions of dredged Paleogene samples (solid symbols) and the mean compositions of probably coeval onshore 
rocks (open symbols) (from WinkIer and others, 1976, and Piafker and &ax, 1980). 
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Figure 79. Summary chart showing lithologic and mineralogic data for the ARC0 OCS Y m l l  No. 1 well (modified from Dandavati and Schlotbum, 
1984). 



discussion, yields less reliable porosities in sandstones 
that are shaly or of complex mineralogy. Consequently, 
log interpretation of Kulthieth sandstone in the onshore 
wells consisted mainly of the identification of sandstone 
and the determination of thickness from SP logs. 
Porosity analysis was focused on the offshore OCS 
Y-0211 well, which was drilled in 1983 and logged with 
a greater number of modem petrophysical tools. 

Log analysis of Kulthieth sandstone, as in Yakataga 
sandstone, is hindered by the mineralogical complexity 
of the sandstone. In particular, the abundance of biotite 
mica in Kulthieth sandstones creates log interpretation 
difficulties because it is heavy and radioactive. Biotite 
mica is relatively dense (typically 3.1 gdcm3) 
compared to quartz (2.65 gm/cm,3, and if sandstone 
matrix or grain density is not adjusted for the mica 
content, apparent porosity calculated from the density 
log ( h )  will be consistently too low. For example, in a 
sandstone with a 10 percent mica content and an actual 
porosity of 15 percent, if the grain density was assumed 
to be that of quartz, then the calculated porosity would 
be 12.7 percent. 

Because mica is radioactive it will be W t e d  by the 
gamma ray log as clay or shale and micawms 
sandstones will appear shalier than they actually are. 
Overestimation of shale or clay volume in micaceow 
sandstone leads to two additional errors in interpretation. 
First, when apparent porosity ( h )  is corrected for 
nonexistent shale, the effective porosity (Qa) will 
calculate too low. This c o m p o d  the existing error in 
apparent porosity (h), which is already too low 
because of the component of dense mica. Then, because 
porosity is underestimated, water saturation calculated 
from resistivity logs will be overestimated. The net 
result is that micaceous sandstones will be interpreted 
pessimistically with regard to porosity, sbaliness, and 
hydrocarbon saturation (Hodson and others, 1976; 
Roberts and Campbell, 1976; Suau and Spurlh, 1982). 

Fortunately, the SP log is largely unaffected by mica in 
sandstone, and when used as a clay indicator, it dons not 
overestimate shaliness in micacems sandstones (Roberts 
and Campbell, 1976). Mica has a resistivity similar to 
that of quartz, whereas clay often significantly reduce 
resistivity and, therefore, SP log response. The SP log 
in the OCS Y4211.well (plate 6), as well as in the 
onshore exploratory wells, appeared to provide a good 
response between sandstone and shale beds and was used 
as the primary lithology indicator. 

Although the SP log can generally be relied on as a clay 
indicator in micacwus sands, the density effect of mica 
needs to be quantified in order to compute accurate 
porosity from the density log (4D). Two methods of 
correcting for mica in Kultbieth sandstones of the OCS 
Y-0211 well were used, and the d t i n g  porosities 
from the density log were compared with core porosity. 
The first method used the average or mean grain density 
value from core data, as was dune in the preceding 
evaluation of Yakataga sandstones (fig. 80). The second 
method used natural gamma ray spectrometq logs to 
estimate the volume of mica in sandstones and adjust the 
grain density for the estimated mica volume. 'Ibe first 
method has the advantage of using direct physical 
measurements from cores, which account for the 
average density affects of mica as well as all other 
mineral components. The second method has the 
advantage of providing specific point &tea of mica 
and its grain density effect vertically in the borehole 
rather than relying on a constant average value as in the 
first method. 

The capability of evaluating mica content and its density 
effect on a level-by-level basis in the borehole would 
clearly be more advantageous than wing a constant 
average value as in the first method. As previously 
noted, mica has fairly unique sedhxtological 
characteristics owing to its sheet-like grain geometry and 
high relative density. It is probable that mica almnhce 
varies considerably with depositional envkommt. 
Evidence for this is the variability of mica in Kulthietb 
sandstone cores, which is significant both within and 
between sandstone beds (British Petroleum, 1%2; 
Barnes and others, 1983; Dandavati and Schlottmanu, 
1984). 

Generally, applicable log interpreration techniques for 
sandstones of complex mineralogy that do not require 
complex computer analysis are not well established. 
However, interpretation methods for evaluating 
micaceous sandstones using modem logs have been 
developed by Suau and Spurlin (1982) using cross-plots 
of various logs, particularly natural gamma ray 
spectrometry and litho-density logs. Peveran, and 
Russell (1984) evaluated these cross-plots agaiust 
extensive petrographic and x-ray analytic data ftom 
cores and concluded that the thorium-potassium @-K) 
cross-plot from natural gamma ray spectrometry logs 
was quantitatively the most useful. They indicated that 
the Th-K cross-plot showed moderate accuracy in 
measuring mica and potassium feldspars (K-feldspar), 
although there was a tendency to overestimate 
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Figwe 80. Histogram of grain 
density distribution in Kulthieth 
sandstone core samples fiom tho 
ARC0 OCS Y-11 No. 1 well. 

K-feldspar and underestimate mica. Illis cross-plot was 
used to estimate mica abundance in Kulthieth sandstones. 

Figure 81 illustrates the general principles of the "I%-K 
cross-plot. The cross-plot is used to detect the presence 
of radioactive minerals: in this instance mica, 
K-feldspar, and clays that primarily compose shale. 
Nonradioactive minerals such as quartz and plagioclase 
feldspar plot at or near the origin. Log responses to 
mixtures of these minerals are considered to vary 
linearly between the various end-member mineral points 
and the origin. The composition of any data point is 
determined by the relative distances to the vertices of the 
end-member triangle it falls within. Thus, mineral 
fractions composing the sandstone b w o r k  can be 
quantified from the cross-plot without rcaortiag to 

complicated mathematics and complex computer 
analysis. 

Assuming that accurate data is oMained from the logging 
tool, the validity of this cross-plot analysis is largely 
dependent upon two assumptions. The first assumption 

is that K-feldspar, mica, and clay minerals are the main 
radioactive components, and the second is that thorium 
and potassium contents of these minetals are reliably 
known. 

For the Kulthieth Formation, the first assumption 
appears valid. Petrographic and x-ray studies of 
Kulthieth sandstones from the OCS Y-0211 well, 
outcrops, and offshore dredge samples suggest that these 
are the main radioactive minerals in the sandstones 

(Winkler and others, 1976; Platker and others, 1% 
Dandavati and Schlottmann, 1984). 

The second assumption is less certain, because of a lack 
of chemical analytic data on the potassium and thorium 
content of mica and K-feldspar from Kulthieth 
sandstones. However, specific analytic data are largely 
unnecessary in the case of potassium. Potassium 
contents of mica and K-feldspar are relatively constant, 
because potassium is an integral part of the crystal 
lattices of these minerals. Unforhmately, this is not the 
case for thorium, which is a trace element in these 
minerals (Edmundson and Raymer, 1979; §em and 
others, 1980). Thus, the thorium content of these 
minerals could, in theory, be highly variable from one 
region to another. 

The unknown thorium content of mineral end-member 
points is the principal uncertainty in the cross-plot 
analysis of Kulthieth sandstorm in the OCS Y42l l  
well. However, this did not present a serious problem in 
locating the shale point (assumed to be mainly clay 
minerals), because it was determined empirically fiom 
plots of known shales in the well. Unforlumtely, this 
empirical method is not applicable for locating the mica 
and K-feldspar points, because no pure intervals of tbese 
minerals are likely to occur in the se!dimentary section. 
Lacking specific analytic data on thorium contents of 
K-feldspar and mica in Kulthieth sandst-, it was 
necessary to use the published values from the literature 
(Suau and Spurlin, 1982). It is unknown how applicable 
these values are to the Kultheth sandstones. However, 
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studies suggest that fairly narrow and distinctive mges  
of thorium-potassium ratios are typical for K-kldspar, 
mica, and other aluminosilicate minerals (Hassan and 
others, 1976; Schlumberger, 1988, p. 58-59). Since the 
potassium contents of K-feldspar and mica are relatively 
fixed, their distinctive thorium-potassium ratios suggest 
that variations in thorium should not be too large. 

Examination of the range in Th-K ratios from log 
chartbooks (fig. 42) (Schlumberger, 1988, p. 59) 
indicates that the variation in thorium will primarily 
affect the slopes of the mica and K-feldspar lines. 'Ibese 
are shown to vary by f 18 percent and f 9 percent, 
respectively. On the cross-plot analysis of figure 82, this 
amount of variation will have the largest effwt on the 
estimate of the relative proportion of mica to K-feldspar, 
but only a minor effect on the estimate of the total 
amount of these two minerals. The tendency noted by 
Peveraro and Russell (1984, p. 504) for the Th-K 
cross-plot to consistently overestimate feldspar and 
underestimate mica, may possibly relate to the slope of 
the mica line being too high. These discrepancies and 

the cross-plot aalysis, but do suggest that the results 
should be viewed cautiously as semiquantitative 
estimates unless calibrated to specific core and analytic 
data. 

A Th-K cross-plot of the upper Kulthieth sandstone unit 
is illustrated in figure 82. The cross-plot suggests tbat 
the cleaner Kulthieth sandstones contain variable 
amounts of radioactive minerals (mica and K-feldspar) 
ranging from about 5 percent to 25 percent, with an 
average of about 15 percent. 'Ibis compares moderately 
well with visual and petrographic estimates of tbese 
minerals in sandstone core samples, which indicate a 
similar range and an average content of 13 percent mica 
plus K-feldspar (Barnes and others, 1983; Dandavati and 
Schlottmann, 1984). According to the cross-plot, mica 
appears to form the bulk of these percentages, since the 
largest number of points fall closer to the mica line than 
the K-feldspar line. A frequer~y distribution of mica 
content in clean Kulthieth sandstoae calculated from the 
cross-plot suggests a mean mica cootent of 11 perceat 
(fig. 83). 

uncertainties do not appear svere emugh to invalidate 

Figure 81. Diagrammatic thorium-potassium cross-plot for evaluating micacems and feldspathic sands &om 
natural gamma ray spectrometry log data. The crossplot is derived from the inset diagram (upper left), which is a 
cross-plot with a horizontal potassium scale large enough to encompass the pure mica and K-feldspar end-member 
points. Nonradioactive minerals such as quartz and plagioclase plot at the origin. Mineral admixtures are 
considered to vary linearly between end-member points. Points filling below the mica line represent micaceous to 
feldspathic sandstones that are largely shale-free. Points frilling above the mica line represent shales, siltstones, 
and shaly sandstones (after Suau and Spurlin, 1982). 
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From the relative abundance of mica and K-feldspar that 
was estimated from Th-K crossplot, a sadstom matrix 
or grain density was calculated for each log point from 
the percentage and known density of each of the 
different mineral components. Tbe nonradio~ctive 
minerals were assumed to be quartz and plagioclase, in a 
ratio of about 4:3 based on the petrographic data. 
Plagioclase exhibits a fairly large range of density from 
2.62 gmlcm3 to 2.76 gm/cm3 (Berry and Mason, 1%9), 
and an intermediate value (2.69 gm/cm3) was assumed 
in the analysis. Plagioclase bldspm in Kulthieth 
sandstone are interpreted to have originated mainly from 
igneous and meta-igneous rocks that were chiefly 
intermediate in composition (Wider aad others, 1976). 

test which method of estimating grain density yields the 
most accurate porosity. Cr085plots of these porosity 
data are shown in figure 84. 

Ideally, if a one-to-one linear relationship exists between 
core porosity and the calculated density porosity, the 
points will plot equally along either side of the central 
diagonal of the cross-plots in figure 84. lb data in plot 
A involving the & come closer to plotting this way, 
but exhibit greater scatter tban the data in plot B 
involving $b In addition, linear regression of the data 
indicates that the slope in plot A (0.88) divergea more 
from the diagonal (1.0) than that of plot B (1.02). 
M e r m o r e ,  the data of plot A have a lower amelation 
coefficient and a greater kdad deviation of regression 

Grain density determined from tbe Th-K crc#rcr-pIot than that of plot B. This indicates that whilc the average 
analysis was then used to calculate p i t y  fiom density $D, more closely approximatea $,-, it has a weaker 
logs (a. The mean grain demity from core data linear relationship and a wider range of error tban 
(fig. 80) was also used to calculate potosity from density in plot B. However, in plot B consistently 
logs (b). These two types of density p i t y  were underestimates porosity by an average of 1.5 percentage 
compared with porosity fiom co~~ventianal cotes (&) to points relative to $C. 

F p  82. Thorium-potassium cross-plot used in evaluating the mineralogy of the upper Kulthieth sandstoaes in the 
OCS Y-0211 No. 1 well (8,570 to 11,650 feet). Numbers at plotted points represent relative SP log response 
(0= clean sand and 9= shale). The plot suggests that cleaner Kulthieth sandstows (pints Wing between the mica 
and K-feldspar lines) contain between 7 and 23 percent mica and K-feldspar. Tbe shale point used in evaluating 
sbaly sandstones is extrapolated somewhat beyond the shale trend line because log and core data indicate that tbe 
shales are quite silty. 
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The reapon for the porosity mnhdmation of dp, is 
uncertain, but may be attributable m part to slight 
artificial porosity increases in cores relative to the in situ 
formation porosity. The problem with i n c r d  scatter 
in the do, evidently results from variation m the 
accuracy of grain density evaluated h m  the Th-K 
cross-plot analysis. The cause of this hammcy m grain 
density is uncertain, but a number of factors d d  be 
responsible. Statistical vatiatione in the gamma ray logs, 
inaccuracies in the values of the end-member mineral 
points of the Th-K cross-plot, and the preseace of 
minerals with large density contrasts that are not 
detected by the cross-plot, such as pyrite, siderite, or 
coaly detritus, could all introduce error m the grain 
density evaluated from the Th-K cmssplot analysis. 

The ambiguous results of the statidcal analysis of the 
porosity data in figure 84 can be interpreted in two 
different ways. If one assumes that porosity 
measurements from cores (4d) are inflated relative to 
the actual in situ formation porceity, then the 4D, 
clearly yields the most accurate porosity. If, however, 
one assumes tbat dC accurately represents in silu 
formation porosity, then dDx provides a better average 
approximation of formation porosity. 

Given the uncertainties m the assumptions and 
parameters involved in the Th-K cross-plot analysis, it 
seems probable that is the more accurate p i t y  of 
the two. However, the difference in the range of error in 
these two methods of calculating porosity is not great. 
The standard deviation of the regressions suggests that 

F i e  83. Frequency distribution 
of mica content (percent volume) in 
relatively shale-free Kulthieth 
sandstones in the OCS Y4211 
No. 1 well (depth interval 8.m to 
12,000 feet). The mica colltent was 
evaluated from thorium-potassium 
cross-plots from natural gamma ray 
spectrometry logs (fig. 82). 

about two-thuds of the time 4 ~ ,  and &D, will be 
accurate to within f 2.5 and f 3.0 percentage points, 
respectively. Thus, in wells where mi- s iudshm 
are known to occur, but where quantitative core data are 
lacking, the Th-K cross-plot analysis appears to provide 
a workable method of estimating mineralogy and 
sandstone grain density for calculating density porosity. 
Both types of density porosity were included in the 
evaluation of Kulthieth sandstoaes (table 4). 

The density porosity from i b e  two techniques 
measures the total or bulk-volume p i t y  of the 
sandstone. In clean sandstones containing little or no 
shale or clay, the total porosity is generally 
reprentative of the effective permeable porosity. 
However, in shaly sandstones, the total porosity also 
includes ineffective micropomcaity within the shale or 
clay, which is essentially impermeable. Therefore, m 
shaly sandstone intervals, it is necessary to correct the 
density pomaity (4D) for the shale or clay porosity 
component in order to obtain effective porosity (I$& 
The shale porosity component (ha) was calculated 
using the following equation adapted from Asquith 
(1982): 

h a  =Va~J@rns-~bdl@rnr-~dl 
where: V& =volume of shale 

p,, =matrix density of shale 
pbr =bulk density of adjacent shale 
p, =fluid density. 

The porosity due to M e  (ha) was then subtracted 
from the density porosity (b) to obtain effective 

porosity (4d. 
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Because there were indications of oil shows in upper Sw= 
Kulthieth sandstones in the cuttings and cwes, water 
saturation (Sw) was also calculated from the logs to 

A 

r. 

a 

0.0 6.0 12.0 18.0 24.0 30.0 

QDx (Density Porosity, percent) 

B 

0.0 6.0 12.0 18.0 24.0 30.0 

9, (Density Porosity, percent) 

determine the presence and amount of hydrocarbons (oil where: &V =resistivity of formath water 

or gas saturation = law). Low values of Sw indicate % =resistivity of adjacent shale 
R, =true formation mistivity 

prospective hydrocarbon-bearing zones. Tbe following +E =effective porosity 
equation from Simandoux (1963) was used to determint Ve =volume of shale. 
water saturation: 

An %, value of 0.16 ohm-meter (170 "F) was used in 
the equation. This Rw value was derived from salinity 
analyses of formation water prorfuctd during drill stem 
tests of the OCS Y-0211 well. The Simandoux aquation 
was used because it is appropriate for shaly sandstwee 
where the shale is primarily interlaminated rather than 
dispersed within the pore space (Asquith, 1990). 
Descriptions of cores from the OCS Y-0211 well 
suggest that the bulk of the shale in Kulthieth 
sandstones is of this type (Bamea and others, 1983). 

The actual calculations in the log interpretation of 
Kulthieth sandstones of the OCS Y m l l  well were 
made using a computer algmthm of tbe various 
methods discussed and are shown in table 4. Well log 
data were obtained from a digital magnetic library tape 
in Log Information Standard (LIS) format. Borehole 
and environmental corrections were applied to the log 
data and calculations were made every 0.5 fe& over the 
interval of the upper Kulthieth sandstwe unit. No 
calculations were made below about 12,000 feet in the 
well. Below this depth, the SP log did not deflect 
opposite Kulthieth sandstone beds, iodicating little or no 
ionic permeability; This suggests that compaction and 
diagenesis has essentially eliminated all effective 

F i  84. Cross-plots of conventional core porcmity 
versus density porosity of Kulthieth sandstones, ARC0 
OCS Y-0211 No. 1 well. In plot A, density porosity was 
calculated using variable grPin density. Tbe grain 
density was determined from spectmmetty logs (figs. 81 
and 82). Ln plot B, density porosity ?as calculated using 
a constant grain density (2.67 gmlcm ) obtained by 
average core grain density nwmmmmts (fig. 80). Tbe 
solid diagonal lines of tbs plas represent an ideal 
one-to-one relationship between core and density log 
porosity. Linear regression (dashed lines) indicates that 
the equation of the porosity data in plot A 
(#c=O.Ww+ 1.64) falls closer than that of plot B 
(&= l.W~e+ 1.31) to the diagonal, onetoone line. 
However, the data of plot A have a lower correlation 
coefficient and a greater standard deviation of regression 
than in plot B, indicating that &e density porosity 
derived from the Th-K log analysis introdwea more 
scatter than density porosity derived from the average 
grain density. 



porosity and permeability in Kulthieth sandstone below 
12,000 feet in the OCS Y-0211 well. 

Sandstone Reservoir Quatity 

The results of the log analysis of Kulthieth sands in the 
OCS Y4211 well are shown in table 4. 
Compositionally, the log analysis suggests that the 
sandstone of most beds averages about 60 to 85 percent 
quartz and plagioclase, 1.5 to 7 percent K-feldspar, 4 to 

14 percent mica, and 1 to 30 percent shale. Many of the 
thicker sandstones are apparently quite clean and bave 
less than 5 percent shale. Ductile deformation of mica 
flake8 or grains is probably a significant facior in the 
reduction of porosity and permeability in Kulthieth 
sandstone. Compared to Yakataga sandstones, Kulthieth 
sandstone8 are highly compacted md generally exhibit 
high packing density (Winkler and others, 1976). 
Because core descriptions indicate that a significant part 
of the mica is concentrated in the fixm of thin 
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laminations, vertical permeability may be significantly 
restricted within most Kulthieth sandstone beds. 

Average sandstone porosity from the log analysis 
(table 4) ranges fkom as much as 24 percent in a thick 
bed near the top of the formation to about 10 percent in 
the lower part of the upper sadatom section near the 
depth where the SP log stops -ng to sandstone 
beds. This indicates that when average porosities fall 
below about 10 percent, Kulthieth sandstones are largely 
impermeable. This suggests that a mlmb~tial amount of 
the total porosity (an average of about 10 percentage 
points) consists of ineffective microporosity. 
Consistently low permeability in Kulthieth sandstom, 
despite relatively high porosity also suggests abundant 
micropomsity. 

The relationship between porosity and permeability from 
measurements of conventid core8 fiom three 
Kulthieth sandstones in the OCS Y-11 well is depicted 
in figure 85, part A. l b o  popdatiuns of data points are 
evident that suggest two distinct types of sandatone 
reservoir quality. In the lower and larger population, 
when porosity falls below about 20 peicent, permeability 
is generally less than 1 md. This relationship indicates 
that most of the porosity is in the form of ineffective 
microporosity. This type of saadstwe would be very 
poor reservoir rock. Thc d t o n e  represeated by the 
upper, smaller population of points would be somewhat 
better reservoir rock: permeability does not Ml below 
1 md until h e  porosity is less than about 9 percent, and 
at porosities of 18 percent or more, permeab'ity may be 
over 10 md. This type of sandstone would have poor 
(1-10 md) to moderate (10-100 md) reservoir quality. 

A comparison of these pity-pefmeability 
relationshipe with those of other andstoncs with various 
types of autbigenic clays (fig. 85, part B) suggests that 
pore-bridging clays or cements are affecting the lower 
permability Kulthieth sands, a d  pae-khg clays and 
cements are affecting the somewhat betkr quality 
Kulthieth sandstones. Although the log analysis derived 
from the Th-K crassplot suggests that many of the 
Kulthieth sandstones are relatively clay free (less tban 
5%), it should be noted that the crossplot is relatively 
insensitive to nonradioactive clays such as kaolinite and 
cblorite (Suau and Spurlin, 1982). These nawadioactive 
clays would go largely undetected by this log analysis 
technique. 

Petrographic and x-ray diffraction data firm the OCS 
Y-0211 well (fig. 86) indicate that aside from compacted 
mica and ductile lithic grains, autbigenic kaolinite clay 

and calcite cement are probably among the most 
significant components occluding the intergranular 
porosity of upper Kulthieth sandstones. Kaolinite 
appears to be the most pervasive component, while 
calcite, although significant, ia generally more localiztd. 
Altemtion of the abundant plagiaclase in Kulthieth 
sandstone is interpreted to be the main source of the 
autbigenic kaolinite. The formation of kaolinite and the 
dissolution and alteration of plagioclase and volcanic 
rock fragments have apparently resulted in the 
development of abundant secondary microporo6ity that 
is evident from the log and core analysis. 

The core data of figure 8J provide a rather bleak 
assessment of Kulthieth te~ervoir potential because the 
bulk of the formation recovered by the cacs consists of 
low permeability sandstone with podxidging clays and 
cements. However, this assessment may be too 
pessimistic because none of the conventional cores 
sampled the rocks that log analysis indicates am the best 
sandstones. Cores 2 and 3 primarily sampled mud-rich, 
bioturbated intervals, and core 4 was cut in a zone 
characterized by thinly interbedded sand and shale or 
siltstone (fig. 48 and appendix F). 

The better Kulthieth sandstonea that were not cored may 
fall closer to the trend of the higher permeabiity 
population of figure 85. For example, the Kulthieth 
sandstone with the highest average porosity (24 percent, 
fig. 87) has an average permeability of 18 md based on 
calculations from drill stem test data. The porosity and 
permeability of this sandstone plot near the middle, 
pore-lining-clay trend-line of moderate reservoir quality 
sandstones in figure 85, part B. The drill stem test of 
this sandstone was conducted though perfitions in the 
well casing between 8,950 and 9,070 Eeet, and the initial 
flow and pressure buiidup data suggcstcd a flow rato of 

about 850 barrels of formatiqn water per day (ARCO, 
1983). If the formation was not significantly damaged 
during the drilling and casing v s ,  this in situ tcst 
may be the most accurate assessment of permeability in 
the better Kulthieth sandstones of the OCS Y-0211 
No. 1 well. 

Similar permeability data have been obtained elsewhere 
from some of the more prospective onshore Kulthieth 
sandstones. A comparable maximum flow rate fkom a 
drill stem test was obtained from a Kultheth sandshe 
onshore (600 barrels of formation water per day, drill 
stem test No. 2, British Petroleum White River No. 2), 
and similar maximum permeabilities (10 to 20 md) have 
been measured from conventional cott samplca of 
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Figure 85. (A) Porosity-permeability relationship in Kulthieth sandstcmea from conventional cone of the OCS Y-0211 No. 1 well. (B) Effbct of authigenic pore 
clays on permeability (after Noashan, 1977, cited in Asquith, 1990). For coaetaat porosity, diflhmt types of clays have dramatically di%rent e&ts on 
prm~bility. In the Kulthieth sandstonee of plot A, the popuhtion of paints in the upper left suggests pore-lining clays and at the lower right, pore-bridging 
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DISS=Dissolved - Trace 
PlAG=Plogioclase - Rare 
*FOG=Feldspar overgrowth - Common 
GRC=Grain rimming clay Abundant 
VRF=Volcanic Rock Fragment 
KAOL-Kaolinite 

Figure 86. Summary chart showing diagenetic constituents in the OCS Y-0211 No. 1 well (modified from lhndavati and Schlottmarm, 1984). 



Bulk Formation 

100 - percent - 

Figure 87. Wireline logs and interpretation of the Kulthieth sandstone with the highest feservoir 
potential in the OCS Y-0211 No. 1 well. This sandstone (8,945 to 9,085 feet) has an average 
porosity of about 24 percent and is relatively clay free (see table 4). Drill stem test data suggest an 
average permeability of 18 md. The interpretation in the right track depicts clay-shale (long dashed), 
mica (short dashed), K-feldspar (finely stippled), quartz and plagioclase (coarsely stippled), 
hydrocarbon saturation (diagonally ruled), and porosity (no pattern). 
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Kulthieth sandstones from the Phillips Sullivan No. 2 
well. 

Oil shows were noted in cores and cuttings from the 
Kulthieth Formation in the OCS Y4211 No. 1 well, but 
water saturations from the log analysis in table 1 are 
consistently high and do not suggest any hydmcahon 
production capabiiity. Several driU stem testa of 
Kulthieth sandstones in the OCS Y m l l  well hiled to 
produce significant hydrocarbons (ARCO, 1983). 
Probably the most favorable oil shows from the 
Kulthieth Formation were encountered in the onshore 
Phillips Sullivan No. 1 well, which produced a 
maximum of 15 barrels of oil and 45 h l s  of water 
per day during testing (PWips, 1954). 

Sandstone Thickness and Distribution 

Data on the a d  distribution of Mndstont in the 
Kulthieth Formation in the Gulf of Alaska an s p  
compared to that of the Yakataga Formation. Only the 
offihore OCS Y-11 No. 1 and anahore Malaq-ha 
No. 1-A wells penetrated the entire Kulthieth 

Formation. The Kulthieth Formation was partially 
penetrated in eight (or possibly ten) otber coastal 
onshore wells, but in these we& thrust hulting, folding, 
unconformities, or shallow peaetration has complicated 
interpretation (Plafker, 1967; Rau and others, 1983; 
Larson and others, 1985a). 

The paucity of well control precludes the construction of 
representative sandstone isopach or percentage maps. 
Nevertheless, some trends were delineated (fig. 88). In 
surface exposues from the northem part of the 
Yakataga district and in the Samovar Hills, the Kulthieth 
Formation is about 60 percent sandstone (Winkler and 
others, 1976). Southeast of Y b t a t  Bay in the Yakutat 
district, the Kulthieth Formation that was penetrated hy 
several coastal onshore w e b  is about 50 percent 
sandstone. South and southwest of these areas in coastal 
onshore wells of the Yaklltaga and Malaspiaa districts 
and in the offshore OCS Y m l l  well, bre Kulthietb 
Formation is generally about 30 percent sandstone. In 
the Katalh area, the Richtield B e ~ g  River No. 1 well 
penetrated about 6,100 fwt of steeply dipping and 
faulted shaly Eocene lithofacies without encountering 

F i e  88. Eocene sandstone trends in the Tokun-Kdthieth-*--Haydon Peak stdgraphic sequence. 
Stratigraphic wends and the limited well and outcrop control suggest that shaly iithokiea of the Tokun- 
Stillwater-Haydon Peak Formations may predominate in the southwestem part of the Yakutat terrane. For wells, 
sandstone content (percent) was interpreted from SP logs; for measured sections, it was taken from Winkler and otbem 
(1976). 
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Figure 89. Kulthieth &&tone bed thickness distribution fiom seven onshore expl- wells. Histogram A 
displays bed thickness frequency of occurrence and histogram B displays percent of total sandstone thickness of 
each bed thickness category. Sandstones were identified from SP logs. Saadstwe beds less than 5 &et were not 
counted. (British Petroleum White River No. 2 and No. 3 wells, Phillips b l e u m  SuUivau No. 1 and NO. 2 
wells, and Colorado Oil and Gas Malaspina No. l-A and Yakutat No. 1 and No. 3 wells.) 

any Kulthieth sandstone ficies. However, the well did Kulthieth sandstones identified fiom SP logs of seven 
not drill through the entire Tokun-Kultbieth-Stillwater onshore exploratory wells occur in beds up to 485 feet 
sequence. These data suggest a diminishing saodstwe thick. The relative distribution of Kulthieth sandstone by 
trend to the southwest away fiom northeastern to eastern bed thickness in these wells is shown in figure 89. 'Ihe 
sediment source areas. This sandstone trend is in gemmi average bed thickness is about 60 feet and m a t  beds are 
agreement with lithofacies distriion, paledepo- between 5 and 125 feet thick. All of the thicker beds in 
centers, and paltocurrent data, all of which suggest a excess of 200 feet were enmuatered in wells drilled east 
northwesterly trendiig Eocene paleoshoreline with of Yakutat Bay. For comparison, Kulthieth sandstones 
sediment source areaa to h e  norrheast (see chapter 5). drilled in the offshore OCS Y42ll  Nu. 1 wen a m  

shown in figure 90. In the OCS Y m l l  well Kdthieth 
It is uncertain how fu offshore in the Gulf of Alaska the sandstone beds range from 5 to over 150 feet thick and 
sandstones of the Kulthieth Formation may extend. In have a mean thickness of 36 fat. A signitkant part of 

the Katalla district the Kulthieth Formation apparently the sandstone in the OCS Yo211 well occurs near the 
shales out to the southwest into tbe Tokm and Stillwater top of the formation in a 1,100-fod-thick seapace of 
Formations. It sctma likely tbat this may also occur stacked b;ds with a net sandstone thickma of over 

offshore in the Gulf of Aiaska as sediment source areas 760 W. 
became more distal. However, the stratigraphic trends 
and the relative abundance of Kulthieth sandstone The distribution of Kulthieth sandstone in the ollshore 
encountered in the OCS Y-0211 No. 1 well suggest &at wells and the offshore OCS Yo211 is quite similar if 
Kulthieth sandstone occurs offshore along the southwest the thicket beds from east of Yakutat Bay are ignored. 
flank of the Dangerous River zone in a southeasterly In those wells that drilled several thousand feet or more 
trendiig belt which extends to at least the Paltogene of the Kulthitth Formation, the aggregate total t h i c b s  
basin depocenter @late 5). of sandstone encountered is generally between 1,000 and 

2.500 feet. 
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Figure 90. Kulthieth sandstone bed thickness distribution in the ARC0 OCS YU2ll No. 1 well. Histogram A 
displays bed thickness frequency of occurrence and histogram B displays percent of total sandstooe thickness of each 
bed thickness category. Sandstones were identified h m  SP logs. Sandstooe beds less than 5 feet were not counted. 

summary well-sorted during deposition, as they are relatively b e  

Onshore, Kulthieth sandstones were deposited m a 
southwesterly progradiig deltaic system. In the offshore, 
Kulthieth sandstones were deposited m relatively 
deepmarine environments a p t l y  as submarine fans 
andlor outer shelf/slope break deposits. Sparse well and 
outcrop data suggest that Kulthieth sandstones may sbale 
out in southwestern areas of the Paleogene baain of the 
YPEru~ai krrane. Stratigraphic trends drom the limitad 
control data suggest that Kulthieth sands- may occur 
considerable distances offshore m a brond belt southwest 
of and paralleling the Dangerous River urne. In the 
single offshore well (OCS Y m l l  No. 1) to pemtmb 
this inferred belt, an aggregate siuxbm thickmm of 
over 2,100 feet was encountered in the Kulthietb 
Formation. Kulthieth sandstone beds in the well range 
up to about 150 feet in t b i c h  and have a mean 
thickness of 36 feet. The most prospective Kulthieth 
sandstones in the well occur oear the top of the 
formation in a 1,100-foot sequence of sandstone beds 
with a net sandstone t h i c k  of over 760 feet. 

Kulthieth sandstones are predominantly fine- to very 
fine-grained, and many Kulthieth sandstones were fjrirly 

of primary detrital clay or shale. However, Kulthieth 
sandstones are arkosic and micaceow and have 
undergone significant compactian and diagenesis. In the 
OCS Y m l l  well, compaction of ductile mica grains 
and the alteration of plagioclase feldspar to form 
pore-lining and pore-bridging authigenic kaolinite bas 
significantly reduced prinmy porosity and permeability. 
Below burial depth of a b u t  12,000 k t  in the offshore, 
Kulthieth sandstones appear unlikely to exhiiit any 
significant permeability. Sandstones above this burial 
depth display substantial porosity ranging from about 
10 to 25 percent, but much of this is in the hrm of low- 
permeability microporosity in authigenic kaolinite clays 
and altered plagkxlnse grains and lithic clast.9. b y  
Kulthieth sandstones at depths of less than 12,000 feet 
exhibit permeabilities less than 10 md and have poor to 
very poor reservoir potential. However, some of the 
thicker Kulthieth eandstones h m  tbe upper part of the 
formation can be expected to have moderate reservoir 
potential, with porosities of h m  17 to 25 percent and 
permeabilities of 10 to 20 md. 

Opposite. Chilcat Oil No. W well, KhtallafieId. lhe 
well war drilled with a cable tod rig. lhe large spool in 
the buckground is thc bull wheel. 
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9. Temperature Gradients 

The distribution of temperature variea with depth within Y4211 No. 1 well and the Gulf OCS Y-9 No. 1 
the earth's crust. The f is t  derivative of a continuous or well are based on corrected bottom hole temperatures 
very closely sampled temperature log, a/&, is termed (BHT). The other temperature data represent maximum 
the temperature gadimt. If coladuction of heat in observed BHT's. 
directions not parallel with z, or the vertical 
axis, and convection of heat are ignored, Figure 91. Corrected and uncorrected bottom hole temperaturea 

dT/& is directly proportional to vertical (BHT) from selected wells in the Gulf of Alaska. 'Ibe depths an 
corrected to sea level. 

heat flow within the crust and inversely 
proportional to the conductivitia of the 
crustal materials. At a given locatiun, the 
heat flow can be regarded as constant over a 
s h d  time interval. Therefore, the 
temperature gradient reflectn changes in dm 

conductivities of the lithologies penetrated 
by the drill and can be correlated with well 
logs such as sponheow potmtial or 
resistivity logs. However, tbe temperature 
gradients computed for most drill holes are 
derived from temperatme mamemmts 
made at widely spaced depth intervals and 
actually represent average temperature 
gradients (AT/&). To add further 
complications, the drilling process altera 
ambient rock temperature (Bullard, 1947). 
Circulation time, the time dining which the 
drill hole has been exposed to the relatively 
cool drilling fluids, is the most important 
factor in the alteratim of ambient rock 
temperature. In practice, accurate 
circulation times are usually unavailable. 
Additionally, the mathematical corrections 
commonly used to eliminate or teduce this 
source of error have not been rigorously 
tested in shut-in w e b  where long-term 
temperature recovery was actudy observed. 
Thus average temperature gdients m of 
questionable significance (Gretener, 1982). 

Geothermal gradients vary across the Gulf 
of Alaska, and most probably have varied 
throughout geologic time at any single 
location. Average temperature gcadicnts 
from selected wells are displayed in figure 
91. The gradients fw h ARC0 OCS 



Corrected bottom hole temperatma can be estimated 
from observed BHT measurements by means of a 
technique suggested by Fertl and Wichmann (1977). 
This analytical extrapolation is accomplished by 
applying a linear regression to BHT observations versus 
the logarithm of the expression: 

At 
t + At 

where for each temperature measurement, At = time 
fiom cessation of circulation of drilling fluid to the 
measurement of the BHT (hours), and t = the 
circulation time (hours). The projection of the line 
defined by these points to the temperature reached when 

-- At - 1 is considered to be the corrected or the true 
t + At 
static formation temperature. This occurs when the 
recovery time (At) becomes large relative to the 
circulation time. The procedure is based on the 
observation that the temperature rise after the circulation 
of drilling fluids has ceased is similar to static pramre 
recovery and thus may be analyzed in a similar manner 
(Fertl and Wichmann, 1977). This technique is 

considered to yield true static formation temperatures 
until circulation times exceed 24 hours. The procedure 
for projecting the corrected BHT f a  the final drilling 
nm in the OCS Y4Xll No. 1 well is illustrated in figure 
92. 

Clearly, very detailed drilling histories are tequired to 
compute such a correction. In the Gulf of Alaska wells, 
detailed records of circulation times are rare. 'Zbe best 
information available is from the OCS Y-0211 No. 1 
well, which was drilled most recently. 

Temperature profiles for the OCS Y-0211 No. 1 and 
OCS Y-9 No. 1 wells are illustrated in figures 93 
and 94. These profiles were derived fiom linear 
regressions of the corrected BHT valw. Tbe repeat 
formation tester @IT) also provkkl data for the OCS 
Y-0211 No. 1 well. However, because this tool samples 
only a tiny amount of formation fluid, probably derived 
from the annulus immediately surrounding tbe drill hole, 
these temperatures are generally considered to be lesa 
than true formation temperatma. 
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Because adequate estimates of circulation times were not 
available for most of the Gulf of Alaska wells, corrected 
BHT values were plotted only for tbe OCS Y m l l  and 
OCS Y m 5 9  wells on figure 91. The protiles for the 
corrected BHT values fhm the two wells appear to 
d e h e  an envelope that contains most of the other 
available uncorrected maximum observed BHT data for 
the region. 

The maximum BHT values and the temperature gradient 
from the OCS Y4211 No. 1 well are significantly 
greater than those of the other wells. The temperature 

gradient from a linear regression of corrected BHT 
values for the OCS Y4211 No. 1 well is 1.89 % per 
100 ftet of depth (table 5). For uncorrected BHT values 
from this well, the temperatme gradient drops to 1.64 
OF/100 feet. Temperature gradients t bm linear 
regressions of uncorrected BHT data fbr the other wells 
range from 0.75 to 1.05 %/lo0 feet. Although the 
temperature gradient for the Tenneco Middleton Island 
No. 1 well is low, temperahires in the depth range 
where they are available tend to be higher than those of 
the other wells except for the OCS Y4211 No. 1 well. 



Some of the factors that may have influenced these 
tempefature gmditnta are: 

Drilling conditions such as circulation times and 
temperature recovery timea probably changed 
from well to well and from drilling run to drilling 
run. 

Regional heat flow may vary in a tectonically 
active area the size of the Gulf of Alaska Tertiary 
Province. The heat flow in the vicinity of oceanic 
trenches associated with subduction zones tends to 
be low (Lee and Uyeda, 1965). Heat flow may 
also have varied with time. Pla&er (1987) points 

.out that regional heat flow during the early to 
middle Eocene was probably greater as a 
consequence of the emplamnent of @toid 
plutons throughout the Chugach aod Prince 
William termm. 

The late Miocene to Pleistocene Yakataga 
Formation is not as thick m the OCS Y4211 No. 
1 and Middleton Island wells, which penetrated 
significant thicknesses of Paleagem sediments. 
The thickness of the Yakataga Formation m these 
two wells ranges from 2,000 to 3,000 feet, 
compared to 8,000 to 13,000 feetinother Gulf of 
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Table 5. Selected bottom hole temperature values from Gulf of Alaska wells. 
- 

Depth bdaw Uncorrected Corrected 
Wdl sea levd maximum BHT maximum BHT 

(measurements in feet) (f set) (OF) (OF) -- 

OCS Y-0211 NO. 1 4,985 113 116 
RKB: 86 10.1 08 205 21 6 
Depth of water: 450 15,161 272 298 

17,714 329 363 

OCS Y-0032 NO. 1 4,722 115 
RKB: 96 10,129 145 
Depth of water: 240 1 3,33 1 1 84 

14,320 197 

OCS Y-0007 NO. 1 4,755 1 03 
RKB: 95 9,537 '1 48 
Depth of water: 250 1 1,250 1 63 

13,850 1 90 
14,917 205 
15,862 213 
17,810 244 

OCS Y-0014 No. 1 and No. 2 4,957 86 
RKB: 90 7,313 108 
Depth of water: 480 9,202 124 

1 1,878 163 
14,194 178 
1 5,162 190 

OCS Y-0059 NO. 1 6,027 89 
RKB: 85 8,609 89 117 
Depth of water: 623 1 1,442 116 146 

- 
141 

- 

OCS Y-0080 NO. 1 4,016 90 
RKB: 82 8,920 128 
Depth of water: 448 1 1,465 136 

13,410 1 66 

Tenneco Middleton Island No. 1 8,117 1 53 
RKB: 70.7 8,745 156 
Depth of water: Approx. 60f 10,354 172 

1 1,438 177 
1 1,942 187 - 



Alaska wells. Thick sequeaceg of young, rapidly 
deposited sediments tend to exhiiit depressed 
thermal gradients. 

The total thickness of sediments above d 
basement in the OCS Y-11 No. 1 well is about 
17,000 feet. The total thicknm of intemsely folded 
and faulted sediments may be as great or greater 
than 30,000 feet in other parts of the region. 

Stress affects the thermal conductivity of rocks 
(Gretener, 1982). The deformation of m 
the wells exhibiting lower temperature gradients 
suggests that they have been subjected to 
considerable amounts of tectonic stress that cuuld 
have reduced porosity and d t e d  in an increase 
in thermal conductivity, thus decreasing the 
geothermal H e n t .  

Water circulation in the upper few kilometers of 
the crust may be responsible fw heat transfer if 
sufficient permenb'ity is present in the sediments 
(Gretener, 1982). Faults and klure,9 can also 
alter permeability and heat transfer. 
Temperature projections involving the upper few 
thousand feet of sediments in wells are typically 
unreliable. 
Temperatures near the d c c  of the crust 
not yet have equilibrated since the withdrawal of 
Pleistocene glaciers (Jessop, 1971; Majmwicz 
and others, 1988). 

Present-day temperatures and temperature gradients in 
the Gulf of Alaska probably till within the profiles 
exhibited by the OCS Y-9 and the OCS Y42ll 
wells (figure 91). The comcted BEIT values from the 
Y42l 1 well are currently the best estimate of the 
temperature distribution available l b m  wells drilled in 
the Gulf of Alaska. A temperatum function for this well 
can be derived from a least squares r e p s i o n  of the 
corrected BHT values in table 5. In the tectonically 
deformed area where most of the wells were drilled, 
near the convergence of the transform plate bwndary 
and the subducting plate boundary, true ambient rock 
temperatures are. probably greater than the observed 
bottom hole temperatures but less than the higher values 
from Y42ll. Tempera- fadher west, near 
Middleton Island, appear to be slightly higher than those 
observed in the deformed area. Becauss the available 
drilling history for the Middleton Island well is 
particularly poor, it is possible that these differences 
may be apparent rather than real and a function of 
uncertainties in estimating circulation times. Various 
authors have presented h-cal temperature 
gradients for the Middleton Island region (Bolm and 
others, 1976; Fisher, 1980, Fiher and others, 1984; 
Bruns, 1982b). 
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10. Organic Geochemistrv and Source Rock Potential 

Introduction 
During the first third of the century, smallgcale oil 
production occurred in the Gulf of Alaska Tertiary 
Province (figs. 34b and 66; plate 8). Periodic attempts 
have been made since that time to discover additional 
petroleum resources in the region. This report 
summarizes and interprets the geochemistry that has 
resulted from these investigations. 

Despite previous geologic mapping and carbon isotope 
studies that have identified the Poul Creek and Kulthieth 
Formations as sources of oil m the Gulf of Alaska, this 
study of the available organic geochemistry indicaks 
that the Kulthieth Formation is the most probable source 
of petroleum in the Gulf of Alaska region. This 
conclusion is based on four types of evidence. F i t ,  
detailed composition of the oil samples analyzed more 
nearly resembles heavy-hydrocarbon extracts h m  the 
Kulthieth Formation than extracts h m  Poul Creek 
sediments. Second, the Kulthieth Formation tends to be 
mature or overmature, while the Poul Creek Formation 
is thermally immature. Third, oil production and sample 
analysis indicate a predominance of light, lowaulfiu, 
paraffinic and paraffinic-naphthenic hydrocarbons. Such 
hydrocarbons are generated by terreslxkl or nearshore 
sediments such as those that compose the Kulthieth 
Formation. Finally, a crude oil sample from a well in 
the Katalla Oil Field exhibits biomarkersl characteristic 
of an oil generated from a terrestrial or nearshore 
environment. 

The first section of this chapter, "Onshore 
Geochemistry," summarizes the results of early oil 
production at Katalla and later analyaea performed on 

cuttings from exploratory wells and samples h m  

surface outcrops. The second section, "Offihore 
Geochemistry," compares and evaluates results from 
offshore wells, dredge samples, and Kayak Island 
outcrops. The third section, "Origin of Petroleum in the 
Gulf of Alaska," uses chemical comp.Sition, 
carbon-isotope, and biomarker analysea to establish a 
correlation between the Gulf of Alaska hydrtxdom 
and their probable source. 

While the Kulthieth Formation is suggested as the 
principal source of hydrocarbon, the limited amount and 
often poor quality of data make it apparent that these 
conclusions must remain tentative. The implications of 
the geochemistry considered here may depart &om the 
conclusions of Miller (1975), Armentrout (1983a), and 
Magoon (in press). Some authorities believe the Poul 
Creek Formation contains very rich oil-- source 
rocks (total organic carbon contents of 4 to 10 percent; 
type I and type I1 kerogen), and unpublished data held 
by the petroleum industry reportedly w r t s  this claim 
(Turner, oral commun., 1992). 'Ibis chapter does not 
dismiss such a claim, but rather curcentrates an the 
relevant available public data. 

Throughout the evaluation of potential source rock 
analyses, three precautions should be kept in mind. 
First, total organic carbon is a screeaing device. It helps 
to determine when further analysea are feasible and 
necessary. However, it generally does not 
between source and nonsource materials because the 
mean organic content of all shales is about 1.0 percent, 
and most source rocks are in the range of 1.0 to 
2.0 percent organic carbon (Hunt, 1979). Second, 
transmitted light microscopy, a common evaluation tool, 
frequently identifies predominant *ti0119 of 
amorphous kerogen. Amorphous organic matter may 

1 Organic compounds whose carbon structure, or skeleton, is formed by living organisms and is d c i e n t l y  stable to 
be recognized in crude oil or the organic matter of ancient sed i i t s .  m i c a l  markers are the porphyrins, pristane, 
phytane, steranes, carotanes, and pentacyclic triterpanes. Biomarkers can convey information about the types of 
organisms contributing to the organic matter incorporated in the sediments and thus can be used for 
characterization, correlation, andlor reconstruction of the depositional environment (Hunt, 1979; mssot and Welte, 
1984). 
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come from algal debris or plankton, indicating a good 
petroleum potential. However, other sources may 
produce an amorphous or structureless kerogen. For 
example, precipitation or adsorption of dissolved or 
colloidal organic matter results in a structureless 
kerogen. Intense microbial reworking of organic debris 
may also destroy original biological structures. Based on 
these factors, Tissot and Welte (1984) conclude that 
identification of amorphous organic matter is by no 
means proof of good petroleum potential. Thitd, Clj+ 
extractable bitumens may indicate organic r i c k .  If 
they were generated by the shales in wbich they occw, 
they are a legitimate measure of the shale's organic 
richness. If they were generated elsewhere and migrated 
into the shale, they yield a misleadiig measure of the 
shale's ability to generate hydrocarbons ( T i i  and 
Welte, 1984; Waples and Macbihara, 1991). 

Organic richness and thermal maturity were used to 
evaluate available data for the Gulf of Alaska region. 
Generally, samples with total organic carbon 
content of less than 1.0 percent were considered to have 
no petroleum source potential. Samples with TOC 
values of 1.0 percent or more were included in the 
study, subject to the above-mentioned precautions. For 
example, a single sample from the Euron OCS Y4080 
No. 1 well yielded a TOC value of 1.97 percent, a 
predominant population of amorphous material, a Cis+ 
total extract content of 1,897 ppm, and a thermal 
alteration level of 1 + to 2- wba; 1979). While tbese 
values point to a potential source of petroleum that is 
immature, there is no way to determine if the amorphous 
material truly comes from algal debris or if the bitumen 
migrated into the sediments and produced the high TOC 
value. Alternatively, where complete suites of 
geochemical data were available, such as for the ARC0 
OCS Ymll No. 1 well, described in "Offshore 
Geochemistry," the various sets of data are depicted in 
figures (see fig. 104, for example) and analyzed in the 
accompanying text. 

Onshore Geochemistry 

Produced Crude Oil and Petroleum Seeps 

Abundant oil and gas seeps were discovered in the 
Katalla and Yakataga districts around 18% by 
prospectors exploring for gold @late 8). Detailed maps 
of the region have also been published by Plafker 
(1%7), Miller (1975), Mull and Nelson (1986), and 
Plafker (1987). 

At Katalla, approximately 154,000 barrels of oil were 
produced and refined from 18 wells between 1902 and 
1933 before the refinery was datroyed by fire. Nearly 
all of the oil was produced from a m o w  eastward- 
trending zone of about 60 acres total area. 'Ibe field is 
believed to be located in a fault zone (Miller and others, 
1959). The depths from which the oil at Katalla was 
produced ranged between 360 and 1,750 feet. The wells 
produced from faulted and fractured sandstone, siltstone, 
and shale of the middle Miocene to late Eocene Poul 
Creek Formation (then called the Katalla Formation), 
and from unconsolidated sediments overlying this 
formation (Miller and others, 1959; and Blasco, 1976). 

In 1922. the Chilkat Oil C n m p y  o d  13 producibg 
wells which fed their refinery on Katalla Slough. 
Production had peaked in 1919 at 10,853 barrels 
(Blasko, 1976) and over half the oil prcducticm of the 
Katalla field had been realized. 'Ibe refinery utilized a 
simple fire-still process designed to produce the 
maximum amount of distillate. The crude oil being 
refined, according to a U.S. Bureau of Mines report of 
the period (George, 1922), coosisted of 44' Baume 
gravity (44' API gravity) paraffin-base petroleum 
(Blasko, 1976). The drilling activities at KataUa were 
described by Martin (1921), Miller and otbem (1959), 
and Blasko (1976). 

A narrow, east-west-trending belt of oil seeps occurs 
about 80 miles east of Katalla in the Yakataga district 
(plate 8). These seeps occur largely on or near the 
faulted crest of the SuIli\ian Anticline in rocks of the 
Poul Creek and the lower part of the Yakataga 
Formations. The Yakataga Formation bas an age range 
of Pleistocene to late Miocene in this area. 

A third, smaller area of oil seeps occurs in the Sambvar 
Hills about 20 miles eastdorheast of Icy Bay. It is 
slightly north of the trend of the Sullivan Anticline, 
isolated between the Malaspina, Seward, and Agassiz 
Glaciers on the northwest shore of Oily Lake. This area 
is intensely folded and faulted, and many of the seep 
are mapped along stream beds which occupy fault zooes 
(Blasko, 1976) (plate 8). Oil icrrmes fiom Quaternary 
alluvium, from tbe Piio-Pleistocene portion of the 
Yakataga Formation, from marine and nonmarine 
sediments of the Oily Lake siltstone and Eocene 
Kulthieth Formation, and from in- argillite and 
graywacke of the Cretaceous(?) Yakutat Group (Miller 
and others, 1959, and Pla&er, 1987). 

The produced oil and the oil fiom seeps along the cuast 
of the Gulf of Alaska are generally described in the 
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literature as light, high-gravity, parafi-rich, low-sulfur 
oils, considered to be reasonably mature and probably 
derived from a thermally mature source rock (Martjn, 

1921; Miller and others, 1959; Blasko, 1976; Lyle and 
Palmer, 1976; Plafker, 1987). Geologists who have 
observed these seeps have commented on their 
ephemeral nature and the lack of or limited amounts of 
surface residue associated with them. This may be due, 
in some measure, to the high raiddl in the area, but it 
is also consistent with seepage of light paraffinic cmde 
oils. Blasko (1976), among others, commented on the 
transitory character of seeps in the vicinity of Oily Lake, 
and stated that "a yellow paraffin oil floated on top of 
the water and accumulated in the areas where flow was 
less rapid or impeded. A yellow paraffin material was 
also deposited on the streambeds and collected on rocks 
and moss." 

In the summers of 1973 and 1974, the U.S. Bureau of 
Mines (USBM) investigated the Katalla area and the 
region from Cape Yakataga to Yakutat Bay to determine 
if previously reported seeps were still active, to assess 
the characteristics of seeping hydrocarbons, and to 
estimate the amount of bitumen in the drai~gea leaving 
seeps and entering the Gulf of Alaska (Blasko, 1976). 
This report contains standard USBM (Hempel method) 
distillation analyses for the seeps that were sampled. 
Such analyses are not particularly useful to geologists, 
but other information that is included with them can be 
helpful. Properties such as the density (expressed as API 
gravity), pow point, and sulfur content are both direct 
and indirect indicators of an oil's paraffin content. A 
classification system devised by Lane and Garton (1935) 
based on the API gravities of two key distillate fractims 
is summarized in table 6. 

Highly paraffinic crude oils firecIueatly have a high wax 
content which produces high pwr points (Hedberg, 
1968, and Hunt, 1979). S u l h  contents are usually less 
than one percent in paraffinic oils (I'iwsot and Welte, 
1984). Table 7 summa- pertinent USBM data. The 

first two analyses of crude oil from wells in the Katalla 
Oil Field have high API gravities, fkirly high pour 
points, and low sulfur contents that are consistent with 
paraffin- and naphthene-base oils. The remaining oil and 
bitumen analyses from seeps in the region exhibit 
increasing sulfur contents as the oil becomes denser. It 
is possible that biodegradation, water washing, and 
oxidation selectively removed or destroyed lighter 
components of the crude oil. An alternative explanation, 
less likely according to Magoon (written commun., 
1991), is that the oil was generated by marine sediments 
such as carbonates or phosphatic shales. It is not clear 
whether sulfur is added to the crude oil due to the action 
of the bacteria, or whether sulfur compounds are just 
selectively left over after bacteria have comumed parts 
of the lighter fraction C r y i  and Welte, 1984). 
However, marine sources such as the Monterey 
Formation produce much bigher sulfur contents than the 
results shown in table 7 (Magoon and Isaac9,1983). 

The USBM (Blasko, 1976) found tbat the oils sampled 
from seeps ranged from 35.2' to 14. lo Am gravity with 
sulfur contents of from 0.53 to 1.31 weight percent 
(table 7). Bitumen samples exhiiited API gravities from 
2.4' to 14.6' and the sulfur content ranged from 0.28 to 
0.88 weight pewent. Gas samples had specific gravities 
that ranged from 0.577 to 0.833 and caloric values from 
724 to 1,427 British thermal units per cubic foot. 
Though water samples at some oil seep cuntained as 
much as 246,000 milligrams per milliliter (mglml) of 
bitumen, the average amount of hydrocarboos reaching 
the Gulf of Alaska was less than 0.2 mglml. 

Despite the fact that the Gulf of Alaska is one of 
Alaska's oldest petroleum provinces, few analyses of 
crude oil compositions have been published. Table 8 is a 
list of some published crude oil analyses. 

Early analyses of oil from Katalla were distillation 
analyses performed to assess the nature of the petroleum 
products that could be refined from the c d e  oil 
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(table 8). Historically, clude oils were classified into 
two main groups, paraffin base and asphalt base, 
depending on the content of paraffin or aspbalt in the 
petroleum residuum (Hunt, 1979). A high percentage of 
crude oils are actually mixed base; they do not belong 
distinctly to either the paraffin- or the asphalt-base type. 
Also, a simple distillation canwt adequately define the 
chemical composition of the oil fractions (Hunt, 1979). 
Detailed chemical compositions are needed to COW 

Table 7. U.S. Bureau of Mines oil and bitumen analyses, Gulf of Alaska (from Blasko,1976). 

one oil with another, or an oil with its possible source 
rock. Tissot and Welte (1984) suggested a more rigorous 
method of crude oil classification &rived h m  analyses 
of crude oils from 541 oil fields worldwii. It is based 
on the bulk composition of three fiactkms: (1) alkanes, 
(2) cycloalkanes (naphthenes), and (3) aro~mtics, plus 
nitrogen, sulfur, and oxygen (NSO) compounds (resins 
and asphaltenes). It also take into accouat the sulfur 
content. Two of their diagrams have been combined in 

Locality 

192, Gulf of Almh Geologic Report 

API 

-... ................................ ....................................................... .; - . . . . . . . .  
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.......................... 
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Katalla Oil Field 

Well No. 5 31.9 20 0.52 

Redwood Well Sample from open casing 35.2 -1 0 0.53 

Sullivan Anticline 

Crooked Creek Sample from bitumen sunoundng oil 21 .O -1 5 0.90 

Lawrence Creek Oil seep 12.9 -1 0 0.82 
Mun&y Creek Oil seep 17.2 -1 5 0.96 
Poul Creek Oil seep 24.8 -20 0.68 
Johnston Creek Sample from lower seep pond 15.4 -1 5 0.73 
Johnston Creek Sample from upper seep area 19.0 -10 0.70 

Samovar Hills 

oily Lake sample! from oa residue on water 14.3 N.D? 1.08 
Sample from several smal seep pods 
on dd lake bed 

p in sandstone above 

in rock fonnatim 

Surface bimq (solid) near Oily Lake 
Surface bitumen (solid) near Oily Lake 
Surface bitumen (sdid) near Oily Lake 

Surface bitumen (sdid) near Oily Lake 

~ravi ty  ' (OF) 



Table 8. Some representative oil analyses fbm the coast of the Gulf of Alaska. 
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Katalla Slough Well No. 1 
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Density 
(glcc) 

0.8280 
, 0.7958 

Benzene 
(%I 
21.0 
38.5 

API 
Gravity 

39.4 
, 46.3 

Kerosene 
(%I 
51.0 

, 31.0 

.: 

~ubrica- 
ting Oil 

(%I 

Residue 
Coke and 
Loss ($61 

28.0 
, 21.5 1 9 .O 



figure 95, and the six available oil analyses from the 
Gulf of Alaska were plotted on it. Tiae locations of these 
samples and the specific analyses that were performed 
are listed in table 9. Because most Gulf of Alaska oil 
analyses did not include a breakdown of the alkanes 
versus the naphthenes, thty were plotted on figure 95 as 
lines rather than as points, with each line representing a 
range of possible compositions bounded by the fields 
that Tissot and Welte (1984) consider to be 
characteristic of low-sulfur crude oils (lw than 1.0 
percent sulfur). 

Application of the Tissot and Welte (1984) classiicatim 
system to six crude oil samples &om tbc region indicates 
paraffinic and paraffinic-naphtbenic oils plus a 
biodegraded, o x i d i i  product of one or both of the 
paraffinic and paraffinic-naphthenic oils. Descriptions of 
the six samples follow. 

Pbillips Petroleum provided tbe U.S. Minerals 
Management Service (MMS) with a cnde oil sample in 
1991 (point a on fig. 95). This sample came from a well 
identified as the Katalla No. 36, believed to be tbe 
Chilkat Oil Company No. 18 well drilled m 1921 
(Miller, 1975), and is probably relatively unaltered. It 
was drilled to a depth of abut 1,000 feet m 1921 in 
Section 36, Township 19 South, Rmge 5 East in the 
Katalla Oil Field. The sample was sealed and 
refrigerated, probably for more than 10 years behe  
analysis. The chromatogram (fig. %) and Tisot and 
Welte's crude oil classification (fig. 95) suggest an 
unaltered, mature, paraftinic-naphtbenic c& oil. 

The U.S. Geological Survey (USGS) sampled and 
analyzed two petroleum seeps, one h m  an oil+tained 
rocky intertidal reef on the south end of W ' i  Island 
(sample b, fig. 99, and the other from Hubbe Creek at 
Oily Lake in the Sawwar Hills (aamplo c, fig. 95). The 

Table 9. Analyses performed on oil samples plotted on figure 95. 

(fig. 95) Locaaion Description of Sample Labonrtory Type of Analysis 

a. Ketalla Oil Field, Crude oil sample from GeoChem Laboratories, Inc., Capillary gas 
sec. 36, T. 19 S., R. 5 E. Katalla No. 36 well, Houston, Texas chromatography. 

oridnally Chilkat Oil Gas chromatooraphy and 
Company No. 18 well, mass spectrometry d y s i s  
provided by Phillips of the C16* 
Petroleum Company. paraffimnaphthene. sterene, 

and terpane biomarksr 
compounds and carbon 
isotope ratios. 

b. South end of Winghem Oil swp sample Global Geochemistry, Inc., Gas chromatography and 
Island No. 81APr51C. Plafker and U.S. Geological Survey, mass epectrometry d y s i s  

(1987). Lakewood, Colorado for carbon isotope ratios. 

C. Hubbs Creek, north shore at Oil seep sample Global Geochemistry, Inc., Gas chromatography and 
wast and of Oily Lake in the No. 80APr127, Plafkor and U.S. Ooological Survey, mass specrromerry for 
Samovar Hills (1987). Lakewood, Cdorado carbon isotope ratios, dso 

analysis for sulfur content 
a d  API gravity. 

d. West shore of the east end Oil seep sample collected by GeoChem laboratories, Inc, Gas chromatography. 
of Oily Lake i n  the Satnov~~ ARCO Alaska, Inc., in  July Houston, Taxes 
Hills 1985. ARC0 sample No. 

85-KY-021-WKW. 

B. Samovar Hilts, Oil reap sample Tenneco Oil Company and Gas chromatography and 
sec. 2,T. 21 S., R. 27 E. No. 84WL75, location the German Geologicd APi gravity. 

No. 397, Lyle and Pelmer Survey 
(1976). 

f. Johnston Creek on the Oil reap sample believed to Tenneco Oil Company end Gas chromatography and 
Sullivan anticline near the be No. 89WL75, location the German Geological API gravity. 
General Petroleum Co. No. 333, Lyle and Palmer Survw 
Sullivan No. 1 well (1976). 
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chromatogram of the seep sample (USGS sample 
number 8 1APr5 1 C) from Wingham Island (fig. 97) 
exhibits a slightly bimodal distribution of both alkanes 
and naphthenes. Bimodality indicates thermal immaturity 
(Bayliss and Smith, 1980). The alkane distribution on 
the chromatogram of the seep sample h m  the Samovar 
Hills (USGS sample number 80APrln) exhibits only a 
single alkane mode with a maximum alkane content at 
C1s, characteristic of a mature crude oil (Hunt, 1979). 
Claypool of the USGS inferred that the sample h m  the 

Samovar Hills is "fairly maturen on the basis of the C7 
normal, iso-, and cyclo-alkane distribution (Flatker, 
written commun., 1989). The bigh API gravity (37.454 
and the low sulfur content (S < 1.0%) of the Hubbs 
Creek sample (80APr127) are also characteristic of light 
paraffinic crude oils (Hedberg, 1968; and Hunt, 1979). 
Tissot and Welte (1984) observed that thermal evolution 
tends to shift the petroleum composition toward the 
lower left corner (the paraffin pole) of their te- 
diagram (fig. 95). That is, paraffinicmphthenic 

Fire 95. Ternary diagram showing approximate compositions of Gulf of ~ l a s k a  oil seeps (Lyle and Palmer, 
1976; Plafker, 1987; sample 85-KY-021-WKW courtesy of ARC0 Alaska, Inc.) plotted on T i t  and Welte's 
diagram of principal classes of crude oils. Point "an is a sample of unaltered crude oil fiom the Katalla No. 36 
well provided by Phillips Petroleum. See table 9 for the types of analyses done. Because most of these analyses 
did not include a breakdown of pa ra f f i  versw naphthenes, they are plotted as lines (b through f) rather than 
points. The diagram was adapted fiom Tissot and Welte (1984). 

AROMATIC HYDROCARBONS 

+NSO COMPOUNDS 

CRUDE OIL SAMPLES A 
a. Katalla Well No 36 A HEAW DEGRADED OILS 

sec 36. T 19 S . R 5 E. 
API 35' or 3C estimated Aromatic-asphaltic. 

mostly high sulfur 
b. Wingham Island 

(south end) Aromatic-naphthenic, 

c Samovar Hills mostly low sulfur 

Hubbs Creek 
API 37 45' 
Sulfur Content 0.07% 

d Samovar Hills 
Oily Lake 

e Samovar H~lls 

f Sullivan Anticl~ne 
Johnston Creek 
API 21 1' 

NAPHTHENIC 

CYCLO-ALKANES 

(NAPHTHENES) 

I Non-degraded low sulfur oils (S<l%) I 
Geochemistry, 195 



oils mature to paraffinic oils by a process of thermal 
evolution. 

The three seep samples that appear near the top of the 
ternary diagram (fig. 95) have a compositional range 
that suggests degenerative alteration rather than thermal 
evolution. Degenerative alteration generally results in 
heavy oils of aromatic-naphthenic or aromatic-asphaltic 
classes (Tissot and Welte, 1984). Sample d, the seep 
sample provided by ARC0 Alaska from the Oily Lake 
region (table 9), yielded 74.2 percent aromatics and 
NSO compounds, with no breakdown for paraffins and 
naphthenes (fig. 98). This is characteristic of 
biodegraded, oxidized hydrocarbons similar to the oil 
seep samples collected by Lyle and Palmer (1976). 

Sample e (fig. 95) was collected from the north skm of 
the west end of Oily Lake in the Samovar Hills, and 
sample f from Johnston Creek on the Sullivan Anticline, 
approximately 19 miles east of Yakataga reef (Lyle and 
Palmer, 1976). These oil seep samples were analyzed by 
Tenneco Oil Company and the German Geological 
Survey (fig. 99). The normalized percentages of 
aromatics and NSO compounds with no breakdown of 
paraffins and naphthenes in the samples are 79.8 and 
90.6 percent, respectively (fig. 95). Both laboratories 

concluded that the oil samples were thermally mature 
and biodegraded. They speculated that before 
biodegradation, both samples probably exhibited much 
higher API gravities and were &rived from mature 
source rock. When deasphalted, the two oil samples are 
similar to one another in composition. It was suggested 
that their higher asphaltine content was probably due to 
biodegadation (Lyle and Palmer, 1976). 

Oil seeping to the surface is usually altered by 
biodegradation and inorganic oxidation along the way. 
Biodegradation, the selective alteration of hydrocarbon 
compounds by microorganisms, occurs in both aerobic 
and anaerobic environments. This alteration roughly 
follows the sequence: n-alkanes (below Cu), 
isoprenoids, low-ring cycloalkanes, aad aromatics. In 
addition, tetracyclic st- are apparently 
preferentially attacked over pentacyclic tritem. 
Biodegradation often occurs when oil migrates into 
strata that have been invaded by meteoric waters and is 
nearly always accompanied by water washing, which 
tends to remove the more soluble light hydrocarbons, 
particularly the saturated alkanes and naphthenes and 
especially low-boiling+oint aromatics such as benzene, 
toluene, and xylene (Tissd and Welte, 1984, Lafargue 
and Barker, 1988). 

Figure 96. Crude oil analysis by GeoChem Laboratories, Inc., of sample provided by Phillips Petroleum from 
Katalla No. 36 well. 

Well No. 36 (Miller, 1975, and Blasko. 
1976) 
(Chilkrt Oil Company No. 18 well) 
r c .  36, T. 19 S., R. 5 E. (Copper River 

GROSS COMPOSIITON 

Lrw -~C IJ+  37.0% 

CIS+ 63.0% 
CIS+ C O M P O S ~ N  

19 Panfin-Naphthem H y d r o c h  (P-N) 57.0% 
Aromatic Hydrocarbons (AROM) 19.27% 
Asphahene (ASPH) 13.0% 
Eluted NSO Compounds WSO) 4.8% 
Noneluted NSO Compounds @SO) 6.0% 

RATIOS 

ASPH - 
--1.2 
NSO 

C P h - n  = 1.13 

L I 
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The cumulative result of biodegradation, water washing, 
and oxidation is that the bulk composition of the oil 
shifts toward the aromatic hydrocarbons plus NSO 
compounds pole of the ternary diagram (fig. 95). 
According to Tissot and Welte (1984), paraffinic and 
paraffinic-naphthenic oils are usually degraded into 
aromatic-naphthenic oils with "moderatem sulfur content 
(less than 1 .O percent), while aromatic-intermediate oils 
tend to degrade into aromatic-asphaltic oils with a 
"high" sulfur content (more ban 1.0 percent). 

The six crude oil analyses plotted on figure 95 appear to 
fall into three groups with distinct chemical 
characteristics. The first is an unaltered light 
paraffmic-naphthenic crude oil (pnint n, the Phillip 
~etroleum company sample from the Katalla ~ 0 . ~ 3 6  
well). The second is an unaltered light paraffinic crude 
oil (bars b and c, the USGS oil seep sample. from 
Wingham Island and the Samovar Hills) that may have 
been derived from the thermal evolution of a 
paraffmic-naphtbenic oil or from organic materials 

richer in waxy terrestrial kerogen than the organic 
material that produced the paraffinicmaphWc cnde 
oil. Crude oils of the first two types are frequently 
generated in deltaic or cuastal sediments of the 
continental margins, or in ncmmarine source beds nissot 
and Welte, 1984). The third group is composed of 
altered, aromatic intermediate a aromatic@ltic 
crude oil from seeps on tbe Sullivan Anticline. (barj) 
and from the Samovar Hills (bars d and e). This group 
of oil samples is probably a biodegraded, oxidized 
product of one of the first two groups, although it is 
possible that the aromatic intermediate oil was derived 
from a mafine source rock. 

Source Rock Geochenistry 

Published and unpublished analyses of pdential source 
rocks from onshore have produced relatively 
homogeneous results. Recycling of older kerogen and 
the apparent lack of preservation of fiesh, unaltered 
organic material can produce a geochemistry tbat is very 
homogeneous. With few excephocw, there is hale 

Figure 97. Crude oil analysis by Global Geochemistry, Inc., and the U.S. Geological Survey, Lakewood, 
Colorado, of oil seep samples (Plafker, 1987). 

USGS Sample No. 81ARSlC 
(PkRer, 1987) 

I , I 

Geochemistry, I97 

USGS Sample No. 80AR127 
(Plaflrcr, 1987) 

Wmgham Island 
(South end) - 

Hubbr Creek 
Samovar Hills Aru 

C#+ C o M P O s m N  
Saturates 67 % 
Anunrticr 23% 
Resins and Asphakner 10% 

API G R A W  37.4" 
CIS+ C O M P O S m N  

Saturata 83.3 % 
~mmat;c's 15.1% 
Resins and Asphahms 1.7% 



GROSS COMPOSmN 

Less than CIS+ 34.9% 
CIS+ 65.1% 

C15+ CObfPOSmN 
PuaftbNaphthcne H y d r o c b  (P-N) 25.8% 
Aromatic Hydrocarbow (AROM) 46.7% 
Asphaltcner (ASPH) 12.1% 
Eluted NSO Compounds @SO) 8.2% 
Noneluted NSO Compounds @SO) 7.2% 

RATIOS 

GeoChem Sample No. 3 2 2 8 0  
(ARC0 Sample No. 85-KY-I-WKW) 

Figure 98. Crude oil analysis by GeoChem Laboratories, Inc., of oil seep sample,provided by ARCO Alaska, Inc. 

Oily Lake Seep 
Samovar Hills Area 

Figure 99. Crude oil analysis by Temeco Oil Company and the German Geological Survey oroil seep samples 
(Lyle and Palmer, 1976). 

detectable change in the levels of thermal alteration in 
the kerogens from rocks yaunger than the middle 
Eocene. For the most part, the amounts of pyrolytic 
hydrocarbons are consistently low (appendii G). 

Table 10 contains a summary of pyrolysis and 
microscopy data from surface samples of organic 
material from the Katalla area and Kayak Island (Mull 
and Nelson, 1986). The table also includes four heavy 

Oil seep near General Petmhm Co. 
Sullivan No. 1 well 

hydrocarbon extract analyses obtained by the USGS 
from Kayak Island (Plafier, 1987). Tbe Kayak Island 
samples are discussed later in this report in the context 
of the extract analyses from the OCS Y-0211 No. 1 well. 

Johnston Creek 
Sullivan Anticline 

Oil scep at west end of Oily M e ,  
sec.2,T.21S.,R.27E. 
(Copper River Meridian) 

The analyses of organic material in table 10 represent 
most of the Tertiary formations exposed whore. The 
predominantly herbaceous, woody kerogen in the 
samples is gas prone (Mull and Nelson, 1986). Seven 

API GRAVITY 21.1° 
CIS+ COMPOSmN 

Saturatw 9.4% 
Aromatics 13.1% 
Resins and Asphaltern 77.5% 

Samow 
Hills Area 
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Cis+ C O M P O S ~ N  

Saturates 20.2% 
Aromatic8 34.7% 
Resins and Asphaltems 45.1% 
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Katalla Oil Field 
Yakatage Terrane 

TOC Bitumn Total Exe#trblm &*ramm b 
Smplo No. (wt. %) Ippm) Hydrowhono (m) Norrmlizod (%I (%I Commonb 

72APr 1 l 7 A 2  6.21 3 8  
72APr 1 17A3 4.50 2,426 760  3 7  0.4 - of ic  72APr117B 6.70 2,113 873 3 4  0.4 

island 
b 

72APr 1 19 1.78 463 218 5 1 0.4 
' ~ u l l  and Nolaon, 1988. 
'Plafker, 1987; also psreond oommunication, 1988. 



samples collected from the Poul Creek, the Kulthieth, 
and the Tokun Formations had total organic carbon 
contents (TOC) greater than 1.0 percent. Thermal 
evolution analysis-flame ionization dektor (TEA-PID) 
pyrolysis2 yielded ratios of pyrolytic hydrocdnms to 
TOC that are characteristic of type Ill (gas prone) 
kerogen at their respective levels of thermal maturity. 

In the Katalla-Kayak Island study, Mull and Nelson 
(1986) considered the zone of oil generation to extend 
from about 480 OC to over 680 OC for TEA-FTD 
pyrolytic hydrocarbons. In contrast, T,, values from 
Rock-Eva1 pyrolysis are generally considered to reflect 
catagenetic alteration for type Ill kerogen between about 
435 OC and 470 OC (Tissot and Welte, 1984; Peters, 
1986). 

Sample 80AMu 60 (table 10) fiwm the Miocene part of 
the Poul Creek Formation is anomalow because of its 
high organic carbon content of 4.83 percent and high 
PID pyrolysis response. This sample may come from an 
organically rich facies of the Poul Creek Formation. But 
FID pyrolysis suggests that it simply contains migrated 
hydrocarbons. Mull and Nelson (1986) did not include 
the & value, but the temperature of peak 11 in pyrolysis 
(430 OC) indicates thermal immaturity. Although the 
sample is composed of both herbam and amorphous 
(structureless) organic materiel, the pyrolytic 
hydrocarbon to TOC ratio is relatively low (193 mgfg), 
suggesting, at this level of thermal maturity, a type IU 
kerogen. Clementz (1979) has observed that large 
quantities of bitumen or migrated petroleum m rocks can 
affect the size and the maximum temperature of the S2 
peak (pyrolytic hydrocarbons) and can cause wnsource 
rocks to be misidentified as source rocb. This response 
occurs most frequently m the 350- to 450-OC range. The 
temperature of maximum pyrolysis yield for fhis sample 
is 430 OC. The high S1 (volatile hydrocarbon) response 
suggests that this sample contains migrated 
hydrocarbons which m y  have affected the S2 response. 
Because the sample was obtained from an area just east 
of Katalla and south of Bering Lake where oil seep are 
common, tho presence of migated hydrocarbons in the 
sample is probable. If sample 80AMu 60 is considered 
to be potential source rock beause of its high organic 

carbon content, it is nevertheless immature and could 
not have generated the petroleum present in the area. 

The thermal maturity of the samples from the Katalla 
area probably reflects the tectonics of the region as 
much as the relative agea of the sediments that were 
sampled. Mean random vitrinite reflectance values @J 
increase to the north and east of the Katalla region in 
areas where tectonic deformation is more pnwKnmced 
(fig. 100). The highest R,, value (2.5 percent, sample 
80AMu 91) comes from Carbon Mountain in the Bering 
River Coal Field, about 30 miles northeast of Katalla. 
Sample 80AMH 194 & 1.8 percent) was collected near 
the southwest end of the Bering River Cad Field. 

This field contains coal ranging in rank from 
low-volatile bituminous in the southwestern part, to 
anthracite in the east (Barnes, 1967). The coal beds are 
tightly folded, locally overturned, and cut by many 
faults, including several thrust faults with large 
displacements. The coal beds are believed to be of 
middle(?) and late Eocene and OligocemQ) age (Fhiw, 
1967). An analysis of anthracite coal cited by Baroes 
contained 5.0 to 13.3 percent volatile matter and 66.0 to 
82.5 percent fixed carbon. Volatile matter is considered 
by coal petrologists to be a better indicator of d rank 
than fixed carbon because it changes much more mpidly 
with rank. The volatile matter in this coal sample 
corresponds to an R,, range of 2 to 3 percent (Stach and 
others, 1982), which agrees with the 2.5 percent R,, 
value reported by Mull and Nelson (1986). Pressure is 
not considered to be as important a factor as temperahm 
in the maturation of coal, but the degree of tectonic 
activity indicates that the rocks in the Bering River Coal 
Field may have been much more deeply buried and thus 
subjected to higher temperahnes rhan equivalent 
less-deformed rocks. Regions of especially strong 
coalification are generally believed to have received 
additional heat from large intrusive igneous bodies at 
depth (Stach and others, 1982). A large aeromaguetic 
anomaly on the east margin of the Beriog River Coal 
Field suggests the possibility that such an intrusive may 
be present (G. Plafker, oral commm., November, 1989). 

2 TEA-PID pyrolysis is not the same procedure as Rock Eva1 pyrolysis. MMS experience in other areas suggests that 
there can be reasonably good agreement between the ratios of pyrollytic hydrocarbons (S2) to TOC fbr TEA-FID 
pyrolysis and the hydrogen index ( W O C )  from Rock Eva1 pyrolysis up to values of about 200 or 300 milligrams 
hydrocarbons per gram TOC. However, this generalization must be applied cautiously m anxu where no basis for 
comparison exists. 
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Medium Volatile Bituminous Coal Formation Sampled. - (l.lS&S1.5%) Sample number and 

Low Volatile Bituminous Coal %value listed in table 10. 

(1 .S 5 6  1.9%) (Mull and Nelson. 1986). 

Semi-Anthracite Coal (1 .S& i2 .5%)  
Anthracite Coal (422.6%) 

Figure 100. Generalized outcrop extent of the StillwaterMulthieth (formerly Kushtaka)/'I'dnm Formations of tbe 
Bering River Coal Field showing the increase in coal rank to the east-norhmt (adapted h m  Merrit, 1986). 

Aftei World War 11, petrol~~m exploratory w e b  were 
drilled to greater depths in prospective areas onshore 
outside of the Katalla Oil Field (plate 8). Some of the 
well samples collected were stored and later aaalyzed 
for total organic carbon content 0, mean random 
vitrinite reflactance 0, and by pyrolysis. Oxidation 
and loss of volatile8 during storage may have affected 
these analyses. The results of the analyses for several of 
the onshore wells are listed in nppendix G. 

Flame ionization detector (MD) pyrolysis data for 
10 onshore wells was provided by the State of Alaska 
(Alaska Geologic Materials Center Data Report 14, 
1979). The FID pyrolysis was performed by Mobil 
Exploration and Producing, U.S., Inc. Rock-Eva1 
pyrolysis was also performed for the MMS by Brown 
and Ruth Laboratories, Inc. (Jacobson Consulting, Inc., 

1988) on selected cuttings from the Malaspiaa No. IA 
well held by the State of Alaska. Unforhmately, none of 
the 15 samples contained more (Iban 0.50 weight percent 
organic carbon and, as a result, produced only three 
pyrograms of questionable value. 'Ibe & mjtonse 
(pyrolytic hydrocarbons) for the tbree pyrograms was 
too flat to be meaningful. The only significant 
conclusion to be drawn from these results is that the 
organic matter analyzed did not constitute a potential 
source of petroleum. 

Total organic carbon content rod the S1 and & v a b  
from FID pyrolysis of s d i n t s  h m  the onshore wells 
are generally low. The ratios of Wrdytic hydr- 
(Sz) to TOC are also low, suggesting that the organic 
matter is largely type JII kerogen Wsot and Welte, 
1984) or that it is t h d y  very mature, an 



interpretation not supported by the petrographic studies. 
Mature kerogen would exhibit % values in excess of 
0.6 percent @ow and O'Connor, 1982). 

Mean random vitrinite reflec- (%) was measured by 
Bujak Daviea ~ r o u ~ ~  (Report No. 884033, 1988) for 
the MMS on polished slides of organic matter from 
these wells. The slides were provided by the Geologic 
Materials Center. R,, measurements, generally less than 
0.6 percent in Tertiary sediments from the onshore 
wells, indicate that the kerogen sampled was largely 
immature (appendix G). R,, values from the late 
Neogene glaciomarine Yakataga Formation in onshore 
wells are erratic, and Bujak Daviea Group reports 
indicate that the kerogen has been extensively reworked. 

In all onshore wells, the Poul Creek and the Kulthieth 
Formations exhibit nearly identical levels of thermal 
maturity. In fact, in some wells the Kulthieth Formation 
is slightly less mature on average than the overlying 
Poul Creek Formation. In most basins, & values 
normally increase with depth in reapoose to tbe increase 
in crustal temperature with depth of burial. However, 
we see no change with depth, or p i l y  a reverse trend 
with onshore wells. These results suggest that the 
organic material analyzed &om the onshore wells was 
originally derived from an exhumed source terrane 
onshore and redeposited with tbe sediments of the 
Kulthieth and the Poul Cieelr Formations. 
Autochthonous kerogen does not appear to have been 
preserved. Recycled or allochthcmous kemgen contained 
in the Kulthieth Formation is less mature and may, 
therefore, be younger than the recycled or allochtbonoua 
kerogen contained in the overlying Poul Creek 
Formation. A progressive unroofing of deeper, more 
thermally altered sediments m the source terranc could 
then produce a retrograde % profile in the basin which 
received the products of this erosion. 

The % profiles for these onshore wells @late 8) 
resemble the thermal alteration index profiles 
from an earlier study performed by Palmer (1976). The 
TAI values (Staplin, 1969) wcre determined for six 
onshore Gulf of Alaska wells: the Socal Rio Bay No. 1, 
the Richfield Duktoth River No. 1, the Tenneco 
Middleton Island No. 1, the Wps-Kerr McGee 

Sullivan No. 1, the British Petroleum White River 
No. 1, and the Colorado Oil and Gas Yakutat No. 1 
wells. These wells were drilled to depths of 10,000 to 
14,000 feet and all bottomed in Kulthieth se&ments 

except the Socal Rio Bay No. 1 well, which did not pass 
through the Yakataga Formation, and the Middleton 
Island No. 1 well, drilled in the Prince William t e m  
(fig. 3). TAI values ranged between 2 and 3, generally 
around 2.5, from the surface to total depth. They 
exhibited no apparent systematic increase with depth. 
This study assigned values of 2.5 to 3.5 to the zone of 
oil generation, which is approximately equivalent to an 
% range of 0.5 to 1.5 percent (Hood and others, 1975). 
Palmer (1976) assigned most TAI values in these 
onshore wells to the zone of catageamis. The uniformity 
or lack of increase m the R,, and TAI values with depth 
suggests that the kerogen was probably recycled. The 
Colorado Oil and Gas Company Yakutat No. 1 and the 
Phillips-Kerr McGee Sullivan No. 2 wells provide 
additional supporting evidence for this hypotbesi. In the 
onshore Yakutat No. 1 well, Inoceramus prisms were 
reported in the Eocene Kulthieth Formation (Rau and 
others, 1983) implying the possibiity that Cre&cems- 
Jurassic sediments have been recycled. 

In the Sullivan No. 2 well (appendix G-2), the stsaEa are 
overturned (Larson and others, 1985a). Tbe lowest 
observed R,, value (0.49 percent) occurs in one of the 
shallower sample intervals (4,240 to 4,300 !kt, late 
Eocene Kulthieth Formation), and the highest R,, value 
(0.62 percent) was obtained from the deepest sample 
interval (1 1,600 to 11,680 feet, Miocene Poul Creek 
Formation). R,, values are erratic in this well, but it is 
noteworthy that the maximum and minimum va lw  
exhibit a normal increase with depth in ov& strata 
and that the highest % value occurs in the youngest 
sediments. 

Cretaccow to& of the Yakutat Group were sampled in 
the Malaspina No. 1A well rod Dangerous River No. 1 
well. Two Cretaceous samples from the Malaspina No. 
1A well yielded R,, values of 0.73 and 0.80 percent 
(appendii 6-3). Cretaceous rocks In h e  Dmgeroua 
River No. 1 well contained a vitrinite population that 
ranged in R,, from 0.95 to 1.49 percent. ' b e  R,, profile 
derived from this data increase.9 with depth in a wrmal 

3 In the ARC0 OCS Y4211 No. 1 well, an offshore well, Bujak Davies Ro data tended to be slightly higher than 
GeoChem Laboratories & data for the same well (average Bujak Ihvies & = average GeoChem Labomtoria & 
+ 0.14%). It is likely that Bujak Davies data represent maximum m b l e  levels of thermal maturity for kerogen 
from this region. 
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manner (fig. 101). The kerogen from the Cretacam 
sediments of the two onshore wells appears to have 
experienced catagenesis, and most R,, values fall within 
the generally accepted "oil window" for type HI kerogen 
(0.6% l R,, 4 1.35%). 

Although surface exposures of Mesozoic rocks are 
frequently metamorphosed in this region, fhe indigenous 
kerogen in Cretaceous rucks in these two wells has 
apparently not been thermally -. 
Metamorphism would result in & values of at least 
4.0 percent mssot and Welte, 1984). Tbe highest 
individual vitrinite reflectance obse~ations recorded 
from these Cretaceous sample8 were 2.24 percent from 
the Yakutat Group in the Malaspina No. 1A well and 
1.99 percent from the Yakutat Group in the Ihgerous 
River No. 1 well. Bujak Davim Group reported that 
these measurements were made on vitrinite group 
fragments that were members of reworked populations 
(Bujak Davies Group Report No. 884033, 1988). 

FJID pyrolysis of samples h m  the Malaspii No. 1A 
and the Dangerous River No. 1 wells (appendix 6-3 and 
G-6) yielded extremely low pyrolytic hydrocarbw 
contents (% response). The organic matter obtained 
from these wells is classified as type IV kerogen or 
inertinite. 

The geochemistry from anshore wells and autface 
samples did not reveal fresh indigenous kemgen in the 
Yakataga, Poul Creek, and Kulthieth Formatiom. Most 
kerogen contains less than 1.0 petcent organic wbon 
and much of it less than 0.5 percent. All of the organic 
matter with the possible ex&* of two m&x 
samples from the Katalla area is f h e d y  immature. 
Kerogen from the Yakutat Group exhibits a normal 
increase in maturity in the Dangerous River No. 1 well 
which, along with two samples from the Malaspina 
No. 1A well, falla within the oil window. Pyrolytic 
response from these sediments, however, was 
unimpressive. 

I Mean random vitrinite reflectance (Ro) 
(percent) 

EXPLANATION 

(n) Indicates number of 
readings per 5 value 

Zone of catagenesis 
(0.6 to  1.35 percent) 

Cuttings samples analyzed 
by Bujak Davies Group. 

Frgure 101. Mean random 
vitrinite reflectance, 
Colorado Oil and Gas 
Company Dangerous River 
No. 1 well. 



Offshore Geochemistry 
Organic geochemistry from late Eoceae through iecent 
sediments in offshore wells resembles the d t s  from 
the onshore sediments of similar age. Amxatrout 
(1983a) observed a dominance of terrestrial of@c 
matter in Holocene and Neogene sediments despite the 
fact that the Gulf of Alaska has high m a r k  
productivity. He attributed this to the removal of marine 
organic carbon within the water column and at the 
sediment-water interface due to an oxidizing 
environment, which permitted the preservation of the 
terrestrial debris. Armen- (198%) went on to 
postulate that, during a transgmsive internal, an 
upwelling seawater circulation system moved 
shoreward, producing deposition of organically rich 
sediment, where an oxygen-minimum intersected 
the continental slope and shelf (De- M m ,  
1980). Armentrout (1983a) supported his hypothe& 
with two TOC analyses yielding values of 2.39 and 
1.64 percent from an outcrop of the Miocene part of the 
Pod Creek Formation at M d y  Creek. Other 
geologists (Tumer, oral commun., 1992) mmlate this 
exposure with TOC values of 1.97 percent in the 
Miocene section of the Poul Creek Formation m the 
OCS Y-oOso No. 1 well (fig. 66 and plate 8) and 
0.86 to 1.40 percent in the Miocene section of the 
OCS Y-0211 No. 1 well. Turner (oral wmmun., 1992) 
believes that in most offshore wells, this fibcies is abeent 
due to an unconformity. 

Because total organic carbon 0 alone cannot 
identi@ kerogen type or true genetic potential, additbd 
geochemistry is required. Unbtmately, only the OCS 
Y4211 No. 1 well produced meaningful geochemistry 
that identifies the kerogen type and its genetic potential. 
These results are consistent with the onshore W i n g s ,  

that is, an inertinite with some potential hr gas but little 
or no potential for oil generation. Additionally, only 
sediments that are of middle EacMe a@ a older appear 
to have reached adequate thermal maturity to generate 
significant amounts of hydrocatboas. 

ARCO OCS Y-0211 NO. 1 well 

The ARCO OCS Y-0211 No. 1 well provides the most 

thorough modem geochemistry currently available from 
the Gulf of Alaska @late 8). Cuttings samples 
representing 60- to 360-foot intervals and sidewall core 
samples were analyzed by GeoChem Leboratories, Inc., 
for light hydrocarbars, CIS+ hydrocarbon extracts, and 
by Rock-Eval pyrolysis. Studies using both transmitted 
and reflected light microscopy were also dam. 

Additionally, vitrinite reflectance analyses were carried 
out for 12 cuttings samples for tbe MMS by the Bujak 
Davies Group. AU data are currently available for 
examination at the Anchorage office of the MMS. 

All depths discussed in this chapter refer to deptbs 
below the Kelly Bushing (KB), 86 feet above mean sea 
level for the OCS Y42l l  well. 'lbe sea floor at this 
location was 450 feet below mean see level. 

Although total organic carbon -tent 0 values 
range between 1.0 and 2.0 percent over significant 
intervals in the OCS Y-0211 well (fig. 102), the genetic 
potential determined by Rock Eval pyrolysis (Sl +S2) is 
generally unimpressive. T i  and Welte (1984) 
consider genetic potentials (S1 + S3 of less than 2,000 
ppm to have some potential for gas but no potential fix 
oil. Most of the samples from this well fall below 1,000 
ppm (fig. 102). Though the genetic poteatials of samples 
2278 and 229s are in excess of 2,000 ppm, their 
hydrogen indices 0 are only 169 and 154 millimams 
hydrocarbons per gram organic carbon, respectively. 
Samples 187S, 188S, and 1895 were derived from 
sidewall cores that sampled sandstwe lithologies and 
almost certainly contain migrated hydrocar;bons. Solid 
bihunen and the 'heavy end" fractkm of petroleum are 
known to produce a measurable respawe ( W  in the 
350. to 4 S ° C  range (Clement., 1979). T,, valm for 
these three samples were 436,432, and 431 OC, 

respectively. Of the samples with genetic potentials in 
exceas of 2,000 ppm, only sample 172 genuinely 
appears to exhibit a moderate potential fix petroleum 
generation. 

Several samples, indicated by sample numbers on the 
modified Van Krevelen diagrams (fig. lm), produced 
hydrogen indices that set them apart from the rest of the 
data. The Yakataga Formation is a glaciomariae unit 
that is thermally immature and an ~mlikely source of 
petroleum. The two samples 6.om the Yahtaga 
Formation with higher HI values (270 and 267 mg/g) 
contained less than 0.5 percent total organic carbon. 

Cuttings samples were collected througbwt the Poul 
Creek Formation at @foot intervals. Cdtbga sample 
071, a glauconitic shale from tbe Poul Creek Formation, 
(6,980 to 7,040 feet) had a TOC of 0.29 percent. % 
was not measured for this sample, but adjacent samples 
exhibited an % level of about 0.47 percent. 

Cuttings sample 16 1, &rived from the interval h m  
11,720 to 11,780 feet in the Kultbieth Fonuntion, was 
composed of 60 percent sandstone and 40 percent shale. 
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198 1). The shale contained 60 percent amoqhous 
material, 20 percent herbaceous kerogen, and 20 percent 
woody kerogen, which yielded a hydrogen index 
(S,/TOC) of 330 mg hydrocarbons per gram TOC. It 
exhibited a mean random v i a t e  reflectance (RJ of 
0.55 percent. At this R,, level, the low HI value of 
cuttings sample 172 indicates that it is not high in algal 
material, but rather a mixture of type IT and type III 
kerogens (fig. 103). Though relatively immature, sample 
172 is  the most favorable source rock candidate 
observed in this well. 

The maximum amount of heavy CIS+ hydrocarbons 
extracted from sediments in the OCS Y-0211 well was 
obtained from sample 184 at 13,100 to 13,460 feet 
(fig. 102). From 13,460 feet to total depth (17,810 feet), 
pyrolysis response and Cis+ extracts decline sharply, 
despite the fact that in this same interval the level of 
thermal alteration of the organic material r e a c h  
optimum levels for hydrocarbon generation f& 
approximately equal to 1.0 pemt ) .  Apparently, the 
organic matter required to gemrate hydracarbons was 
not preserved below about 14,000 feet. 

Several parameters used to evaluate thermal maturity are 
plotted on figure 104 for the OCS Ym11 well. Tbese 
include profiles of mean random v i e t e  reflectance 
0, T,, from Rock Eva1 pyrolysis, and heavy 
hydrocarbon Cis+ extract data. These data exhibit 
evidence of recycled kerogen and caving of cuttings 
which complicate the process of interpretation. The 
time-temperature indices from a Lopatin model 
(fig. 105) are also included so that they may be 
compared with the empirical data. The TI2 values 
represent a theoretical rate of thermal alteration that is 
based on the current temperature gradient derived from 
corrected bottom hole temperaturea (BHT) recorded 
during the drilling of the OCS Ym11 well (chapter 9). 

An examination of the profile8 in figure 104 suggests 
tbat for both % and T,, values, there are at least two 
populations of data. The R,, and T,, values are both 
nearly constant to a depth of about 11,000 feet. From 
about 11,000 feet to the total depth of 17,810 feet, the 
% and T,, values increase in a normal manner, and 

the percentage of paraffins and naphthenes (saturated 
hydrocarbons) in the CU+ extracts also begins to 
increase (see fig. 104 for f-tion and age). 

Measures of thermal alteration that are too high for 
shallow sediments and do not increase over a lithologic 
interval of almost 10,000 feet are problematic. An initial 
hypothesis was that a mud additive had contaminated the 
samples and produced the ~wmalou9 results. Several 
mud additives were examined petrographically to 
determine if they could have caused the problem. These 
studies, discussed in appendix H, did not confinn the 
hypothesis. The most common mud additives used in the 
top 10,000 feet of the OCS Y-0211 No. 1 well were 
&likely to have been identified as vitrinite group 
macerals, and those that might have caused confusion 
either were not used or yielded R,, values that were too 
low. 

Middle to late Eocene samples from 11,000 to 
17,800 feet reflected the best indicators of a thermal 
alteration trend in the OCS Y-0211 well. 'Zhat is, the R,, 
and T,, values increased systematically with depth in 
the normal manner. This trend is evident in R,, profiles 
constructed from both Bujak Davies data and GeoCbem 
Laboratories, Inc., data (fig. 104). A profile with higher 
& values was derived from five cuttings samples 
analyzed by the Bujak Davies Group. Seven sidewall 
core samples analyzed by GeoChem Laboratories, Inc., 
produced a second profile that is consistently displaced 
toward lower values. 4 

Most GeoChem Laboratories % values from below 
13,000 feet are mean values obtained from less than 
15 measurements of reflectance. Ideally, mean random 
vitrinite reflectance should be computed from about 
50 measurements of reflectance @ow and O'Connor, 
1982). In actual practice, 20 or 30 measurements are 
frequently the largest population available f ix  an 
average, and 20 or 30 measurements usually produce 
good histograms (with low standard deviations and high 
kurtosis). However, the R,, values based on fewer than 
15 reflectance measurements did not produce a linear 
profile at depths greater than 13,000 feet in the OCS 

4 The offset between the two Ro data sets (Bujak Davies and GeoChem Laboratories, Inc.) is nearly the same 
throughout the well, about 0.14 percent. This offset in the data from the two laboratories may represent a 
systematic error such as a difference in the calibration of instrumentation, a consistent difference in the 
identification of the vitrinite populations, or the h t  that GeoChem Laboratories, Inc., analyzed fresher samples 
(oxidation causes higher reflectanas). 
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Y-0211 well. Insufficient vitrinite was available in the 
samples to yield reliable R., averages. 

The most satisfactory available petrography and 
geochemistry from this well occurs between about 
10,000 to 15,000 feet. Both the vitrinite content and the 
pyrolysis response to organic material fhll off below 
these depths (fig. 102). Because there was insufficient 
bituminous extract for gas chromatography below 
15,000 feet, percentages of p a r a b  plus naphthenes are 
unavailable. 

Several parameters are used to evaluate the level of 
thermal maturity at which hydrocarbom are likely to be 
generated. The parameters include mean v i th t e  
reflectance 0, the T,, value from pyrolysis, the 
increase in saturate content of hydro&, and a 
Lopatin model based on the temperature gradient 
obtained from the well. The profiles constructed from 
these parameters show good agreement regarding the . 
threshold for oil generation. In the case of the OCS 
Y-0211 well, sediments which p r h  an % of 0.6 
percent ideally yield a T,, value of 435 OC, a time- 
temperature index 0 of 10, and a marked increase in 
the saturate content of extracted hydrocarbons. Tbese 
values almost never occur s i m u l m l y  at exactly the 
same depth. However, as is shown below, these values 
exhibit very good agreement in the OCS Y-0211 well. 

The R., data from GeoChem Laboratories, Inc., is used 
to identify the zone of catagenetic alteration in this 
report because most of the GeoChem Laboratories, Inc., 
analyses were performed immediately after the drilling 
was completed, because their analyses included sidewall 
core samples, and because their data seem to be more 
consistent with other measures of thermal dteration. R,, 
values approach 0.6 percent, the generally recognized 
threshold for commercial oil generation (Hunt, 1979), at 
about 12,500 feet in the OCS Y-0211 well. T,, values 
from Kock Eva1 pyrolysis, the character of heavy 
hydrocarbon extracts, and calculated time-temperature 
indices (lTI values) also agree favorably with this 
interpretation (fig. 104). The chromatogram from 
9,110 feet exhiiits a low ( < 1.0 96) paraffin- 
naphthenelaromatic hydrocarbon ratio; a bimodal 
distribution of alkanes with an ahdance of heavy, 
long-chain alkanes; plus the presence of s t e m  and 
pentacyclic terpane-related compomds (G - CJ1 spikes 
on the naphthene envelope). All of thest are 
characteristic of immature hydrocarbons (Bayliss and 
Smith, 1980). The chromatogram from 13,100 feet does 
not exhibit a bimodal distribution of alkanea nor the 
presence of steranes and terpane-s, but the longchain 

alkanes are still present. The chromatogram from 
16,340 feet exhibits the characteristics of a hydrocarbon 
approaching peak maturity. When a source rock has 
reached sufficient maturity to generate significant 
amounts of oil, the alkane distribution normally peaks 
between C13 and C18 and shows a steady decrease in the 
concentration of alkanes with longer chain lengths 
(Hunt, 1979). 

The floor of the oil window is not clearly deiined 
because of the low content of both kerogen and bitumen 
in the sediments below about 15,000 feet. R,, data are 
projected to 1.35 percent, the point at which liquid 
peiroleum is converted to gaseous hydrocarbon at a 
significant rate. The GeoChem Laboratories R, values 
projected to 1.35 percent at about 17,300 feet in the 
OCS Y-0211 well (fig. 104). This projection parallels 
the somewhat higher Bujak Davies R,, values reasonably 
well. At 17,390 feet, 50 Bujak Davies reflectances 
yielded a good histogram which ptolced an % value of 
1.83 percent. Four reflectances were thought to 
represent reworked organic material. 

A Lopatin model (fig. 105) was constructed fiom 
lithologic thicknesses, paleontological ages, and the 
temperature gradient derived from mrrected bottom hole 
temperatures (Lopatin, 197 1). The model was created to 
test the consistency of these parameters with empirid 
measures of thermal alteration in tbe OCS Y4211 well. 
Waples (1980 and 1984a) calibrated Lopatin's time 
temperature index values 0 with R,, values obtained 
from a worldwide sampling of sediments. In Waples' 
correlation, a TII of 10 cormponds to an R., of about 
0.6 percent, a "Ill value of 180 corresponds to an R,, 
value of about 1.35 percent, and a l'TI of 900 
corresponds to an R,, of 2.0 percent. The high values 
(R,, = 2.0 percent and 'IT1 = 900) represent the 
extreme limits of catagenesis. Beyond tbese limits, only 
methane or graphite would be expected to survive as the 
rocks approach metamoqhc grade. 

In the Yakutat OCS Y-0211 well, the time-temperature 
index pll) reaches 10 at about 12,500 feet and 180 at 
16,600 feet. At 17,300 feet, the floor for the oil window 
based upon projected R,, values, the computed TTI is 
297. The inconsistency at the floor of the oil window 
between the computed 'IT value (297) and the expected 
value (180) at a projected R,, value of 1.35 percent is 
insignificant for several reasons. There is uncertainly 
about fundamental information fed into the model, the 
most important being the distribution of temperature in 
the earth's crust over time. Additionally, the -tin 
model is less tenable at higher tempera- (Barker, 
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F'igure 105. Loprtin d l ,  OCS Y-0211 No. 1 well. 
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Figure 106. Effect of increasing thermal alteration (maturation) on the dis t r i ion  of saturated and aromatic 
hydrocarbon composition from extracts Grom the ARC0 OCS Y-0211 No. 1 well. Cis+ hydrocarbons have been 
deasphaltened. The term "unaltered" indicates that the smplea have not been significantly affected by 
microorganisms, water washing, or oxidation. CPI signifies the carbon preference index. See plate 8 for sample 
locations. This diagram is adapted Grom Connan and others (1975). 

SATURATES (%) 

5 written commun., 1991). Finally, the observed The Lopatin model (fig. 105) predicts drat at the OCS 
measures of thermal alteraticm &, T,, and so forth) Y-0211 well, oil first began to appear in rocks of middle 
are less reliable because detailed data are unavailable Eocene age about 25 million years ago (Oligocme) and 
below about 15,000 feet (fig. 104). that younger rocks have not been expo& to sufficiently 

high temperatures for an adequate length of time to 
generate petroleum. The model yields a TIP of 0.3 at 
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- 
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5 The Lopatin model is based on the assumption that the reaction rate doubles for each 10 OC temperahue idcrease 
from about 50 to 250 OC and that activation energies (E from the Amhenius equation) range Zrom about 10 to 30 
kilocalories per mole. This assumption produced an infinite linear increase in In TTI in colltmst to a finite limit for 
In k (the reaction rate coefficient from the Arrhenius equation) (Robert, 1988). It is possible that the kinetics of 
generation and destruction may have very different temperature dqemhciea (Waples, 1984a). Differat kerogens 
with dissimilar reaction energies probably mature at different rates (Barker, oral commun., 1991). Waples (1984a) 
has suggested that the application of the Lopatin model to oil and p presemation deadlines requires more 
sophisticated investigation. 
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7,760 feet, indicating virtually no t h d  alteration has 
occurred in the early Oligocene to late Eocene Poul 
Creek sediments. The two R,, profiles in figure 104 
project to 0.18 or 0.2 percent at the disconformity 
between the Yakataga and the Poul Creek Formations or 
perhaps in the Miocene Poul Creek s e d i i t s  just below 
the disconformity. These R,, values are characteristic of 
thermally unaltered organic materials that have 
experienced only diagenetic alteration (Dow, 1977). 

Figure 106 shows saturate contents versus the aromatic/ 
saturate ratios of extracted hydmcarbons from the OCS 
Y-0211 well cuttings in addition to several 
miscellanwus analyses. 'Ihe diagram is designed to 
evaluate the thermal maturity of unaltered oils and is 
based on the classical law of organic geochemistry that 
the most mature oils possess the largest quantity of 
saturates (Seifert and Moldowan, 1978). It was devised 
by observing changes in composition m a large number 
of crude oils and rock extracts of various origins and 
degrees of maturity (Bajor and others, 1%9; Connan 
and others, 1975). 

Extracts from the middle Eocene Kulthieth Formation 
rocks exhibit a systematic increase m saturate content 
with depth. Extracts from younger rocks do not. The 
increase in saturate content corresponds with an increase 
in vitrinite reflectance (R,,) and a decrease in the carbon 
preference index (CPI) to approximately 1.0. The 
increase in the saturate content of the extracted CIS+ 
hydrocarbons at 12,380 feet (fig. 104) probably 
represents the onset of cabgenetic alteration of the 
heavy hydrocarbons in the OCS Yo211 well. Mature, 
migrated hydrocarbons extracted from sandstone 
lithologies in the OCS Yo211 well and mature, 
unaltered oil seep samples and the oil sample from the 
Katalla No. 36 well also fall along this projcctcd trcnd. 

Extract data from samples dredged fbm the continental 
shelf brcak just south of thc OCS Y-11 well and from 
outcrop samples from Kayak Island (plate 8) produce a 
second trend on figure 106. Connan and others (1975) 
note that petroleum is subject to two kinds of alteration: 
thermal alteration, which expresses the trend of any 
chemical system toward its state of equilibrium, and 
bacterial alteration, which d t s  in the removal of 
certain classes of h y d r o c a r h  and the generation of 
pentane- and chloroform-insoluble components (see 
discussion of the altered oil seep samples depicted in 
figs. 98 and 99). Bacterial alteration tends to reduce the 
saturate content and increase the aromatic to saturate 
ratio. The trend of the data from theBheIf break dredge 

samples and the surface samples from Kayak Island is 
consistent with biodegradation. 

The relatively high saturate content of the &Ifbreak 
and Kayak Island samples suggests that they are at least 
as thermally mature as the extracts from the deepest 
cuttings samples (16,000 feet or more) in the OCS 
Y-0211 well. If the shelf break and Kayak Island 
samples are biodegraded, their original salurate content 
would have been even higher. 'lire Kayak Island samples 
from which Planter (1987) derived heavy hydrocarbon 
extracts (fig. 106) come from w h m t s  exhiiiting R,, 
values of 0.4 percent (bottom of table 10; Plafker, oral 
commun., 1987). These outcrop samples am not mature 
enough for a major portion of the kerogen to have been 
converted to liquid petroleum (F'lafker, 1987). 

Four of the dredge samples from which Plafker (1987) 
obtained heavy hydrocarbon extracts are thermally 
immature (0.3 SR,, 50.5 percent). The fifth dredge 
sample yielded two vitrinite populations, one mature and 
the other immature. The thermal alteration index (TAI) 
and T,, values (2.6 and 439 OC, respectively) are 
consistent with the higher % value (0.90 percent). 
However, the saturate content of the Cls+ extract 
suggests that the bitumen is far more mature tban 
bitumen from the OCS Y4211 well, where R,, for the 
kerogen was about 1.0 percent (fig. 106). 'Ibis implies 
that the bitumen from Kayak Island and shelf break 
samples has migrated into the sediments from which it 
was extracted. Large fault systems in the region, such as 

the Kayak Island fault zone, could have provided the 
avenue along which the hydrocarbns migrated. 

ARCO OCS Y-0007 and Gulf OCS Y-0059 wells 

The remaining offshore wells in the Gulf of Alaska 
provide significantly less usefid information than the 
OCS Y-0211 No. 1 well. Two wells which provide 
some insight into the thermal alteration and orpnic 
richness of the sediment from this region are tbe ARCO 
(Salome) OCS Y4MO7 No. 1 and the Gulf (Colleen) 
OCS YMM9 No. 1 wells (plate 8). 

All depths discussed for the OCS Y4007 well were 
measured from the kelly bushing (KB), 95 ket  above 
sea level. The water depth was 250 feet. Sediments to a 
depth of 11,580 feet belong to the Yakataga Formation. 
From 11,580 to 17,920 feet the section is equivalent to 
the Poul Creek Formatiron. 

Twenty-two selected cuttings samples held by the MMS 
were sent to GeoChem Laboratories, Inc., to be 



Mediumgray silty shale; 
prePliocene foraminifera; 

analyzed for TOC, CIS+ extracts (no chromatography), 
visual kerogen, and %. The samples represent the 
interval &om 2,980 to 17,880 feet and were taken at 
increments of from 20 to 180 feet. The analytxa were 
performed in 1979, two years after completion of the 
well. Results of the analyses are given in table 12. 
Because chromatography was not perf&, GeoChem 
Laboratories, Inc., estimated the concatration of Cis+ 
hydrocarbons by assuming that the hydrocarbons would 
have composed half of the nCs soluble bitumen. 

TOC and total extract analyses do not indicate that 
promising source rock is present in this well.. The high 
bitumen (total extract) contents are composed largely of 
asphaltenes (nonhydrcwubom). 

Average % values (table 12) represent the dominant 
mode from each sample, and N is the number of 
observations averaged to compute the &, value. 
Although there appear to have been sufficient vibinite 
group macerals present to provide reliable % values, the 
values do not exhibit a normal logarithmic incmse with 
depth but, instead, decrease h m  approximately 0.50 
percent at 7,800 feet to about 0.40 percent at 17,900 
feet (table 12 and fig. 108). 

In the OCS Y4007 well, the maximum umxrected 
bottom hole temperatwe reached 244 % at 17,810 feet 
below the KB. This implies a low temperature gradient 
compared with other Gulf of Alaska wells (fig. 91), but 
adequate to produce a distinct i n c w  in tbermal 
alteration of previously unaltered kerogen. The 
retrograde % profile present is charactezidc of recycled 
organic matter. 

The Gulf OCS Y4059 well was drilled in 623 feet of 
water. The KB was 85 feet above sea level. Tdal depth 
of the well was 12,170 feet below the KB and the well 
penetrated Yakataga Formation sediments to total depth. 
Detailed geochemistry, performed by GeoChem 
Laboratories, Inc. (Van Delinder, 1977), is summarized 
in table 13. The submnes referred to in M e  13 were 
identified largely on the basis of the light hydmxrbon 
content and the presence of cod debris in subzone A. 
GeoChem Laboratories, Inc., m l u d e d  that the 
sediments penetrated exhibit "a poor oil source character 
as a direct function of their organic leanness, kerogea 
type, and low geothermal history." 

Several indicators of thermal maturity (Van D e W r ,  
1977) from the OCS Y4059 well are plottad on 
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figure 107. Microscopy in transmitted light revealed an 
extensive population of highly altered, recycled organic 
matter, as would be expected in a glaciomarine 
sediment. Van Delinder (1977) suggested that the four 
deepest visual kerogen alteration values from his 
indigenous population were too high. He estimated that 
if these same sediments persist with greater depth at this 
location, a mature level of thermal alteration (stage 2+) 
would not be reached above 20,000 f feet. The trend 

produced by the visual kerogen alteration values 
contrasts with the trend of the R,, values. Average R,, 
values for the four subzones (table 13 and fig. 107) 
decrease with depth from 0.53 percent for tbe top 
subzone to 0.46 percent for tbe lowermost submne. 

A Lopatin model computed with a temperature gradient 
of 1.05 9 per 100 feet (chapter 9) and the probabiity of 
Poul Creek sediments below 14,000 feet based upon 

Table 12. Selected geochemistry and mean random vitrinite reflectance (RJ from shale and siltstone samples, ARC0 
Y-0007 No. 1 well mbor, 1979). 

Depth Total Preciptd. Est. Top  
Interval TOC Extract Asphattene Hcbs. Ro. rU2 
(feet) (%I ( P P ~ )  (ppml (ppm) (%I 

2,980-3,130 0.37 439 159 140 

3,850-4,030 0.27 308 57 125 

6,330-6,360 0.30 334 139 97 

6,050-6,080 0.31,0.29 236 60 88 

7,120-7,150 0.27 255 83 86 

7,800-7,830 0.24 5,357 5,258 49 0.49, 27 

9,190-9,230 0.30 71 1 502 1 04 0.53, 18 

1 0,030-1 0,070 0.28 1,920 1,840 40 0.51,37 

11,140-1 1,190 0.34 9,147 9,030 58 0.48,36 
- - - - - - - - - - - - - - - - m - - - - - - m m m - - - - - m m m - - -  

1 1,820-1 1,850 0.41 18,292 18,153 69 0.51, 30 

12,250-1 2,280 0.34 12,780 12,683 48 0.40,39 

12,660-1 2,690 0.41 12,345 12,255 45 0.59, 16 

13,300-1 3,330 0.44 3,906 3,798 59 0.44,33 

13,770-1 3,820 0 -42 5,477 5,390 43 0.46,36 

14,230-1 4,270 0.50,0.52 8,182 8,059 61 0.38,37 

14.81 0-1 4.840 0.53 15,219 14,876 71 0.43, 30 

15,270-1 5,300 0.62 4,416 4,282 67 0.43,32 

15,670-1 5,710 0.46 4,372 4,024 74 0.45, 9 
= - - - - - - - - - - - - - - - - - - - - - - - - -  

16,230-1 6,260 0.67 4,046 3,939 53 0.36, 17 

16,790-1 6,820 0.56 7,146 7,002 72 0.50, 22 

1 7,340-1 7,380 0.90 10,241 9,771 235 0.42.37 

17,840-1 7,880 0.73 4,914 4,702 106 0.42, 33 

Salome OCS 

'Estimated total hydrocarbons (50 pexoent ofK5 soluble b'imen). 

'RO values represent the first population of  reflectance measurements. Ths drrt population cootainsd the lugest number o f r d k m c a  
measurements and produced the lowest mean values for -oh cuttiogr ampla. N is I& mmbw of dectsnce values in the fir& pophtion of 
measurements used to tocompute the mean reflectancavrlucs. 
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Table W. GwChem Laboratories, Inc., summary of main organic geochemical characteristics fkom cuttings samples, 
OCS Y-0059 No. 1 well (Van Delinder, 1977). The OCS Y-0059 well penetrated only sediments of the Plio- 
Pleistocene section of the Yakataga Formation. The four sub- were identified by Van Delimbr on the basis of 
subtle organic geochemical differeaces. 

Subzone A Subzone B Subzone C Subzone D 

0' 4800' 6600' 8800' 
to to to to 

Organic Geochemical Characteristics 4800' 6600' 8800' 1 21 80' 

C ,C7 Light Hy-arbon 

C1 (methane) Average 19243 12980 3586 2826 
PPm' Maximum 32397 26486 8648 7261 

C2-C4 (ethane + ) Average 50 49 37 71 
P P ~  Maximum 113 72 76 175 

% Gas Wetness Average 0.3% 0.4% 1.2% 2.7% 
C5-C7 (gasoline-range) Average 2 14 1 1  128 

PPm* Maximum 22 51 27 450 
C S - C ~  Det ailed Analysis Average n.a. n.a. n.a. 121 

PPm Maximum - - - 34 1 

C1 5 + Soluble B i i e n  Content 

Total C15+ Extract Average 276 31 7 242 202 
P P ~ *  Maximum 804 732 359 290 

C1 5+ Hydrocarbon Average 24 est*** 29 estW* 31 est*** 39 est**+ 
PPm** Maximum 34 est*** 41 est*** 43 est*+* 1 20 

P-NIAROM Ratio n.a. 0.89 0.78 1 -93 
% P-N in Total Extract n.a. 1.7% 4.8% 29.7% 

Total Organic Csrbon Content 

% of Rack Average 0.44% 0.28% 0.30% 0.26% 
Maximum 1.08% 0.55% 0.39% 0.51 % 

Kerogen Composition 

Am-Amorphous; H-Herbaceous; W;H;Am W-H;C; H;W;Am-C H;W;Am-C 
W-Woody; C-Coal Debris; Al-Algal (All Am(AI) 

Kerogen Alteration 

(1 to 5 Scale) TOP 1 + 1 + to 2- 1 + to 2- l+to2- 
Bottom 1 + to 2- 1 + ro 2- 1 + to 2- 2t02+**** 

Vitrinite Reflectance (%%I Values 

Average 0.53 0.51 0.48 0.46 

Notes: * Volumes gas per million volumes cuttings. 
* Grams per million grams cuttings. 

*** Cis+ hydrocarbon estimated on extract samples too lean for quantitative liquid chromatography. 
**** High ? - see f i p  107. 
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Figure 107. Mean random vitrinite reflectance and kerogen color alteration values h r  the Gulf Oil OCS Y-0059 
No. 1 well. Visual kerogen alteration of 2,3, and 4 equal Ro values of 0.6, 1.5, and 4.0 percent mpectively. 
Diagram modified &om report of analyses by Geochem Laboaratories, Inc. (Van Delinder, 1977). 
Biostratigraphy from Anderson, Warren, and Associates (1977b). Ambient rock temperatures are computed from 
a linear regression of corrected bottom hole temperatures (see cbapter 9). 

VISUAL KEROGEN ALTERATION 

seismic data suggest that Van Delinder's projected depth highest corrected temperahue gradient obsemed for the 
for the threshold of oil generation may be low. Even if Gulf of Alaska (chapter 9), the Yakataga sediments in 
the temperature gradient were 1.89 per 100 feet, tbe the OCS Y-0059 well would, theoretically, be unaltered. 
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The complete suite of % data for the OCS Y-9 well 
is plotted on figure 108 along with R,, profiles from the 
OCS Y-0007 and the OCS Y4211 wells. These data 
were derived from sediments of Pleistocene to late 
Eocene age obtained from cuttings. 'Ibe three combined 
wells produce overlapping % profiles representing more 
than 16,000 feet of sediment. The low amount of scatter 
of the % data plotted on the profile in figure 108 is 
striking. It would be impressive if only a single well 
were involved. The retrograde % profile plus the fact 
the that data from three w e b  exhibit so little variation 
suggest that the vittiaite r e f l e c w ,  from sediments of 
Pleistocene to late Eocene age over an extensive area in 
the Gulf of Alaska, is virtually unrelated to hrmation, 
specific sample. lmntion, or age of the kerogen, 
provided the kerogen is derived from d i n t s  that are 
no older than late Eocene. 

The simplest way to explain the retmgde R,, profile is 
that most of the kerogen sampled fkom these offshore 
wells must have been recycled. This hypothesis would 
also explain the generally low hydrogen indices for the 
Poul Creek and the late Eocene Kulthieth Formatiom on 
the modified Van Krevelen diagrams (fig. 103) for the 
OCS Y4211 well. Only unreactive organic material 
(iertinite) or very mature kerngens should exhibit such 
low hydrogen The regressive character of the 
% profiles suggests progressive unroofing m a source 
terrane. The fitst recycled kerogea to be deposited 
possessed an % of about 0.4 percent, and as deeper 
sed&ents were eventually exhumed, vitrinite with a 
reflectance of as much as 0.6 percent was recycled into 
the youngest Yakataga rocks. The result is an & profile 
that now decreases with increasing depth rather than one 
that increases in the usual manner. Where overturned 
bedding is present in the W p s  Kern McGee Sullivan 
No. 1 well (appendix G-2) the highest & value (0.62 
percent) was measured at the bottom of the overturned 
section rather than at the top. 

The presence of altered, reworked kemgen and the 
virtual absence of fresh unaltered kerogen in sediments 
of the Poul Creek and possibly the upper Kdthieth 
Formations could be related to an oxid ' ig 
environment. In an unrestricted marine envimnment 
with free water circulation and little or no bacterial 
activity, the sea water-mud interface has the normal Eh 

and pH of the open ocean; that is, an Eh of +O. 1 to 
+0.3 volt and a pH of 7 to 8. In tbis environment, femc 
compounds characteristic of iron formations would be 
stable (Stanton, 1972) but organics would be readily 
oxidized. According to Krauskopf (1979), pment-day 
environments of deposition where organic matter is 
accumulating exhibit oxidation potentials on the order of 
4.1 to -0.5 volt. The nature of the preserved kerogen 
would depend on the kind of organic material tbat d e d  
to the bottom, the environment of deposition, and the 
extent of the organic material's previous oxidation. If 
ocean bottom currents provided adequate water 
circulation, as Armentrout (1983a) has suggested for 
Neogene and Holocene sediments in the Gulf of Alaska, 
it is probable that the Eh of the ssa water sediment 

interface would be maintained between these extreme 
limits. If the Eh were near 0 but positive, possibly 
between 0 and +O. 1 volt, fresh organic material would 
be oxidized, while recycled, previously oxidized 
kerogen might not be as susceptible to further oxidation 
and would consequently survive to be buried. 

Armentrout (1983a) also pointed out that marine 
organisms living in well-oxygenated sea water would be 
more likely to consume fresh, nutrient-rich organic 
debris than oxidized terrestrial and recycled organic 
matter transported along with the clastic sediits. 

A few centimeters below the seafloor the pH can drop to 
5 or 6. Glauconite and phillipsite (a potassium zeolite) 
are stable in this environment. In a basic solution in 
which iron and sulfur are present, pyrite would not be 
stable unless the Eh wqs less than -0.2 volt, but in an 
acid environment, pyrite can form up to an Eh of about 
+0.2 volt (Krauskopf, 1979). 

To recapitulate, if a mildly basic oxidiig mvimnment 
were present at the sea bottom when Pod Creek 
sediments were deposited, k h  organic material tbat 
survived to reach the sea floor would be oxid i i .  
Recycled kerogen that had survived a much more 
rigorous oxidizing environment during erosion above sea 
level would no longer be as susceptible to oxidation and 
would, therefore, survive to be buried. If tbe pH in the 
sediment decreased as the sediments accumulated and if 
potassium, iron, and sulfur were present, g l a d @  and 
pyrite would become stable mineral phawj. The 
resulting sediments would contain reworked organic 

6 Unpublished industry data from Kayak Island shows the Miocene part of the Poul Creek Formation to be an 
organically rich, oil-prone source rock VOC of 4 to 10 percent) characterized by Type I and Type II kerogen 
(Turner, written commun., 1992). However, at the present time the data remain unavailable. 
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matter, glauconite, and pyrite but little or no detectable 
unaltered kerogen. Such a kerogen and mineral 
assemblage is present in the Poul Creek Formation and, 
with the exception of the glauconite and pyrite, in the 
upper part of the Kulthieth Formation in the Yakutat 
No. 1 well (Plafker, 1974) (see also chapter 5). 

Tenneco Middleton Island State No. 1 well 

The Temeco Middleton Island State No. 1 well was 
drilled in 1%9 west of the Yakutat terrane, which 
contains the other wells and the active oil and gas seeps 
of the Gulf of Alaska. The height of the KB was 71 feet 
above sea level and water depth was 60 f6et. Total depth 
was 12,000 feet. Gulf Oil analyzed cuttings from this 
well in 1974 (Alaska Geologic Materials Center Data 
Report 8, 1974) using a pyrolysis-fluorescence process 

patented by Heacock aqd Hood (1970). This method is 
designed to detect and evaluate only thermally active 
organic matter and yields measurements in "fluorescent 
units" which are compared with data from organic 
shales from the western United States. Most of the 
Middleton Island well cuttings did not fluoresce. Tbese 
cuttings do not appear to contain sufficient amounts of 
organic matter to be sources for economically significant 
amounts of petroleum. 

figure 109 shows mean random vitrinite reflectance 
(%) for the Middleton Island well (Alaska Geologic 
Materials Center Data Report 8, 1974, and Report 32, 
1984). The interpretive profile sugge8t.q Ulat the 
sediments penetrated hy this well are thermally 
immature. This interpretation is supported by Lopatin 

modeling, even with the 
assumption of the high 
estimated temperature gradients 
(1.39 ?F per 100 feet) needed to 
produce maximum likely TII 
values. 

MEAN RANDOM VlTRlNlTE 

In sum, the largest quantity of 
and highest quality data came 
from the OCS Y.0211 well. 
Few of the samples analyzed 
exhibit a high degree of organic 
richness. Samples with the 
highest genetic potential came 
from the middle Eocene 
Kulthieth Formation. Samples 
from Kayak Island have 
produced significant amounts of 
bitumen, but the bitumen is 
considerably more mature than 
the kerogen in the sediments 
from which the bibunen was 

n -- 

- 
- 

3.000 - 
- 
- 

6.000 - 

- 
- 

9,000 - 

- 
- 

12.000 - 
- 

- 

15.000 - 
- 
- 

18.000 
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Catagenesis in the OCS Y-11 
well begins to occur at about 

Figure 108. Ro values &om 
cuttings samples &om dvee 
offshore Gulf of Alaska wells 
measured in sedkmts of 
Pleistocene through late Eocene 
age. Data from GeoChem 
Laboratories, Inc. 
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Figure 109. Mean random vitrinite reflectance &) values, T e ~ e c o  Middleton Island State No. 1 well. 
Biostratigraphy is from figure 58. 

Mean random vitrinite reflectance (Ro) 
(percent) 
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12,500 feet. 1n the Middleton I s I d  well, ata@ Origin of Petroleum in the Gulf of 
begins to occur at depths in excess of 13,000 feet. The 
normal R,, profiles that were obtained came ftom weus Alaska 
containing rocks of middle Eocene and older age. Other ~ h ,  cornpition of the three available oil 
offshore wells which did not pene$rate the Kulthieth samples suggests a correlation with the Kulthieth 
Formation produced retmgde R,, profiles, suggesting Formation. A single biomarker analysis points to a 
the kerogen from late Eocene and younger racks terrmtrial or nearshore origin consistent with a Kulthiieth 
contained very little unrecycled organic material. The source. Carbon isotope ratios indicate both marine and 
absence of indigenous kerogen is thought to be the result ,.,onmafine for the oil, and M~~ press) 
of an inhospitable depositional envbment. suggests, on the basis of carbon isotope sMies 

performed by A. N. Fuex, that both the Pod Cree& and 
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the Kulthieth Formations generated petroleum in the isoprenoid n-alkane diagram) shows a cleat separation of 
~ u l f  of ~ 1 - b . ~  the two populations of Cr5+ extract data from the Poul 

Creek and the Kulthieth Formations. Paleontological 
Chemical Composition of Crude Oil and Extracts evidence indicates that thePoul Creek Formation was 

The most extensive analysis of Gulf of Alaska oil was 
the refining of crude oil at Katalla. Early reports 
indicate that the Katalla Oil Field yielded a 
predominantly paraffEnic crude oil (Martin, 1921; Miller 
and others, 1959; Blasko, 1976). Analyses by the USGS 
of the two least altered oil samples from seepa (Plafker, 
1987) support a light, low-sulfur, paraffinic oil (figs. 95 
and 97). 

The isoprenoids pristane (Pr) and phytane (Ph) have 
been used successfully as indicators of.depositid 
environment anci as biomarkers (F'owell and McKirdy, 
1973; and Lijmbach, 1975). There is no uniyersal 
agreement regarding their usefulness for these purposes 
(Sofer, 1984; Moldowan and others, 1985), but they are 
readily available from standard gas chromatography 
procedures and, therefore, are fiquently included in the 
literature. Pristane to hepCadecane (n-C17) and phytane 
to octadecane (n-CI8) ratios are also used because the 
pairs of compounds elute almost simultaneously from the 
gas chromatograph. 

The Pr/Ph, PrlnC17, and WIn-C18 ratios for extracts 
from the OCS Y-0211 well, two USGS oil seep samples, 
and a crude oil sample from the Katalla No. 36 well are 
given in figure 110. Pr/Ph ratios of I& than 1 are 
characteristic of autochthonous marine or some 
lacustrine organic matter and reducing environments. 
Pr/Ph ratios greater than 3 are considered to be 
representative of terrestrial organic matter deposited in a 
marine setting and oxidizing environments (Hunt, 1979). 

The Poul Creek and Kulthieth formations exhibit 
contrasting isoprenoid and imprewid nallrane ratio9 
(fig. 110). Thr; Pr/W mtiv fur (ht: Puul Crak Formatiun 
extract is characteristic of a marine sediment and the 
Kulthieth Formation of terrestrial organic matter 
deposited in a nearshore environment with a smaller 
marine component (Hunt, 1979). The high Pr/W vahKs 
for the oil samples are more cumistent with a Kulthieth 
extract than with a Poul Creek extract. Figure 110 (the 

deposited in a deep-marine b i n .  The Pr/Ph ratios on 
figure 110 are consistent with that interpretation, but the 
isoprenoid n-alkane ratios indicate a p e a t d  or 
transitional environment. Oxidation of the organic 
matter could have caused the shift in the locus of these 
data points out of the field where marine organic matter 
would normally be expected to plot. TIM impmid' 
n-alkane ratios from the three oil samples are also more 
similar to Kulthieth extracts than to Poul Creek extracts. 
The crossplot also indicates a lower level of thermal 
maturity for thc l ab  Eocene Kulthieth extracte than for 

the middle Eocene Kulthieth extracts. This is consistent 
with indicators of thermal alteration provided by 
microscopy, pyrolysis, and paraffin distribution 
(fig. 104). The two extracts fiom the late Eocene 
sandstones that plot near the center of the extracts fiom 
Une middle Eocene shales are interpreted as representing 

migrated bitumen from much deeper litho1ogie.s. 
Because the bitumen came from sandstone, and because 
its high saturate content indicates high maturity 
(fig. I&), this interpretation seems reasonable. The 
composition of the two extracts most nearly resembles 
Kulthieth extracts. 

Carbon Isotope Analyses 

In addition to limited chemical analyses, a few crude oil 
and extract samples bave been analyd  by mass 
spectrometry to determine carbon isotope ratios (613c): 

The most common standard used is the P w b  belemnite 
(PDB) of South Carolina (Hunt, 1979; T i  and Welte. 
1984). 

In a poster session delivered at the Thirhnth 
International Meeting on Organic Gemhemistry in 
Venezia, Italy, in 1987, A. N. Fuex (unpublished 
manuscript) described a systematic application of carbon 
isotope ratios for correlatiag oils with their source 

7 Hunt (1979) points out the following difficulties in oil to source rock correlation. Fit, oil may fractionate during 
migration or expulsion from source rock. Second, source rocks do not yield oils of the same composition over time. 
Third, degradation processes can affect migrated oil, and processes such as mineral recrystallization, uplift, and 
erosion followed by reburial can affect source rock oil. 
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INDIGENOUS HYDROCARBONS, OCS Y-0211 WELL MIGRATED HYDROCARBONS. OCS Y-0211 WELL 

POUL CREEK FORMATION KULTHIETH FORMATION KULTHIN  FORMATION 
0 EARLY MIOCENE, OUGOCENE. ALATE EOCENE LATE EOCENE SANDSTONE 

AND LATE EOCENE (8.690'-11,300') (8.692' AND 8.698') 
(5,000'-8,360') MIDDLE EOCENE 

(1 1,660'- 16.340') 

Count (N-22) 
n *Crude Oil Samoles (USGS and 

GeoChem ~abdrotories) 
Pr/Ph Ratios 

A. Wingham Is. seep: 5.7 
B. Hubbs Cr. seep: 4.6 and 6.2 

0 1 2 3 4 5  0 1 2 3 4 5  C. Katalla Well No. 36: 2.6 
pr/Ph pr/Ph 

Poul Creek Formation Kulthieth Formation 

Figure 110. Plot of p M n - C i 7  versus phytane/nCis for Poul Creek and Kulthieth samples fiom the ARC0 OCS 
Y-11 No. 1 well. Two USGS oil seep samples and a crude oil sample fiom the Katalla No. 36 well provided by 
Phillips Petroleum are also shown. This diagram is adapted Erom a plot constructed by W. L. Orr in Sbmmugam 
(1985) and is based on concepts proposed by Lijmbach (1975). 

rocks. He concluded that hia laboratwy simulation 
experiments demonstrated the usefulness of the isotopic 
composition of carbon for such correlations. Data fiom 
the Gulf of Alaska were used to i b h t e  his procadure. 

Fuex (unpublished manuscript) had previously 
established the probable source of the oils Erom the Gulf 
of Alaska utilizing Clo to & saturate composition and 
gross chemical compodion of the CIS+ fraction 
(saturates, aromatics, NHC compounds, and so forth). 
These data were not included in the poster sessicm. Most 
of hex 's  carbon isotope data along with &13c values 
acquired by the USGS (Magoon, in press) are ilhrstrated 
in figure 111. 

h e x  believes that a 613c correlation of oil with source 
rock extracts is more accurate than a CO- of 
613c values for oil with kerogen because similar 
substances are being compared. To facilitate a 
comparison, crude oil samples are 'toppedn before 
analysis; that is, volatiles that evaporate below the 
boiling point of C1s compounds are removed because 
CIS+ extracts bave usually lost these volatiles, either 
during storage or during the extraction process. Also, 
the CIS+ extracts must be obtained from kerogen within 
the range of thermal maturities representative of oil 
generated during the main phase of oil gemration. 
According to Fuex, this should be within the % range of 
about 0.6 to 1.1 percent, which may entail heating an 
immature extract sample for about 20 days at about 
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330 OC. (The heat treatment is indicated on figure 11 1. 
For ekample the notation "181330" means that the 
extract was heated for 18 days at 330 OC.) 

On the basis of the carbon isotope data (fig. 11 1) for the 
saturated and aromatic hydrocarbons, Magoon (in press) 
suggests that two petroleum system exist in the Gulf of 
Alaska: a Poul Creek system sourced by Pod Creek 
Formation rocks, and a Stillwater-Kulthieth system, 
based on an interpreted facies relationship between the 
Kulthieth, Tokun, and Stillwater Formations. Carbon 
isotope ratios for oil from the Katalla field are within 
1.2 permill of extract from an artificially matured 
(heated) extract from Poul Creek rocks obtained from 
%st Kayak Island (oil samples AKA455 aud 

5006910026 and extract samples AKA-S-1163 and 
AKA-S-577 on fig. 11 1). Magoon suggests a match 
between an oil seep from Wingham Island and the 
Kulthieth Formation in the Samovar Hills (oil sample 
81APr51C and extract samples AKA-0-56 and 
AKA-0-57 on fig. 11 1) These matches between oil and 
source rock obviously depend on the condition that the 
bitumen formed in the rocks from which it was 
extracted. Bituminous extracts fkom Kayak Island (fig. 
106) are very mature, based on their saturate content, 
while the shales from which they were extracted are 
immature. This indicates that the bitumen probably 
migrated into the Poul Creek shales. 

An alternate approach to the use of carbon isotope ratios 
was described by Sofer (1984). Sofer conducted a 
statistical study of 6I3c for cIS+ saturate and aromatic 
fractions of 339 oils which were believed to be derived 
from temgenous sources (waxy oils) and marine sources 
(nonwaxy oils). Tbe 613c values for the Gulf of Alaska 
oils are plotted with Sofer's linear regressions on 
figure 112. 

Sofer derived a statistic, the canonical variable (CV), 
which discriminates between the two populations of 
carbon isotope data: 

CV values greater than 0.47 correspond to oils derived 
from terrigenous sources and CV values less than 0.47 
correspond to oils derived from marine sources. The CV 
values for the Gulf of Alaska oils are listed on both 
figures 11 1 and 112. 

Three of Fuex's "Kulthieth oils" have positive canonical 
variables (CV), suggesting that they were derived from a 
waxy or terrigenous source (fig. 112). The two "Poul 

Creek oils" from the Katalla area have negative CV 
values, suggesting they are derived frpm a nonwaxy or 
marine source. The Wingham Islaad sample also has a 
negative CV value and plots very near the linear 
regression for nonwaxy (marine) oils (fig. 112). 
However, it has a high pristane to phytane ratio (Pr/F%) 
ratio (5.7) and, on tbe basis of the isoprenoid n-alkane 
ratios (fig. 1 lo), most nearly resembles the hydrocarbon 
extracts from the middle Eocene part of the Kulthieth 
Formation in the OCS Y-0211 well. 

Three analyses fall midway between Sofer's (1984) 
l i i r  regressions (fig. 112). These include two analyses 
of USGS sample 80APr127 from Hubbs C d  in the 
Samovar Hills (PlnOcer, 1987, and Magmn, in press) 

and an analysis of the Phillips Petroleum sample h m  
the Katalla No. 36 well. Sample 80APr127 yielded CV 
values both greater and less than Sofer's discriminatory 
CV value of 0.47 (4.20 and 0.64). The Pr/Ph ratios for 
these two analyses were 6.2 and 4.8, ~ t i v e b .  
Although R/Ph ratios cannot be relied upon to 
discriminate between marine and nonmarine shales 
(Moldowan and others, 1985), high RE% ratio8 such as 
these suggest an oxidizing depositional environment 
(Powell and McKirdy, 1973) and are generally 
associated with terrigenous oils (Sofer, 1984). Both the 
Pr/W ratios and the isoprenoid to n-alkane ratios fbr 
these samples most nearly resemble similar ratios 
computed for middle Eocene Kulthieth Formation 
extracts obtained from the OCS Y-0211 well (fig. 110). 
The crude oil sample from the Katalla No. 36 well 
produced a CV value of 0.28, which is also very near to 
Sofer's discriminatory CV value of 0.47. Its Pr/Ph ratio 
is 2.6. Ptistane to phytane ratios which f d  between 1 
and 3 are unreliable indicators of environment of 
deposition (Hunt, 1979; Sofer, 1984). However, M 
the Pr/Ph ratio and isoprenoid to n-alkane ratios 
resemble middle Eoceqe Kulthieth Formatian extracts 
from the OCS Y4211 well (fig. 110). 

The data Sofer used to compute his linear regressions 
(fip 112) exhibit a significant degree .of overlap of the 
6' C values for waxy oils onto the linear regression for 
nonwaxy oils, particularly in the i n t e~a l  b m  about -29 
to -25 parts per mill for the saturates. This is the interval 
into which all of the Gulf of Alaska oils fall. The carbon 
isotope ratios for the Gulf of Alaska oils are consistent 
with an oil generated by sediments containing terrestrial 
kerogen. The overlap in Sofer's carbon isotope data 
combined with the inconclusive results from the Gulf of 
Alaska carbon isotope analyses gives cause to que&ion 
whether carbon isotope ratios alone, without other 
corroborative evidence, can be used to attribute 02s 



Fie 111. A summary of crude oil and extract carbon isotope mtio (613c) values from the Gulf of Alaska. 

CRUDE 
OIL 
!3W'LEs 

POUL CREEK 
FORMATION 
EaRw75 
( W E  11 KEROGEN 
5 = 0.46%) 

KULTHIEIH 
FORMATION 
DclRMx 

(55: - 80% VlTRlNlTE - 20% LlPTlNlTE 
% = 0.4 - 0.6%) 

CV: 

from this region to a marine source, a terrestrial source, Because migrated hydrocarbons are abundant along the 
or a specific source rock. If the carbon isotope values fault mnea of this region, h e  possibility of migrated 
were obtained from migrated bitumen, tbey have no bitumen in the carbon isdope studies cannot be 
bearing on the rocks from which they were extracted. dismissed. 
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CV C 0.47 corroopond~ to nonwaxy (marine s u u l ~ r )  oil 

CV > 0.47 corresponds to waxy (terrigenous source) oil. Sofer (1984) 

EXPLANATION X: 613C from kerogen 

Saturates H Aromatics: 613C from saturate and aromatic fractions of crude oil and 
C l r  hydrocarbon extract samples 

18/330: Extract heated for 18 days at  330 'C 

Sources of doto: L. B. Mogoon (in press), G. Plafker (1987) 

CV 

-1.24 

-0.45 

-0.71 

-0.20 

0.28 

0.64 

3.78 

3.28 

2.45 

-1.60 

-1.24 

0.45 

-0.87 

-1.22 

-0.58 

2.41 

2.29 

2.57 

3.24 

Sample Identification. Preparation, 
and Description 

AKA-0-55, SEEP(?), KATALLA HILLS (Magoon) 

5006910026. WELL, KATALLA OIL FIEUI (Mogoon) 

81APr51C. SEEP, WINGHAM ISLAND (Plafker) 

80APr127, SEEP, HUBBS CREEK (Plafker) 

KATALLA NO. 36  WELL, KATALLA OIL FIELD (MMS) 

80APr127. SEEP. HUBBS CREEK (Magoon) 

AKA-0-58. SEEP, JOHNSTON CREEK (Magoon) 

AKA-0-56, SEEP, SAMOVAR HILLS (Magoon) 

AKA-0-57, SEEP. SAMOVAR HILLS (Magoon) 

UNHEATED 

1 AKA-S-116.3, 
3/300 E. KAYAK ISLAND 

(Magoon) 
18/330 (simulates 
& rr 1.05% for Type 11 keroqen) 

UNHEATED 

3/300 1 AKA-S-577 
E. KAYAK ISLAND 

6/330 (Magoon) 

20/330 (simulates 
& r 1.05% for Type I1 kerogen) 

UNHEATED 

3/300 1 AKA-S-80 
SAMOVAR HILLS (Mogoon) 

18/330 

UNHEATED 

3/3- 1 AKA-S-67 
ESKER STREAM (Magoon) 

10/330 
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S ' ~ C  Saturates 

SAMPLE DESCRIPTION 

a Waxy oils 
1 Samovar Hills (AKA-0-56). 

Fuex 
2 Samovar Hills (AKA-0-57). 

Fuex 
3 Sullivan Anticline 

(AKA-0-58). Fuex 

+ Ambiguous data 
6 Samovar Hills (BO~Prl27j. 

Magoon 
7 Samovar Hills (80APr127). 

P1nfL.r 
9 Katalla Oil Field 

(Well No. 36). MMS 

Nonwaxy oils 
4 Katalla Oil Field (5006910026). 

Magoon 

5 Katalla Hills (AKA-0-55). Fuex 
8 Wingharn Island (81APr51C). 

Plafker 

Figure 1U. Carbon isotope compositions of Cis+ aromatic versus saturate fractions of Gulf of Alaska crude oil 
samples with Sofer's (1984) statistical analysis of waxy versus nonwaxy crude oils. 

Geochemistry, 225 



interpretation is also consistent with the h/Ph ratio 
of 2.6 and the carbon isotope ratios that plot 
midway between terrestrial and marine organic 
material (fig. 113). 

I / \ I Summary and Conclusions 

Crude oil sample from 
Katalla Well No.36 

Pr/Ph=2.64 

The petroleum commercially produced at Katalla 
and crude oil recovered from seeps are 
predominantly light, paraffin-rich, low-sulfur 
crude oils probably generated from terrestrial 
source material. Biomarker wmpounda and carbon 
isotope ratios from saturate and aromatic fractions 
of Katalla oil indicate that it was probably 
generated from kerogen deposited in a nearshore 
environment that received a considerable amount 
of terrestrial organic debris. 

J The Poul Creek Formation and the upper part of 
the Kulthieth Formation are generally low in 
organic matter and thermally immature. More 

Figure 1W. Sterane content of an oil sample from the Katalla extensive sampling and analyses firom offshore 

No. 36 well plotted on a diagram showiig the relationship % prome @O 

between sterols from marine plankton, higher plants, soils, decreases with depth) for organic material from the 
and lacustrine and marine sediments as ecdogical indicators Yakataga (Miocene to Holocene), tbe Poul Creek 
(Huang and Meinschein, 1979). (late Eocene b Miocene), and the upper Kulthieth 

Formations (late Eocene). Ikse formatiam 
typically contain type IV kerogen. A possible 

Sterane-Terpane Composition, Katalla No. 36 Well 
explanation for the retrograde % profiles and for the 

The crude oil sample from the Katalla No. 36 well was 
analyzed for steranes and terpanes using the gas 
chromatograph-mass spectrometer by GeoChem 
Laboratories, Inc. The complete d t s  of this analysis 
are included in appendix I. Bayliss (1991) reported that 
the high terpane content (63.7 percent) wmpared with 
the sterane content (36.3 petcent) calculated h m  the 
mass to charge ratio (mlz 217 and mlz 191 fiagment 
ions) is characteristic of an oil generated from a 
dominantly terrestrial-source facies such as an inner 
neritic environment. 

The Q7, %, and C29 sterane concentratio~s can be 
used as correlation parameters because of their & i t  
dependence upon their precursor sterols (Waples, 1985). 
Huang and Meinscheii (1979) platted sterols from 
recent sediments on a ternary diagram as indicators of 
depositional environment. Their diagram has been 
reproduced in figure 113 and the Q7, C28, C29 sterane 
contents for the oil sample from the Katalla No. 36 well 
is plotted on it. The Q7, q8, C29 sterane content of this 
sample is suggestive of terrestrial source material 
deposited in a nearshore eavironment. This 

very low hydrogen and oxygen content of the or@c 
material from these s e d i i t s  is that the kerogen was 
deposited in an oxidizing environment which consumed 
immature indigenous organic material and selectively 
preserved more mature, recycled, oxidized, organic 
debris. 

Kerogen from the older middle Eocene Kulthieth 
Formation in the ARC0 OCS Y4211 No. 1 weU 
exhibits a norm1 R, profile (a, increases witb depth). 
At this location, cabgemis occurs between about 
12,300 and 17,300 feet and hydrocarbon generation 
probably began ahout 25 million years ago in the late 
Oligocene. Onshore, the highly defamed Bering River 
Coal Field, part of the Kulthieth Formation, contains 
low-volatile bituminous to anthracite grade coals 
indicating levels of thermal alteration ranging from 
catagenetic to metamorphic. However, tbe very highest 
levels of thermal alteration are not a widespread 
phenomenon. 

Cretaceous shales from the Dangerous River No. 1 and 
the Malaspina No. 1A wells exhibited % values 

226, Guy of Alaska Geologic Report 



characteristic of mature kerogen, mostly within the oil 
window, but with maximum values as high as 1.49 
percent. The Cretaceous sediments penetrated by these 
wells are organically lean. 

Oil samples from the Gulf of Alaska resemble heavy 
Cl5+ hydrocarbon extracts from Kulthieth shales in the 
ARC0 OCS Y-0211 well for which similar 
chromatographic analyses are available. Isopremid and 
isoprenoid to n-alkane ratios suggest a terrestrial or 
nearshore origin for both crude oils and the Kulthieth 
extract samples. Carbon isotope ratios suggest the 
presence of both marine and nonmarine petroleum. 
However, the carbon isotope data are not adequate, 
alone, to make this distinction. Carbon isotope ratios of 
saturated and aromatic fractions of oils are consistent 
with both Poul Creek and Kulthieth sources for the oil. 
This correlation, however, hinges on the premise that 
the bituminous extract from the caddate source rocks 
has not migrated into the m k s  from which it was 
extracted. This is a questionable premise, given that the 
region is highly faulted and contains abundant oil seeps. 
Finally, biomarker data for an oil sample from the 
Katalla No. 36 well are consistent with a marshe 
environment of deposition for the probable source of the 
oil. 

On the basis of the available data, the Kulthieth 
Formation is the most likely source of petroleum in the 
Gulf of Alaska Tertiary P m ~ .  It contains both 
marine and nonmarine facies. It is thermally mature and 
on the basis of available analyses its extracts are 
chemically similar to the oil in the region. 

If hydrocarbons generated by other marine source rocks 
are present, formations equivalent to or older than the 
Kulthieth Formation would constitute the most probable 

source of the petroleum. Candidates include the Tokun, 
the Stillwater, and the Haydon Peak Formatiam, and the 
Oily Lake siltstone. Of this group, the Tokusl Formation 
is the most promising candidate because of its similarity 
and stratigraphic relationship to the Kulthieth Formation 
(Tumer and Wbateley, 1989). If parts of the Poul Creek 
Formation containing unoxidized kerogen are buried 
deeply enough in this region, they could be a potential 
source for petroleum. However, there is little 
geochemical support for this hypothesis. Lastly, the 
petroleum may have been sourced fiom unsampled 
Mesozoic rocks. However, the only known Mesozoic 
rocks are in the east&m part of the region, near Yakutat, 
and they are organically kan. 

There is a worldwide correlation between oil seeps and 
seismicity, particularly adjacent to plate bodarks 
where earthquake activity is highest. Southern Alaska is 
a prime example of this kind of situation. Young 
sediments in tectonically active areas produce most oil 
seeps (Hunt, 1979). Migration of petroleum along faults 
can supply hydrocarbons to reservoirs if suitable 
reservoir rock and a trapping mechanism are present. 
The Trading Bay field in Codr Inlet is a system of 
stacked reservoirs fed by hults. TIE problem with fhe 
active faults along the Gulf of Alaska is that fhey appear 
to be delivering petroleum directly to the surface. Tbe 
frequency of oil seeps, the high level of seismic activity 
associated with the high rate of plate movement, and the 
lack of exploration success suggest that hydrocarbws 
tend to escape in this region. Any exploration strategy 
for the ~ u l f  of Alaska Tertiary Province must take into 
account the problem of entrapping the hydiocarbons that 
clearly have been generated. Because most large 
offshore structures have been explored, the more highly 
deformed, thermally mature onshore atwts may offer the 
best opportunities for fiather exploration. 
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11. Play Concepts 

The geology of the continental shelf in the nortbern Gulf 
of Alaska reflects a diversity of tectonic settings and 
depositional processes. Because of this, particular 
attention must be given to regional variations in 
stratigraphy, structure, and geologic history when 
assessing the hydrocarbon potential of this area. Five 
major hydrocarbon plays have been recognued within 
this region: (1) the Middleton fold and thrust belt play, 
(2) the Yakataga fold and thrust belt play, (3) the 
Yakutat shelf play, (4) the subducting terrane play, and 
(3 the Southeast Alaska subbasin play. 

Middleton Fold and Thrust Belt 
Play 
The Middleton fold and thrust belt play encornpassea the 
segment of the continental shelf west of the Kayak mne 
and east of approximately 148' W. longitude (fig. 114). 
The prospective section in this area overlies rocks of the 
Prince William terrane, and reflects a different 
depositional, structural, and maturation history than the 
Yakutat terrane to the east. Strata within the Middleton 
fold and thrust belt play are folded and dis@ by 
zones of Pleistocene structural deformation that strike 
generally to the west and southwest (figs. 7 and 25) 
creating numerous structural trapping possibilities. The 
most common trapping configurations are elongate, 
asymmetric structural closutes on the rmthem, 

upthrown sides of high-angle thrust or reverse hults. 

The source rock potential of the Middleton fold and 
thrust belt play appears poor to marginal based on 
available stratigraphic and geochemical data. Well 
cuttings from the Tenneco Middleton Island No. 1 well 
(fig. 66), located just southeast of Middleton Island, 
were analyzed subsequent to Qilliog in 1%9 using 
pyrolysis-fluorescence, a technique that measures 
thermally active organic carbon content (Alaska 
Geologic Materials Center Data Report 8, 1974). Low 
levels of fluorescence were detected over four intervals: 
2,100 to 2,250 feet (early to middle Miocene siltstone), 
3,250 to 5,000 feet (late? Oligocene siltstone), 7,000 to 
7,500 feet (early? Oligocene interbedded siltstone, 

sandstone, and conglomerate), and 9,000 to 12,000 feet 
(Eocene interbedded siltstone, shale, and conglomerate). 

Conversion charts developed by Heacock and Hood 
(1970) were used to convert pyro1ysis-fluort%xam 
values from the Middleton Island well to total organic 
carbon (TOC) and CIS+ extractable hydrocarbon values. 
Estimated TOC values for the fow intervals ranged from 
1 to 2 percent, and Cts+ extractable hydrocarbon value8 
from 50 to 200 parts per million (ppm). 'Ibese values 
suggest that the organic matter in the sedimentary 
section at the well is probably not capable of generating 
economic quantities of hydrocarbons. Organic carbon 
values derived from stratigraphically equivalent strata in 
the KSSD No. 2 well and h m  outcrops on Kodiak 
Island, 100 and 275 miles to the southwest, respectively, 
are correspondingly low, with maximum TOC 
percentages of about 0.5 p e m t  in the KSSD No. 2 
well (Turner and others, 1987) and 0.7 percent in tbe 
Eocene-Oligocene Sitkalidak Formation on Kodiak 
Island (Fisher, 1980). 

Analyses of kerogen type on the Middleton platform and 
adjacent areas indicate that sediments in the Middleton 
fold and thrust play are generally more gas prone than 
oil prone. Turner and others (1987) reported that the 
kerogen in Eocene and younger strata tested by the 
KSSD No. 2 well was predominantly bcibacoous aad 
woody (gas prone). Kerogen from the Sitkalidak aad 
Sitkinak Formations of Eocene to Oligocene age on 
Kodiak Island is mostly coaly and h e r b a m  (Fiiber, 
1980), indicating a terrestrial origin. Kerogen type was 
not reported in detail from the Middleton Island No. 1 
well. However, a report prepnred h m  an examination 
of drill cuttings described the kerogen typz as 
predominantly structured, and containing numerow 
cuticle and wood fragments (Alaska Geologic Materials 
Center Data Report 49, 1984). The Eocene interval 
between 9,000 and 11,000 feet contains a slightly bigher 
percentage of amorphous material and appears to have 
the highest potential within this section for generating 
liquid hydrocarbons. 
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Vitrinite reflectance studies and Lopgtin modeling 
indicate that the sediments penetrated by the Middleton 
Island No. 1 well are thermally immature (Organic 
Geochemistry and Source Rock Potential chapter) 
(fig. 109). The top of the oil window is projected to 
occur at about 13,000 feet, or 1,000 feet below total 
depth. Seismic-reflection data reveal that the t h e d y  
immature Paleogene section encamtered in the well is 
present within the oil window in many of the structurally 
low areas on the Middleton shelf. Preliminary estimates 
suggest that a sufficient volume of potential &ne 
source rocks have reached thermal maturity to generate 
economically recoverable amounts of hydrocarbons, 
provided that the section is moderately kerogen rich. 

Sandstones and conglomerates constitute about 
15 percent of the Yakataga Formation m the Middleton 
Island well as determined &om ppontaneous-potential 
(SP) and gamma ray logs. Deusily porosity of 
cwrse-grained hciea in this section averages about 
13 percent Using this average porosity, the relationship 
between porosity and permeability of sandstones and 
conglomerates in the Yakataga Formation (fig. 76) 
provides an average permeab'ity value of 
6.0 millidarcies. These values suggest that the Yakataga 
Formation in the vicinity of Middleton Island has 
reservoir potential, although it is of marginal quality. 
However, individual beds in this fbrmation have density 
porosities as high as 18 percent and estimated 
permeabilities of 65 millidarcies, well within the mge 
of a good reservoir rock. 

Paleogene and early Nwgene strata mderlying the 
Yakataga Formation on the Prince William terrane 
appear to have negligible reservoir potential. In the 
Middleton Island well, porous, coarse-grakd facies are 
sparse in the Sitkalidak and Sitkjnak Formation 
equivalents, and absent in underlying Eocene rocks, 
possibly of the Orca Group. Based on the poor reservoir 
quality of Paleogene and early Neogene strata observed 
in the Middleton Island well, and an similar M i  in 
the Kodiak shelf stratigraphic test wells to the east 
(Turner and others, 1987), it appears unlikely that 
sufficient quantities of coarse-grained h i e s  of this age 
are present on the Middleton shelf to represent 
prospective reservoir targets. 

In summary, the Middleton fold and thrust belt is 
characterized by a sedimentary section that is thermally 
immature and has poor source rock potential. However, 
Eocene rocks present in the oil window in the deeper 
parts of the basin may be capnble of generating 
hydrocarbons if TOC levels are sufficiently high. 

Reservoir rocks appear to be limited to the Yakataga 
Formation (late Miocene and younger). I n t e r W  
fine-grained clastic sedi i t s  within the Yakataga 
Formation are potential seals to hydrocarbon migration 
if individual beds are areally extensive. High-angle 
thrust and reverse faults may provide a pathway for 
migration of hydrocarbons from underlying source rocks 
to large anticlinal and fault traps within ZOMS of 
Pleistocene structural deformation. 

Yakataga Fold and Thrust Belt 
Play 
The Yakataga fold and thrust belt play consists of 
intensely folded and thrust-faulted strata overlying the 
westem portion of the Yakutat tenme between Icy Bay 
and the Ragged Mountain-Kayak zone (fig. 114). A 
variety of structural and stratigraphic traps are present in 
this play, although the primary traps are areally 
extensive fault-bounded anticlinal struchnw of late 
Pliocene and younger age that strike southwest across 
the continental shelf and upper slope (fig. 27). To date, 
ten exploratory wells have tested offshore anticlinal 
structures in the Yakataga fold and thrust belt play. The 
results have been unfavorable. 

The source rock potential of the Yakataga fold and 
thrust province was evaluated using data h m  the 
ARCO OCS Y-0007 No. 1, Texaco OCS Y-0032 No. 1, 
and Exxon OCS YM)80 No. 1 wells. These wells 
penetrated the Yakataga Formation and sampled upper 
Paleogene to early Neogene strata of the Pod Craek 
Formation. Rocks underlying the Poul Creek Formation 
were not tester1 by drilling in the Yakataga fold and 
thrust belt. The source rock potential of strata 
underlying the Poul Creek Formation is extrapolated 
from data acquired from the ARCO OCS Y a l l  No. 1 
well, located 75 miles s o u ~ t  of the Pamplona zoae 
on the eastern, relatively undeformed segment of the 
Yakutat terfane. 

The Yakataga Formation does not appear to be a 
possible source rock in the offshore Yakataga fold and 
thrust play. Organic material in tbe Yakataga Formation 
is immature to moderately immature with respect to 
hydrocarbon generation, with thermal alteration mdex 
(TAI) values of 1+ to 2-. The kerogen piesent is 
predominantly reworked and recycled humic organic 
material. The TOC content of the formation is poor, 
ranging from an average of 0.25 percent in the eastern 
part of the play (OCS YM132 No. 1 well) to 0.47 
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percent in the OCS Y4080 No. 1 well seaward of 
Kayak Islaad. 

Analyses of Poul Creek Formation well cuttings for 
source rock potential have been generally disappointing. 
The thermal maturity is generally low, and TOC values 
are poor to marginal (0.5 to 0.6 percent). Tbe kerogen 
recovered from this deepwater marine deposit appears 
to be largely recycled humic organic material. However, 
late Miocene strata between 9,100 and 9,160 feet in the 
OCS Y4080 well exhibit fair to good source potential. 
A cutting sample from this section contained 1.97 
percent TOC and exhibited a generative potential of 
1,897 ppm of C15+ total extract. The kerogen includes 
amorphous, hethacen~~s, md woody materid, and is 
modmately immature to moderately mature (TAI = 2- to 
2). This interval may be equivalent to a middle to late 
Miocene organic-rich Poul Creek facies W b e d  by 
Armentrout (1983b) in the Robinson Mountains 
proximal to the Yakataga shelf, and to a late Miocene 
organic-rich facies reported h m  outcropn m Knyat 
Island and the adjacent Katalla district (Platker, 1971, 
1974; Miller, 1975; Rau and others, 1977). Unpublished 
industry data show high TOC (>4) and type1 andll 
kerogens onshore (Turner, persooal commun., 1992). 
The stratigraphic section equivalent to this orgsnic-rich 
interval is not present in the OCS Y4CMYl and OCS 
Y-0032 wells, but some may be present at the 
unconformity in the OCS Y m l l  well. 

The middle to late Eocene Kultbieth Formation or 
equivalent strata, including the Tokun, Stillwater, and 
Haydon Peak Formations, appear to be the most Likely 
hydrocarbon source beds in tbe~ Yakataga fold and tluwt 
belt. Although untested on the Yakataga shelf, Kulthicth 
Formation strata penetrated in tfie OCS Y.0211 well on 
the adjacent Yakutat shelf cantah& many &c-rich 
intervals with TOC vPhies of 1 .O to 2.0 percent 
(fig. 102). Tha genetic potential wm relatively low for 
most of this section, although several samples bad 
S1 +S2 potentials greater than 2,000 ppm, a value 
considered necessary for oil generation (Ti& a d  
Welte, 1984). Maximum CIS+ extractable 
hydrocarbons of 650 ppm were obtained fiom middle 
Eocene strata between 13,100 and 13,460 feet. Tbe 
organic material in the Kulthieth Formation appears to 
be a mixture of recycled organic m k r ,  type XU 
kerogen, and less abundant type II kerogm (fig. 103). 

A critical uncertainty with respect to tbe generation and 
expulsion of hydrocarbons fiom organic-rich facies of 
the Kulthieth Formation in the Yakataga fold and thnrst 
belt is the thermal maturity of these sediments. Pwl 

Creek and Yakataga strata (late Eocene and younger) 
sampled to a depth of 17,921 feet m the OCS Y4007 
No. 1 well are immature to marginally mature, 
indicating that the top of the oil window is relatively 
deep. The stratigraphic relatiamhip of the Kultbieth 
Formation to these younger units provides a lower limit 
on the degree of maturation of Kultbieth strata, and 
suggests that this formation is at least moderately 
mature, and could be mature to overmature at depth. 
However, because of the structural complexity of the 
Yakataga fold and thrust belt, thermal maturity is 
expected to fluctuate areally within all of the lithologic 
units. 

Strata of early to middle Eocac age which ars assumed 

to underlie the Kulthieth Formation are d k e l y  to be 
potential source rocks in this play. These rocks are 
tentatively correlated to the Oily Lakc siltstone ollshozc, 
and to early to middle Eocene deepwater marine strata 

in the OCS Y a l l  well on the Yakutat shelf to the east 
(Lithostratigiaphy chapter). Altbugh tbo Oily Lake 
siltstone has been considered a source fbr large 
hydrocarbon seeps onshore m tbe Samovar Hille 
(Plafker and Miller, 1957; Plafker, 1989, ofihote, in 
the OCS Y-0211 well, it appearar to bave very lbw 
genetic potential. Pyrolysis of cuthgs fiom these strata 
yielded S1 + S2 values that average leas than 250 ppm 
(fig. 102). 

Potential reservoir rocks in the offshore Yakataga fold 
and thrust belt occur primarily in the Yakataga and 
Kulthieth Formations. Althougb come-grained facia 
are present locally within the Poul C d  Formation, it 
appears unlikely that these camwgmined units are of 
sufficient volume and distribution to represent 
prospective reservoir objectives. 

The distribution of potential reservoir strata within the 
Yakataga Formation on the Yakutat tettane varies 
genedly as a hction of the dktanm h m  source ereas 
in the coastal mountains to the wrtheast (fig. 72). In 
offshore wells in the Yakataga fold and tfvust play, 
coarse-pined sediieata make up from 3 percent (OCS 
YMM9 No. 1 well) to 29 percent (OCS Y-0035 No. 1 
well) of the total volume of these strata. P o m i t i ~  
calculated from density logs are high, ranging up to 35 
percent for shallow sandstones (<3,000 feet), and as 
high as 15 to 25 percent for deeper feservoir strata 
(7,000 to 12,000 feet). Permeabilities derived from 
conventional cores display moderate to good reservoir 
potential, with typical v d w  of 100 to 500 millidarciea 
for coarse-grained with XI percent or greater 
pormity. The m t  prospective  oh are fibimd in 



the lower Yakataga Formation, where the beds are also 
in close proximity to underlying potential source rocks. 
The lower Yakataga Fonnation colltains a high 
percentage of primary and reworked marine sandstones 
which have higher porosities and pefmtabilitiea than the 
glaciomarine sandstones of the upper Yakataga 
Formation. However, the porosity of the lower 
Yakataga sandstones has been diminished by the 
physical and chemical alteration of unstable mineral 
grains with increasing depth of burial. 

The reservoir potential of the Kulthieth Formation and 
equivalent facies of the Tdnm and Stillwater 
Formations, which were not penetrated by wells on the 
Yakataga ehelf, is inferred &om c a w  and log 
measurements from the OCS Y m l l  well on the 
Yakutat platform, and from onshore wells and surface 
exposures. Onshore stratigraphic relatianships indicate 
that sandstone facies of the Kulthieth Formation give 
way to the west to shale facia of the TokunStillwater- 
Haydon Peak Fnrmationa (fig. 89). Thin trend is in 

agreement with a northeast onshore proveamme for tbese 
sediments (Lithostratigraphy chapter). Extrapolating this 
relationship offshore, the reservoir potential of Eoceae 
rocks underlying the Yakataga fold and thrust belt is 
assumed to diminish to the d w t s t .  The relative 
abundance of coarse-grained sediments is estimated to 
range from 25 percent in the vicinity of Icy Bay, to less 
than 5 percent in the southwestern tw&hirds of the play. 

Kulthieth sandstones are typically fine grained, arkosic, 
and micaceous. In the OCS Y-0211 well, diagenesis and 
compaction have significantly reduced primary porosity 
and permeability (Reservoir Rocks chapter). 'Lhese 
sandstones have good porosity down to 12,000 kt ,  but 
permeabiities are commonly less than 10 millidarciies. 
Below 12,000 feet, permeability in Kulthieth sadstones 

is effectively absent. If a similar relationship between 
permeability and depth exists in deeply buried Kulthieth 
equivalent sandstones in the Yakataga fold and thrust 
belt, the reservoir potential of these strata in this play 
would be negligible. However, the potential fbr 
secondary porosity from the dissolution of feldspnr and 
volcanic lithics allows for the possibility of local 
reservoirquality facies. 

Large, fault-bounded anticlinal structures provide more 
than 200 square miles of structural closure at the base of 
the Yakataga Formation and constitute the primary 
potential trapping mechanism in the Yakataga fold and 
thrust play. Development of tbese structuma appeats to 
have occurred primarily in latest Pliocene and 
Pleistocene t&, in pak corocurrent with the estimated 

time of expulsion of possible hydrocarboas &om 
underlying Eocene source beds. Lopatin modeling using 
estimated paleogeothermal gradients indicates that 
hydrocarbon generation is most likely to haw begun by 
middle to late Neogene time. The migration of such 
hydrocarbons would be controlled largely by thrust 
faulting. This model is supported by he relationship 
between seeps and faults in the onshore extension of this 
play (Bruns, 1988). 

In summary, Yakataga Formation sandstone reservoirs 
within thrust-faulted anticlinal stiucturea remain the 
most promising exploration target in the Yakataga fold 
and thrust belt play despite the lack of success of wells 
drillcd in thcsc structures to dab. The quality and 

distribution of potential source rock, reservoir rock, 
traps, and seals appear favorable for the entrapment of 
hydroo~ibona. The timing of thcnnal maturity and 

subsequent migration of hydrocarbons with respect to 
trap formation is not tightly coastrained by available 
data, but also do- not appear ta bo a ~h9traiot. Thc 

lack of exploration success in this play may k due in 
part to the extreme structural complexity of the area. 
Large imbricate thrust faults that may serve as migration 
routes for hydrocarbons also may be conduits for 
hydrocarbon escape via seafloor and surface seeps. 

The Eocene sandstones of the Kulthieth-Tdnm- 
Stillwater system constitute a secondary exploration 
objective in the offshore Yakataga fold and thrust belt 
play. Possible structural and stratigraphic traps within 
this interval are obscured beneach a thick Oligocene and 
younger clastic sedimentary section, but are assumed to 
include many of the same trapping mechanisms observed 
in the overlying Yakataga Fonnation. The potential for 
the migration of expelled hydrocarbons into Kdthieth 
reservoir rock is high, as soutce aad reservoir rock are 

found within the same stratigraphic mterval. 'Ibe quality 
and areal distribution of raervoir rock may limit the 
potential of this exploration target. In addition, Eocene 
exploration targets are present at depths that are 
presently unfavorable because of logistics and drilling 
costs. 

Yakutat Shelf Play 
The Yakutat shelf play encompasses the eastern, 
relatively undeformed offshore segment of the Yakutat 
terrane, and extends 230 miles from the Pamplona zone 
on the west to the seaward extension of the Fairweather 
fault at the entrance to Cross Sound (fig. 115). Tbe 
prospective strata of tbe Yakutat sbelfplay were 
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sampled by the ARC0 OCS Y-0211 No. 1 well, which 
was drilled on a Paleogene high on the central shelf 
south of Yakutat Bay. The OCS Y-0211 well pem&akd 
17,450 feet of Eocene to Quaternary clastic sedimentary 
strata and bottomed in igneous rocks that mark 
economic basement. Althou* not a commercial 
success, the OCS Y-0211 well demonstrated that strata 

are present that possess moderately favorable 
characteristics for the generation and entrapment of 
hydrocarbons under the Yakutat shelf. 

Early Pliocene and younger strata of the Yakataga 
Formation do not appear capable of gemrating 
hydrocarbons within the Yakutat sheIfplay. Organic 
matter from the Yakataga mtervd in the OCS Y4211 
well is largely recycled and is thermally immature. The 
TOC content is less than 0.5 percent, and the genetic 
potential as indicated by pyrolysis is low. The Yakataga 
Formation attains a maximum stratigraphic t h i c b  
southwest of Icy Bay, at tbe northwestern margin of the 
plny, where seismic-reflect- datr reveal a 
16,000-foot-thick section (fig. 15). Lopatin modeling of 
this expanded Yakataga section indimtea that strata at 
the base of this interval have not attained sufficient 
thermal maturity to generate poteatid hydrocarbaas. 

Organic matter extracted from well cuttings and cores 
from the deep-marine Poul Creek Formation in the OCS 
Y m 1 1  well consisted predominantly of thermally 
immature, recycled woody and herhitic material. 
Although the TOC content of this interval ranges fiom 
0.5 to 1.5 percent, the @c potential ( S I + Q  is poor, 
averaging about 500 ppm (fig. 102). This kerogea 
yielded a hydrogen index of less than 100 milligrams of 
hydrocarbon per gram of TOC. If more favorable 
organic material is present in the Poul Creek Formation 
in the deeper, northwest portion of the play, where Pod 
Creek strata are estimated to be in part thermally 
mature, mcks of this formation might have source 
potential. 

The Eocene Kulthieth Formation appeats to have 
moderately good source rock poteatid at the OCS 
Y-0211 well. The hydrocarbon potential of this section, 
summarized briefly in the discussion of the Yakataga 
fold and thrust belt play, is largely dependent on the 
genetic potential of the incorporated organic matter. 
Samples from this section are tich in type HI kerogen 
and lesser quantities of type IJ kerogea, but commonly 
display pyrolytic genetic potentials of less than 2,000 
ppm, the value considered necessary for substmtial oil 
generation. However, seved  well cldting samples and 
core chips from the 10,000 to 1 2 , ~ f ' o o t  interval (late 

middle to early late Eocene) in tbe OCS Y4211 well 
exhibited a more favorable combination of organic 
richness and genetic potential (fig. 102). TOC values for 
this interval ranged up to 2.0 percent, and the genetic 
potential of several samples exceeded 3,000 ppm. 
Sediments from this prospective section (10,000 to 
12,500 foet) are marginally thermally immature at the 
OCS Y-0211 well, where the top of the oil window 
occurs at about 12,500 feet. Northwest of the well, in 
the structurally deeper portion of the play, (his 

prospective interval is projected to be within tbe oil 
window. 

The section below 14,000 feet in the OCS Y-11 well 
includea atrata of the lower Kultbicth Formation and the 
Oily Lake siltstone equivalent. Although cuttings 
analyzed from this section yielded an insufficient 
pyrolysis r e e v e  to qualify as potential source rocks, 

Lopatin modeling suggests that the organic math in this 
early to middle Eocene section has reacbed an optimal 
level of maturity for potential hydrocPrbon generation 

(fig. 105). 

As in the Yakataga fold and thrust belt play, potential 
reservoir rocks in the Yakutat &Ifplay occur in both 
the Yakataga and Kulthieth Formations. b g d d  
sediments are estimated to make up from 80 percent of 
the Yakataga Formation on tbe inaer Yakutat shelfnear 
Dry Bay, to less than 10 percent on tbe d m ,  outer 
margin of the play (fig. 72). This distnhtion is 
consistent with a sediment source in the coastal 
mountains to the northeast, and suggests tbat the 
Yakataga Fotmation may lack sufficient saodstcmes to be 
a reservoir objective in the southern play area. In the 
OCS Y-0211 well on the outer central Yakutat shelf, 
Yakataga sandstones are thin and compose only 
8 percent of the 4,200-foot-thick section. Rc8emoir 
characteristics of Yakataga saodstwes in this well were 
difficult to estimate from well logs dw to tbe 
washed-out condition of the borehole, but are presumed 
to have properties compnrable to tbe Yakataga 
sandstones of the Yakataga fold and thrust belt play. 

Kulthieth sandstones make up as much as 50 percent of 
the formation along the inner sheIfm Yakutat Bay, 
but may grade laterally into tbe shale facie8 of the 
TokunStilhvater-Haydon Peak Formations along the 
outer, southwestern margin of the shelf (fig. 89). The 
Kulthieth Formation is largely a h t  east of the 
Dangerous River wne, which is interpreted to represent 
the northern and eastern shelf margin of the Pnleogem 
basin. Kulthieth sandstones in the OCS Y4211 well 
constihlte about one-third of the formation and rue 



interpreted to be s u b m a ~ e  fhn andlor outer shelf/ 
slope-break deposits that prograded northwest along the 
paleobasin axis. The paleodispersal d i t i o n  of tlrese 
sediments at the OCS Y4211 well and the lateral 
distribution of correlative coeuse-grained sediments in 
adjacent onshore wells suggest that Kulthieth sandstones 
may occur far offshore along the western flank of the 
Dangerous River zone. 

Kulthieth sandstone porosities derived from well logs 
and conventional cores from the OCS Y4211 well have 
favorable reservoir characteristics and range from about 
12 to 26 percent. However, the permeability is low, 
commonly less than 10 millidarcies. The permeability of 
Kulthieth sandstones has bccn significantly reduced by 
the compaction of ductile mica grains, and by the 
alteration of feldspars to pore-bridging authigenic clays 
(Reacrvoix Rocks cbapter). At burial &piha below 
approximately 12,000 feet, Kulthieth sandstones dn not 
exhibit effective permeabiiity. In the OCS Y-0211 well, 
Kulthieth sandstones with marginal iessrvoir potential 

occur in a 1,100-foot-thick intervalnear the top of the 
section. Some sandstones in this section have thicknesses 
of 50 to 150 feet and display porositiee of greater than 
20 percent and potential permabilities of 10 to 
20 millidarcies. Conventional core no. 2 from this 
section (8,691 to 8,748 feet) displayed visible 
hydrocarbon staining. Subsequent quantitative analysea 
of this core indicated residual oil saturations of 0 to 
27.3 percent (Core Laboratories, 1983). 

Trapping mechanisms on the Yakutat shelf are subtle 
compared to the extensive and complex thrust and fold 
features that characterize the colltimntal margin to the 
west. Potential structural and stfatigraphic trap ate 
controlled primarily by regional and local basement 
subsidence, paleotopography, lateral ficies cbmges, 
and, to a lesser degree, faulting. Potential traps in the 
Yakutat shelf play are recognized in association with 
three principal features: (1) the Dangerous River zone, 
(2) the Fairweather Ground rift zone, and (3) the West 
Yakutat subbasin (fig. 28). 

The Dangerous River zone and superimposed F'aleqene 
basement high are updip bamers to the migration of 
hydrocarbons from possible Kulthieth source rock in the 
West Yakutat subbasin. Updip pinch&, down-to- 
the-basin fault seals, and structural drape over basement 
highs are potential trapping mechanisms along this 
trend. Traps east of the Dangerous River zone, 
including the cast flank of the Palaogene basement high, 
are not particularly praqective because of the absence 
of mature Paleogene source rock. 'Ibe northern, anshore 

extension of the Dangerous River zone was tested 

unsuccessfully in wells on the east and west sides of 
Yakutat Bay, where a predominantly continental section 
was penetrated (Plafker, 1987). However, the petroleum 
potential of the Dangerous River zone probably 
increases offshore, where the Paleogene section is 
thicker and more matine. 

The Fairweather Ground rift zone contains up to 
6,000 feet of predominantly Eocene strata deposited 
within a fault-bounded elongate, Paleogene subbas'in 
(fig. 30). Potential traps in the rift zone include 
down-to-the-basin fault traps, updip pinch& against 
acoustic basement, strata above intra-basinal horsts, and 
possibly coarse-grained clastic aedha ts  deposited 
adjacent to positive basement structures. Although 
sediments within the rift zone are not likely to be 
thermally mature, hydrocarbons may have migraM into 

the subbasii from deeply buried Paleogene sowce beds 
downdip to the northwest. Potential Paleogene source 
b d a  underlying the notthwcst portion of thc Yakutat 

shelf are estimated to bave entered the oil window by 
the middle to late Miocene, subsequent to the formation 
of potential trapping structures in the Fairwesther 
Ground rift zone. The presence of numerous M t s  that 
bisect the rift section may be unfavorable for the 
entrapment of hydrocarbons, as they may provide 
avenues for escape as well as migration. 

Strata in the West Yakutat subbasin, west of the 
Dangerous River zone, are largely undeformed. 
However, the association of potential source and 
reservoir beds, seals, and the favorable timing fix the 
maturation of hydrocarbons are conducive to the 
formation of stratigraphic trapping mechanisms. 'Ihe 
lower Yakataga Formation may contain the mast 
promising targets in this subbasin. In this section, 
coarse-grained sediments with good reservoir qualities 
are interbedded with he-grained clastica. Hydrocarbons 
may be trapped in updip pinch-outs of porous hcies, or 
in subtle structural closures. Tbe timing of hydrocarbon 
generation appears fivorable, as potential Paleogene 
source beds are estimated to have entered the oil 
window during the middle to late Miocene near the 
basin depocenter, and at progressively later timea on the 
basin flanks. Based on the thermal maluration history of 
the OCS Y-0211 well, potential Eocene source rocks are 
presently at peak levels for hydrocarbon generation at 
depths of approximately 12,500 to 15,500 feet. 

Sandstones of the Kulthieth Formation are a secondary 
stratigraphic target in tbe West Yakutat subbasin. The 
trapping mechanisms in this section are similar to tlmse 

238, G u l f ~ A l a s K a  Geologic Report 



of the younger Yakataga Formation. Tbe reservoir 
potential of Kulthieth sandstones may be greatest on the 
northern flank of the subbasin between Icy and Yakutat 
Bays, where coarse-graiaed elastics are estimated to 
compose up to 50 percent of the section. Although the 
reservoir quality of the Kulthieth sandstones is marginal, 
these rocks are interbedded with potential source rocks. 
Because of this, a significant potentid exists for 
enhanced secondary porosity and permeability to have 
developed from acidic fluids associated with 
hydrocarbon generation and migration. This possibility 
is supported by the Phillips Sullivan No. 1 well, located 
onshore just east of Icy Bay, which tested at 15 barrels 
of oil per day from the Kulthieth Formation (Phillips, 
1954). The Kulthieth Formation is not considered a 
favorable target on the southwest flank of the s u b h h ,  
where the sandstone is believed to be replaced by a 
shaly facies. 

Subducting Terrane Play 
The subducting terrane play, described by Platker 
(1987) and Bruns (1988), involves the tectonic 
interaction between the western margin of the Yakutat 
terrane and the Prince William terrane to the west 
(fig. 114). The Yakutat terrane is moving northwest in 
conjunction with the Pacific plate, and sedimentary 
strata are being subductcd beneath, and in pmi 
offscraped against, rocks of the Prince William terrane 
at the Kayak zone. A regional d€collement separates 
strata of the subducting Yakutat terrane h m  rocks of 
the overlying Prince William terrane (Griscom and 
Sauer, 1990; Brocher and others, 1991) (fig. 116). 
Neogene and Quaternary strata of the Yakutat terrame 
west of the Pamplona zone are detached at the 
dhollement from underlying strata and are presently 
being deformed and accreted to the Prince William 
terrane. The intracrustal dhllement appears to extend 
from the Pamplona zone west beneath the Kayak zone, 
and is inferred to underlie Prince William Souod. Tbe 
Kayak zone may represent a subsidiary thrust or thrusts 
originating from the principal h l l e m e n t  (Griscom and 
Sauer, 1990; Brocher and others, 1991). 

If this tectonic model is correct, Palcbgene strata of the 
Yakutat terrane are present at depth beneath the Kayak 
zone and to the west below clefarmed m e h d k a t s  of 
the Orca Group (fig. 116). The underthrust section is 
inferred to include Eocene sedbeats that exhibit 
hydrocarbon source potential in plays to the cast. 
Hydrocarbons generated from subducted Bocene rock 
may be trapped beneath nonpermeable rocks of the Orca 

Group andlor migrating upsection along the principal or 
subsidiary thrust faults. The general association between 
hydrocarbon seeps and fault zones at the northem, 
onshore extension of the Kayak zone suggests that these 
faults are acting as conduits for the migration of 
hydrocarbons. A petroleum seep originating h m  rocks 
of the Orca Group west of the Ragged Mountain fault 
provides evidence for a minimum of 4 miles of 
underthrusting of Eocene and older strata along the 
Kayak-Ragged Mountain zone Crysdal and others, 1976). 

The initiation of subduction of Paleogene source rock 
along the northwestern margin of the Yakutat terrane is 
constrained by the timing of the collision and 
underthrusting of this part of the terrane with southern 
Alaska. Collision of the noahwe&m edge of the 
Yakutat terrane had c o m m d  by lab ~~, as 
conihned by the uplift of the Chugach Mountains and 
Fairweather Range, the initiation of alpine glaciation, 
and subsequent glacial-fluvial sedimentation on the 
continental shelf (Geologic History cbapter). Potential 
Paleogene m r c e  rock at the leading edge of the Yakutat 
terrane may have reached thermal maturity by latest 
Miocene or early Pliocene time. Assuming a geothermal 
gradient of about 1.37 9 per 100 feet, Paleogene source 
rocks would have to be buried to 13,000 to 16,500 ftet 
to have attained sufficient thermal maturity to p r a t e  
hydrocarbons @runs, 1988). Migration is assumed to 
have commenced soon after thermal maturity. 

Drilling constraints limit the ofbhore area of economic 
potential of the subducting terrane play to the Kayak 
zone and adjacent area, where reservoir strata and 
structural t rap  occur at attainable depths. Traps in this 
area consist of intensely folded and faulted strata, 
analogous to structures exposed on Kayak Island 
(Plafker, 1974), and Paleogene strata overlain by 
overthrust impermeable rocks of the Orca Group. 
Overthrust traps may be present west of and adjacent to 
Kayak and Wingham Islands. HyQocarbon seeps near 
Wingham Island and in the northern, onshore extension 
of the Kayak m e  (Plafker, 1987) indicate that mature 
source rock is present at depth. 'Ibe seeped oil is 
migrating updip, possibly along thrust surfacee. No 
reservoir rocks are known in the Kayak zone, but 
fracture porosity in Paleogene or older strata may 
represent potential reservoirs. Tbe Katalla field, in the 
onshore extension of the Kayak zone, produced 
hydrocarbons from fracture porosity in strata of the Pod 
Creek Formation wartin, 1921; Blasko, 1976; B m ,  
1988). 
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Figure 116. Generalized cross section of the subducting t e r n  play (modified from Griscom and Sauer, 1990). See figure 114 for the location of profile A-A'. 
The lower Palmgene crust of the Yakutrt t e r n  is presently being thrust beneath rocks of the P r b e  Wiiliam terrane to the west. The upper s u h x  of this 
thrust is identified by a m g i d  decollement. 'The Pacific plate, which lk seaward of the Yakutat and Prince William terranos, is umverging obliquely with and 
subducting beneath the present North American plate margin. Hydrocarbon potential of the ofMorc part of the subducting terranc play is limited primarily to the 
Kayak zone and to deformed late Cenozoic strata to the east and southenst of this zone. 



Southeast Alaska Subbasin Play 
The Southeast Alaska subbasiio play is located in a 
structurally isolated basin west of Prince of Wales Island 
that contains up to 20,000 feet of bedded probable 
Cenozoic strata (fig. 115). Sediments in this subbasin 
have not been sampled, so assertions about the nahne 
and petroleum potential of the basin are largely 
speculative. The probable age of the basim-fill 
(Palwgene to Quaternary) is in part inferred &om a 
regional study of interval velocities derived h m  
seismic-reflection data (Seismic Stratigraphy chapter). 
Rocks underlying basidill strata are assigned to the 
Wrangellia and Alexander tectomstmtigraphic tcmmes 
(Monger and Berg, 1987). Rocks composing the 
Wrangellia and Alexander termma in southeast Alaska 
are typically deformed andlor altered, of varying 
lithology, and range in age from late Precamlxiau to 
Jurassic. These rocks have no known hydrocarbon 
potential and mark the lower limit of tbe play. 

The source rock potential of basin-fill strata in the 
Southeast Alaska subbasii is uihown. However, rare 
exposures of Cenozoic nonmarine andlor deltaic rocks 
onshore to the east have neglipile hydrocazbon pokdal 
( B m ,  1988). Nwgene and younger strata in the 
Southeast Alaska subbasii are roughly correlative with 
the upper Yakataga Formation on the Yakutat tenme to 
the north and are assumed to have similar glaciomarine 
origins md inadequate organic content for petroleum 
generation. If potential source rock is present in the 
subbasin, its distribution is likely limited to the deeper, 
Paltogene(?) section. Unfortunately, coeval racks have 
not been identified onshore nor have Pal- strata 
been encountered in wells to the south in tbe Queen 
Charlotte basin (Yorath, 1987). 

Potential reservoir rocks are likely to be present in 
Neogene and younger Yakataga Formation equivaIent 
strata in the Southeast Alaska subbasii. Tbese 
glaciomarine strata are assumed to have resemoir 
properties similar to coeval rocks on the Y h t a t  shelf to 
the north. However, the inferred Neogene and younger 
section is relatively thin in the subbasim and appears to 
be absent over the basii's eastern flank @late 4, line 
SE-2, post-UNC 4 strata). Tbe reservoir potential of 
probable Palmgene rocks is unknown. 

Assuming a simple model of constant deposition and a 
geothermal gradient of 1.43 OF per 100 feet, which is 
the average gradient observed in wells in tbe eacent 
Queen Charlotte basin (Yoradr a d  Hphmn, 1983), 
strata in the central Southeast Alaska subbasim would be 
thermally mature below approximately 13,500 feet. 
Faults of apparent wrench origin transect the basin fill 
and could provide a migration route for h y d r a  to 
migrate updip to overlying re8ervoir rock. Possible traps 
in the Southeast Alaska subbasii play include hult traps 
and uplifted fault-bound blocks. The timing of poteatid 
hydrocarbon generation and expulsion in relation to trap 
formation is uncertain, but may be unfavorable because 
of the relatively young age of the sttuctures. 

The Southeast Alaska subbasin is not a @ulatly 
attractive hydrocarbon play because it poesesses limited 
source area and relatively few trapping stn~~lum of 
significant volume. The quality, quantity, and degree of 
maturity of potential source rocks are Imlolown. 
However, additional geological information is needed 
before this play is ass+sed as having negtig'ble resource 
potential. 
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The Chitina Copper Region 

Map of the Copper River Region Showing Route of the Copper River and Northwestern 
Ry. and Location of the' Chitina Copper Belt and Other Mineral Areas. 

- 
THROUGH RAIL CONNECTIONS BETWEEN THE PORT OF CORDOVA, 

ALASKA, AND THE NEW TOWN OF CHITINA, GATEWAY TO 
THE GREAT CHlTlNA COPPER REGION, IS 

NOW COMPLETED. 

The Alaska Steamship Company 
furnishes the Fastest, Most Comfortable and Most Direct Connections 
with This Remarkable Scenic Route into one of Alaska's Newest and 
Richest Regions. 

Ocean Steamships NORTHWESTERN and ALAMEDA sail alternately on 
the 1st' 8th, 16th' and 24th of each month throughout the year. Special 
Excursion Rates to Cordova, Valdez, Seward, and Return. Address 

The Alaska Steamship Company 
SEATTLE, WASH. 

d 

From ';Qlaska-Yukon Magazine" (1908). The glaciers d e p M  on page 
244-245 are located just off map to the right ofthe Mala_Fba Glacier. 
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12. Shallow Geology, Geohazards, and Environmental 
Conditions 

Climate 
The weather of the Gulf of Alaska Planning Area is 
influenced by coastal mountain ranges and the relatively 
warm Alaska Current. Because of the contrast in 
temperature and relative humidity between the air 
associated with the Alaska Current and that of the 
adjacent continent, the Gulf of Alaska typically has 
cloudy skies, moderately heavy precipitation, moderate 
winter temperatures, and cool summer temperatures. 
The weather across the planning area is also iduenced 
by the seasonal northward and southward migration of 
the polar front to the north, and migration of stonas 
along the Aleutian storm track to the southwest. High 
mountains along the western, d m ,  and eastern 
margins of the Gulf form barrien to the passage of these 
storms, typically causing them to stagnate and dissipate. 
Storm passage is also impeded by a high-pressure ridge 
that is present in the eastern North Pacific (east Pacific 
high) during much of the year. Because of the passage 
and dissipation of these storm systems, the Gulf of 
Alaska is one of the most  logically dynamic 
places on earth (Hood and Zimmerman, 1986). 

The planning area is characterized by relatively cool 
summers and warm winters compared to interior 
continental regions at comparable high 1atihuk.s. ThiY 
climate is caused by the Alaska Current, a relatively 
warm extension of the Kuroshio Current, which 
originatcs in thc wcstcrn equatorial PacZc (fig. 117). In 
winter, the Alaska Current wamm the air and p r o w  
moisture for cloud formation. In summer, this current 
also provides moisture for cloud formation and 

precipitation, but the water mass then tends to be cooler 
than the air temperature over the adjacent landmass, 
which results in generally cooler temperatures over the 
planning area. The mean monthly air temperatures 
across the planning area for the months of January and 
July range between 28 and 39 "F, and 52 and 55 9, 
respectively (Brower and others, 1988). The extreme 
maximum and minimum air temperatures across the 
planning area for the month of January range between 
43 and 50 "F, and 4 and 21 "F, respectively; for the 

month of August the maximum and minimum 
temperatures range between 64 and 68 ?, and 46 and 
50 9, respectively (Brower and others, 1988). Table 14 
shows the mean annual maximum and minimum 
temperatures and the highest and lowest recorded 
temperatures at four stations across the planning area 
(Cape Hinchinbrook, Cape St. Elias, Yakutat, and Port 
Alexander). 

Because of the interaction between climatic and 
physiographic factors (the presence of the polar k t ,  
high bordering mountain ranges, and tk k q m t  
passage of storm systems), the Gulf of Alaska receives a 
great deal of precipitation (table 15). The hcnkmtal and 
vertical mixing of cool and relatively dry continental air 
from the north with relatively warm and moist maritime 
air from the south associated with the polar 6ront results 
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in cloud formation and precipitation. Data from 
recordimg stations across the Gulf show that precipitation 
in the form of rain, snow, or sleet occurs less than 
15 percent of the time in August to more than 40 percent 
of the time in October (Brower and others, 1988). 

Wind speed and direction are variable across the 
planning area. Data published jointly by the Minerals 
Management Service and the National Oceawgcaphi c 
and Atmospheric Administration (Brower and others, 
1988) show that the mean scalar wind speed across the 
planning area ranges from 9.0 knots (nautical miles per 
hour) in July to 19.4 knots in December. Storm winds 
commonly reach 80 knots (Wilson and Overland, 1986), 
although unusually intense storms over water m y  hnve 
gusts to 100 knots m o m ,  1968). Winds in the Gulf of 
Alaska have a slight tendency to blow in a preferred 
dimtion depending on the season and location. 
Figure 118 shows the scalar wind speed and direction of 
surface winds across the plaoning area during the 
months of January and July. In winter. the principal 
factor in determining surface wind speed and dimtion is 
the movement of lowpressure systems through t& Gulf 
(Widson and Overland, 1986). In summer, the principal 
factor is the presence of a seasonal high-pr- system 
or of weak, transient, low-pressute systems (Wi and 
Overland, 1986). Throughout the year, the nearshore 
wind field is variable owing to the presence of 
mountains that form barriers and channel onshore winds. 

The weather in the Gulf of Alaska is infi& by the 
east Pacific and Siberian highpmmre syste~m, and the 
Aleutian low-pressure system (fig. 119). nK Aleutian 
low is present 25 percent of the time, making it the 
dominant influence throughout the year (Overland and 
Heister, 1980). The Aleutian lowpressure system is 
generated by the passage of intense storms ( W i i  and 
Overland, 1986). The weather in the Gulf of Alaska is 
characterized by the passage of these storms, which 
typically have low sea-level barom&k pressure and 
associated cold fronts. Most of these storma form in the 
western Pacific near the coat of Asia where warm 
ocean currents flow adjacent to relatively cold land 
masses. These s t o m  increase in intensity as they move 
across the north Pacific gathering heat and moisture 
from the ocean surface. From October through April, an 
average of one storm every 4 to 5 days cmsw the Gulf, 
generally from west to east (Ikhmm, 1974). 'Ibese 
storm often have 80-knot winds that geoerate waves up 
to 65 feet high, and typically drop up to 300 inches of 
precipitation annually on the coastal mountains. 

During the summer, the air over the Gulf is cooler than 
over the adjacent land mass and a large highpressure 
system, the east Pacific high, forms over the ocean. Part 
of this high-pressure system is intermittently present 
year-round off the coast of California and Baja 
California, its presence due in part to the upwelling of 
cold, abyssal water. During the summer, the east Pacific 
high expands northward and reaches maximum intensity 
from June through August (fig. 1 19). 

From October through March, the weather in the Gulf 
of Alaska is influenced by the Siberian highpressure 
system. This high, which attains a maximum pressure in 
January, forms owing to the presence of very cold 
wiuter air over eastern Asia and northern Alaska. In 
winter, this bigh-pressure ridge deflects the Aleutian-low 
storm track system to the south. 

Cloud cover and fog are common in the Gulf of Alaska. 
Fog occurs in the Gulf during every month, but is most 
prevalent during the summer and enrly winter (Gn~hbs 
and McCollum, 1%8; Guttman, 1975). Cloud cover is 
greatest during July. The average number of "clear" 
days (those with less than oneeighth cloud cover) along 
the Gulf coast is four to seven per month (Gmbbs and 
McCollum, 1%8). During the summer, moist air is 
trapped near the sea surface by a low-level temperature 
inversion associated with the seasonal highpressure 
system (Wilson and Overland, I%), which results in 
persistent fog and low stratus clouds. Cloud cover in the 
winter is related to the passage of storms and the flow of 
cold, relatively dry continental air from the Alaska 
continent across the relatively warm waters of the Gulf 
(Wilson and Overland, 1986). 

Superstructure icing is a serious hazard to both drilling 
structures and vessels operating in the Gulf. Under 
unfavorable conditions, fog, rain, or sea spray will 
freeze to the superstructure of a vessel. Wilson and 
Overland (1986) categorized the Gulf of Alaska as 
having a moderate to extreme potential for icing. A 
statistical study by Borisenkov and Panov (1972) showed 
that of 3,000 cases of sea icing, 86 percent were caused 
by ocean spray. Sea icing occurs most commonly at the 
mouths of major rivers and near major glaciers and ice 
fields (Brower and others, 1988). The development of 
icing is a function of several variables, the most critical 
being when the air temperature is colder than the 
freezing point of seawater (28.9 9 at a salinity of 35 
parts per thousand)(Wilson and Overland, 1986). Other 
variables include sea temperature, wind speed, wave 
direction relative to the vessel, and the d g u r a t i o n  of 
the vessel or structure. 
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Figure 117. Schematic representation of current circulation in the Gulf of Alaska (after Muench and Schumacher, 1980). Numbers indicate the range of mean 
speed in centimeters per second and arrows represent current direction. 
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Figure 118. Scak  wind sped and direction of surface winds in the Gulf of Alaslca for the months of Jarmary and July (modified from Brower and others, 1988). 



I ALEUTIAN LOW AND SIBERIAN HIGH EAST PACIFIC HIGH I 

EXPLANATION 

Figure 119. Examples of the Aleutian low-, Siberian high-, and east Pacific Cold Front 

high-pressure systems. The contours represent sea-level pressure in m i l h i  (from Warm Front 

Wilson and Overland, 1986). )tA Ststlonary Front 

Ocean Currents 
Strong currents can affect seafloor sdhents  around 
offihore drilling structures and pipelines. Bottom 
currents can exert horizontal or vertical forces against 
structural surfaces and create eddy pattern that can lead 
to severe erosion (Gerwick, 1986). The movement of 
dynamic sediment bed forms could leave bottom- 
founded structures or pipelines unsupported. 

Surface currents in the Gulf of Alaska are part of a 
nongeostrophic wind-driven cyclonic gyre. These 

currents include the North Pacific Current (the eastward 
extension of the Kuroshio Current), the Alaska Current, 
and the Alaska Stream. Together they make up the 
Alaska Gyre (fig. 117). The Kuroshio Current originates 
in the western equatorial Paciic and flows northward as 
a western boundary current along the eastern coasts of 
the Philippine Islands, Taiwan, and Japan (Pickard, 
1963). As the North Pacific Current approaches tbe west 
coast of North America, it separatw into the southward- 

flowing California Current and the northward-flowing 
Alaska Current. The flow of the Alaska Current along 
the coast of British Columbia and Alaska is 
approximately 10 to 15 million cubic meters per second 
(Brower and others, 1988). Because it originates near 
the equator, the Kuroshio Current and its extension, the 
North Pacific Current, bring substantial heat to the Gulf 
of Alaska (fig. 117). 

The flow of the Alaska Current and the Alaska Stream 
generally follows bathymetric cantaura and is normally 
centered along the shelf break. Where major submarhe 
canyons incise the shelf (for example the Yakutat and 
Alsek sea valleys and the Amatuli Trough), the current 
follows the isobaths and flows into the canyons. Along 
the eastern and northern margins of the Gulf, the flow of 
the Alaska Current is broad and relatively slow, but 
where it turns southwestward to follow the Alaska 
Peninsula, it narrows and intensilica and become-s the 
Alaska Stream (Reed and others, 1980). Maximum 
winter velocities of the Alaska Current o h n  exceed 
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60 centimeters per second and occasionally reach 80 to 
100 centimeters per second. Direct current 
measurements on the shelf often exceed 120 centimeters 
per second (Brower and others, 1988). 

Surface Geology and Geohazards 
Geohazards data were collected by the petroleum 
industry and the USGS to study the safety of siting oil 
and gas exploration and production platfimns and 
pipelines. Seafloor hazards on the shelf include ground 
shaking from earthquakes, surface faults, gas-charged 
sediments, submarine slides, and sediment gravity 
flows. Potential geohazards between the Dixm Entrance 
and the K e ~ e d y  Entrance (fig. 120) were identified 
from high-resolution seismic-reflection data. Four 
near-surface sedimentary units with different 
geotechnicd properties were identified using grab 
samples, box cores, gravity cores, and piston cores. 
Geotechnical analyses were performed on these s e d i i t  
samples to determine their swxptiiility to failure by 
earthquake or storm wave lading. M e d  studies by 
Chase and others (1970), Woodward-Clyde Cadtants 
(1976), Molnia and Sangrey (1979), Atwood and others 
(1981), Carlson and others (1985), Hood and 
Zimmerman (1986), and Schwab and others (1987) were 
used in this analysis. 

The collision of the Pacific plate and the North 
American plate produced the Chugach, St. Elias, 
Wrangell, and Coast Mountain ranges onshore and the 
structurally complex sedimentary basins follnd offibore. 
The influence of the warm Alaska Current and the 
progressive uplift of these coastal mountain ranges 
brought about coastal marine glaciation. Glacial and 
glaciofluvial processes eroded large quantities of rock 
and transported the sediment to the continental shelf. 
These rapidly deposited sediments are typically 
underconsolidated and exhibit high pore pressure. 
Offshore, earthquakes, crustal deformation, sod intense 
winter storm activity bave destabilized parts of the 
Holocene glacial marine and mmnal marine sections, 
producing submarine slides. 

Bathymetry and Geomrpbdugy 

The Gulf of Alaska extends for over 800 miles from 
Dixon Entrance in southeast Alaska to the Kennedy 
Entrance in the west (fig. 120). The width of the shelf, 
as defined by the 200-meter batbymetric contour, ranges 
from approximately 20 miles in southeast Alaska to over 
100 miles west of Kayak Island. Tbe average slope 
gradient between Cross Sound and Mootague Island is 

about 0.15 degrees from the shoreline to the shelf break 
(Atwood and others, 198 1). The main physiographic 
features on the shelf are seavalleys and structurally 
controlled topographic highs (fig. 121). 

The morphology of the shelf reflects recent tectonic and 
glacial processes. Over 34,000 square miles of glaciers 
are present onshore. Major ice masses inchde the 
Hardiig and Seward ice fields, and the Bering, Guyot, 
Malaspina, Hubbard, Turner, Fairweather, Grand 
Plateau, and La Perouse glaciers (fig. 121). These ice 
masses presently flow out from the Kenai, Chugach, 
Wrangell, St. Elias, and Coast Mountain ranges, 
generally following the routes of glacial flow during the 
last major glacial advance in the late Pleistocme. 

During the last low stand of sea level (late Pleistocene), 
these glaciers extended onto the shelf and carved large 
seavalleys (Carlson and others, 1978; Molnia and 
Sangrey, 1979). These seavalleys are, from east to west, 
the Yakobi Seavalley, Alsek Seavalley, Yakutat 
Seavalley, Bering Trough, Kayak Trough, Egg Island 
Trough, Hinchinbrook Seavalley, and the Amatuli 
Trough (fig. 121). Evidence for the glacial origin of 
these features includes theiu U-shaped cross sections, 
till-like sediments along the valley walls, and low-profile 
terminal or recessional moraka at their distal ends at 
the shelf break (Carlson and others, 1982). Smaller, 
morphologically similar glacial chanuela are present 
offshore south of the coastal glaciers (Molnia and 
others, 1980) and are filled with late Pleistoceae and 
Holocene sediment. 

Structural uplift in the late Cenozoic formed topographic 
highs on the shelf that influenced the flow of glacial 
lobes (Carlson and others, 1982). Some of the highs 
are the Learmonth Bank, Fairweather Ground, 
Pamplona Ridge, Kayak Island, Middleton Island, and 
Tam Bank (Atwood and others, 1981) (fig. 121). 
High-resolution seismic data and shallow cwing indicate 
that many of these features are made up of Neogene or 
Paleogene rocks. 

Surficial Sediment and Bedrock Outcrops 

Four broadly d e b 4  glacial marine and normal marine 
sedimentary units, predominantly components of the 
Yakataga Formation (Miocene to Holocene), bave been 
mapped on the shelf between Cross Sound and 
Montague Island (Carlson, 1976; Pla&er aad A d d i i  
1976; Woodward-Clyde Consultants, 1976; Molnia and 
Carlson, 1978; Carlson and others, 1980). 'km 
broadly defined sedimentary units are: (1) Holocene, 
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Fir& 120. Generalized bathymetric map of the Gulf of Alaska continental shelf and slope. The isokths are in meters (modified from Chase and others, 1970; 
Atwood and others, 1981; Seeman, 1982; Carlson and others, 1985; and Hood and Zimmerman, 1986). 
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Figure l22. A r d  extent of the four near-surface sedimentary units of the Gulf of Alaska continental shelf and slope (modified from Molnia ,1977; Molnia and 
Carlson, 1978; and Molnia and Sangny, 1979). 



normal marine deposits (NMD); (2) Holocene 
end-moraine deposits (EMD); (3) Quaternary glacial 
marine deposits (GMD); and (4) Tertiary through 
Pleistocene rocks (fig. 122). These n e a r d a c e  units 
(fig. 123), were identified in the Sale 39 area (fig. 67) 
and are not present over the entire Gulf of Alaska 
Planning Area. The Tertiary through Pleisbxne unit 
includes portions of the Yakataga Formation and older 
rocks found beneath the shelf. 

The geotechnical properties of these near-surf~ce 
sedimentary units must be considered in the design and 
subsequent installation of fixed offshore structures. Even 
on very gentle slopes, offshore stmctwes should nd be 
sited on thick accumulations of normal marine deposits 
because these sediments are msceptible to sediment 
slides and sediment gravity flows. Data from shallow 
cores in the Gulf of Alaska (Woodward-Clyde 
Consultants, 1976) indicate that normal marine deposits 
are poorly consolidated and contain a high percentage of 
water. Sediments that are saturated with water have a 
low bearing capacity and are susceptible to slope failure, 
even on slopes of less than 1 degree. Potential 
geohazards associated with glacial marine degmits 
include sediment slides and pockets of gas in permeable 
strata. 

The volume of sediment being ttansported into the Gulf 
today is a primary reason for taking p m x u t i ~  
methods before siting offshore shwtures. Modem 
sedimentation began between 10,000 and 15,000 yean 
ago. The Gulf of Alaska shelf, excluding the area 
southeast of Cross Sound, may have the highest 
sedimentation rate in the world (Hampton and others, 
1986). Holocene normal marine sedimentation rates in 
the Gulf can be as high as 29 milheters per year 
(Molnia, 1983b). The high sedhmtation rate in the 
Gulf is the result of ongoing glaciation, high 
precipitation, and active tactonism. The Copper and 
Alsek Rivers and many glacial outwash streams carry 
large volumes of sediment onto the continental shelf, 
where it is distributed by the prevailing unmter- 
clockwitie currents of the Alaska Stream. Tbcsc poorly 
sorted, Holocene normal marine d i t s  are 
characterized on seismic- reflection profiles by patallel, 
relatively horizontal reflectors, except where they have 
been disturbed by gas, sediment slumps, or slides 
(fig. 124). 

A progradational wedge of normal marine fine sand to 
clayey silt extends from the littoral m e  to the. outer 
shelf edge, except on portions of uplifted blocks where 
storm waves and strong bottom currents prevent 

sediment accumulation. High-res01ution seismic profile 
in figure 123 illustrates the absence of these finegrained 
deposits on the Icy Bay structure. Cores taken on the 
flanks of the structure reveal a 6 to 63-foot-thick 
section of normal marine deposits (WoodwardClyde 
Consultants, 1976). The consistency of these silty clays 
varies from very soft at the seafloor to finn at depth, 
with the upper surface clays being water saturated 
(Woodward-Clyde Consultants, 1976). 

Holocene sedimentary deposits east of the Alsek 
Seavalley and southeast of Lituya Bay are thinner than 
those to the west (Molnia and Carlson, 1980). Between 
Cross Sound and the Dixon Entrance, the maximum 
sediment thickness is typically less than 100 feet, Ia the 
central Gulf, similar deposits are about 300 feet thick 
(Molnia, 1977). West of Montague Island, Holocene 
sediments are approximately 200 thick (Ham*, 
1983). 

Holocene end moraine deposits consist of poorly sorted, 
unstratified silt, sand, gravel, and clay. These ad 
moraines are located at the mouths of Lituya Bay, Icy 
Bay (Molnia, 1977), Yakutat Bay (MoInia, 1979), and 
seaward of the Bering Glacier (MoInia and Carlson, 
1980) (fig. 122). Late Pleistocene momks have been 
identified on the shelf near the Yakobi, Alsek, and 
Yakutat Seavalleys, the Bering and Kayak Troughs, the 
Hinchinbrook Seavalley, and the Amatuli Tmgh  
(Carison, 1989). This unit is characterized on seismic- 
reflection profiles by disordered reflections (Carlson, 
1976). 

Moraines mapped by Thrasher and Turner (1980) were 
also described in site-specific studies done by Nektm, 
Inc. (1982), in the Sale 55 area for the ARC0 OCS 
Y-0211 No. 1 well. The local relief on these features is 
between 10 and 20 feet, the lateral extent about 1,000 
feet. The morainal ridges are wmposed of consolidated 
glacial till, so their suscep&ility to slope failure is 
moderately low despite their relatively steep slopes. 

Glacial marine deposits underlying the Hol- normal 
marine sediments were deposited during the last glacial 
advance (fig. 123) (Molnia and Carlson, 1980). These 
deposits may include glacial till, moraiues, and outwash 
sediments (Woodward-Clyde Consultants, 1976). On 
seismic lines, these glacial marine deposits appear as 
continuous to discontinuous, flat-lying to slightly 
irregular reflections except on top of the structural 
highs, such as the Icy Bay structure, where the 
reflections are discontinuous because the s d i n t s  have 
been reworked into ridges and mounds (fig. 123). 
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Figure 124. A minisparker profile that shows gas-charged sediments and slump features south of the Copper River delta (Carlson, 1976). 



Postdepositional winnowing b m  severe storms 

produced lag deposits of sand and gravel north and west 
of Tarr Bade and between Kayak bland and Ctoss 
Sound (Molnia, 1983a) (fig. 122). Glacial marine 
d e p i t s  are typically firm and are not often involved in 
sediment slides except on steep slopes on the continental 
slope. Small pockets of low-pressure gas are f d  in 
gravels at the base of the unit (WoodwardClyde 
Consultants, 1976). 

The oldest described outcropping on the shelf is 
composed of semi- to well-indurated Pleistocene 
deposits of silty clay, gravel, and sand 
(Woodward-Clyde Consultants, 1976), and older 
sedimentary rocks that are Paleogene in age (MoInia and 
Carlson, 1978). These rocks are exposed in the 
Hinchinbrook Seavalley and on the bathymetric highs of 
the Fairweather Ground, Tarr Bank, and offshore of 
Montague Island, on the Middleton and Kayak Island 
platforms, and on Pamplona Ridge. On a hi&-resolution 
seismic-reflection profile across the Icy Bay structure, 
the Pleistocene and older rocks below the glacial marine 
deposits appear as irregular, discontinuous reflections. 
Some of these reflections appear to be steeply dipping 
(fig. 123). Sediments obtained from coring had a water 
content of less than 20 percent and a shear strength 
greater than 2.5 feet per square ton. The relatively high 
structural integrity of these sediments is in part due to 
glacial loadiig and depth of burial (WoodwardClyde 
Consultmts, 1976). 

Sediment Slumps and Sediment Gravity Elaws 

Marine geokchnical studies on the Gulf of Alaska 
continental shelf identified numerous areas of slope 
iustab'iity on slopes between 0.5 and 1.3 degrees 
(Carlson, 1978; Carlson and others, 1978; Hampton and 
others, 1978; Molnia and Sangrey, 1W9; .%wab d 
Lee, 1988). Major areas of slope instability are present 
south of the Copper River prodelta, Bering Glacier, 
Malaspina Glacier, Yakutat Bay, and Alsek prodelta. 
and on the continental slope south of the Pamplm zone 
(fig. 125). The high rates of shelf and slope 
sedimentation in these areas contribute to unstable 
near-surface conditions. 

Carlson and Molnia (1978) showed tbat slope Mures 
typically occur within thick sections of relatively 
unconsolidated Holocene normal marine sediments on 
the shelf. These recently deposited clayey silts have 
water contents between 35 and 45 percent (Lee and 
Schwab, 1983) making them highly susceptible to cyclic 
loading from storm-wave activity and g r d  failure due 

to seismic shaking. Failure occurs when the sediment 
mass is changed from compacted to expanded by the 
redistribution and incorporation of water, which reduces 
the sediment shear strength and inc- its fluidity 
(Schwab and others, 1987). 

Winter storms in the Gulf of Alaska can generate wave 
heights between 50 and 65 feet and disturb the seafloor 
to watei depths as great as 600 feet (Carlsao, 1978), 
weakening the internal resistance of undemlidated 
sedimentary deposits. Wave-generated forces such as 
cyclic loading are responsible for large sediment s l i k ,  
slumps, and sediment gravity flows on the shelf and 
slope. Sediment slides and slumps are found in 
nearshore areas, off the mouths of rivers, on the walls of 
seavalleys, and along the continental slope (fig. 125). 
Periodically, these large slump blocks flow seaward. 
Offshore structures such ai drilling platforms and 
pipeline installations could be adversely affwted if not 
properly sited. 

The Copper River and the Malaspina glacial .system 
have contributed half the sediment volume now present 
on the shelf (Molnia and others, 1980). The largest 
sediment slide zones in the Gulf of Alaska are associated 
with these sedimentary systems. High-resolution 
geophysical studies over the Malaspina slump and in 
adjacent areas south of Icy Bay by Carlson (1978) show 
large slump structures in water depth of 210 to 450 feet 
on slopes of less than 0.5 degmx. These dumps lie 
within the low-strength, poorly sorted, Holocene normal 
marine section (figs. 122 and 125). Slumping is 
uncommon between Cross Sound and the Dixon 
Entrance because there is less Holocene sediment being 
deposited on the shelf there. Southwest of Middleton 
Island only a few slumps are )mown, even though a 
thick section of Holocene sediment is present on the 
shelf (fig. 125). 

Schwab and Lee (1988) d e M  two types of slope 
failure: nondisintegrative failure, characterized by 
limited internal deformation and downslope movement 
(as in the slumps south of Malaspina Glacier); and 
disintegrative failure, characterized by failure of the 
entire sediment mass (as in the sediment gravity flows 
associated with the Alsek prodelta). The mechanism 
most likely to cause slope failure is related to water 
depth: at depths of less than 100 feet, storm-wave- 
generated cyclic loadiig causes shear stress on recently 
deposited sediments and produces slope failure; at 
depths greater than 200 feet, earthquake loading is the 
most liely cause. Unstable sediments in water depths 
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between 100 and 200 feet fail equally by either process 
(Schwab and Lee, 1988). 

The Icy Bay-Malaspina and Yakutat slumps and the 
sediment gravity flows on the Alsek @Ita (discussed 
in detail by Schwab and Lee, 1988) would experience 
the same degree of ground-shaking intensity during an 
earthquake because both are situated on the Yakutat 
crustal block and both are composed of Holocene 
normal marine sediments. Seismic l d i g  was the 
probable cause of the Icy Bay-Malaspina and Yakutat 
slumps because storm waves are less effactive at water 
depths greater than 200 feet. The sediment gravity flow 
seaward of the Alsek prodelta was probably caused by 
storm waves acting on h n t s  at water depth 
between 100 and 200 feet (Schwab and Lee, 1988). 

Numerou. large slumps on the co~lthental slope were 
identified from high-resolution seismic data just beyond 
the continental shelf edge south of the Sale 39 area. 
These slumps invnlverl consolidated &to on steep 
slopes. One of the slumps occwred on a slope greater 
than five degrees, south of the highly faulted Pamploim 
zone (fig. 126). 

Areas on the shelf characterized by patchy Ho1oc43e 
sediment distribution are Tarr Bank, Middleton Island, 
and the shelf southeast of Kayak Island (Molnia, 1977). 
The scarcity of Holocene sediment there is the result of 
erosion by strong bottom currents and large storm waves 
(MoInia and others, 1980). In these areas, the sediment 
is more consolidated and less likely to fail during 
storm-wave loading. 

Gas-Chaqged Sediments 

Shallow, gaa-chargtd sdimu& are a ba;rard to the 
siting of offshore drilliig structures because of their low 
structural integrity, and a hazard to drilling operations 
beoause of the possibility of tbc loss of well cwtrol h m  

a blowout. The high sedimentation rate.s in the Gulf of 
Alaska favor the preservation of organic matter and are 
a neeessaty prerequisite for the production of biogenic 
gas. Several field and laboratory studies by Harnptm 
and Anderson (1974) and Schubel(1974) show that 
biogenic gas in sediments is related to significantly 
diminished signal response h m  high-rt801ution 
subbottom profiles. 

Because gas+harged sediments have low shear strength 
and bearing capacity, carefbl siting of offihore hciities 
is necessary in areas that contain such sediints. As the 
concentration of gas increases, the stability of the 

sediment decreases, which may lead to failure. Such 
sediments are more likely to G I  when cyclic loading 
from storms or ground sbaking from seismic activity 
causes the sudden release of gas and water resulting in 
subaqueous mass movements of sediment. 

The incident that has caused the greatest concern during 
oil and gas drilling operations on the outer c o o ~ t d  
shelf is the blowout. A blowout is the complete loss of 
well control by the unexpected penetration of an 
overpressured sand while drilling in underbalanced 
conditions. A blowout can cause the loss of life, 
property, and possible environmental damage. Although 
there has never been a blowout in any Alaska OCS well, 
thc possibility of o m  always remains. 

As part of a USGS study, areas of gas-charged 
sediments in the Gulf of Alaska were identified utilizing 
high-resolution and echo sounder profiles (fig. 127). Gas 
chromatographs from s d i t  cotes were used to 
further delineate gas~harged cueas. 'Ibe gas collected 

from cores was mostly biogenic methane generated in 
the upper portion of the thick Holocene nonnal marine 
stratigraphic section (Molnia and others, 1979). In one 
section found south of the Copper River delta, gas-laden 
sediments were identified by the absence of acoustic 
returns (fig. 124). 

Site-specific geophysical surveys for OCS Lease Sale 39 
(Woodward-Clyde Consultants, 1976) and OCS Lease 
Sale 55 (Nekton, 1982) located no significant gas seeps, 
although core holes in the Sale 39 area revealed sballow 
pockets of low-pressure gas in a gravel lmit at the base 
of the glacial marine w i t s  (fig. 123). 

Earthquakes 

Earthquake hazards to offshore bi i t ies  include 
substrate deformation, ground shaking, tsunamis, and 
d i m e n t  failures. Seismic shaking, faulting, and 
sediment slides pose the greatest threats to offihore 
facilities. Historical records of seismicity are used to 
estimate the location, size, and -my of Armre 
earthquakes in a region. In the Gulf of Alaska, data are 
available for the past 100 to 200 years, which is a 
relatively short record. 

The Queen Charlotte-Alaska-Aleutian seismic zwe, o m  
of the world's most seismically active areas (Nishenko 
and Jacob, 1990), extends from the Juan de Fuca 
spreading center off British Columbii tluaugh the Gulf 
of Alaska and dong the Aleutian trench to the 
Kommandorski Islands in the northwest Pacific. In the 

262, Gulf of Alasku Gedogic Report 



SOUTH NORTH 

Figure 126. A minisparker profile that shows slumping on the continental slope south of the OCS Sale 39 area (BBN 
Gwmarine Services, 1975). 
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Gulf of Alaska, most of the motion between the Pacific 
and North American plates is taken up by great thrust 
earthquakes along the Aleutian megathrust, thrusts 
within the Kayak and Pamplona zones, and by strike-slip 
motion along the Fairweather-Qma Charlotte fault 
system (Jacob, 1986). This motion c0lltroIs the 
tectonics, seismicity, volcanism, and morphology of the 
Gulf of Alaska region (fig. 128). 

Nishenko and Jacob (1990) subdivided the Queen 
Charlotte-Alaska-Aleutian seismic wne into 
17 subzones, or segments, based on historical records, 
the damage and intensities of seismic events, and the 
positions of large and great earthquakes and their 
aftershocks (fig. 128). The segments in the Gulf of 
Alaska were delineated by the Prince William Srnmd 
earthquake (Mw 9.2) of March 24, 1964, the 
Fairweather fault earthquake (Mw 8.2) of July 10, 1958, 
and the Sitka earthquake (Ms 7.6) of July 30, 1972. Mw 
is the total kinetic energy radiated by an earthquake and 
Ms is based on the size of the long-period surface 
waves. Because these segments have ruptured in great 
events within the last 40 years, they have a low 
probability of rupture from a similar large earthquake 
within the next few decades (McCann and others, 1980, 
Nishenko and Jacob, 1990). 

The occurrence of a large magnitude event does not rule 
out the likelihood of a lesser magnitude event. Page and 
Basham (1985) think that there is a high probabiity of 
lesser magnitude quakes occurring along the Fairweather 
fault in the foreseeable future. Lahr and others (1980) 
estimated the recurrence intervals for lesser magnitude 
events in southern Alaska on the basis of seismic 
moments and slip rates. Their data showed that 
earthquakes with a magnitude of 6.6 may occur every 
lz years. 

Tobin and Sykes (1%8), Sykes (1971), and KeIIeher and 
Savino (1973) deiioed "seismic gape" as segments along 
active faults where large magnitude eadqakes  have 
not occurred within the past fiuee decades but have in 
historical times. These amas are of (he most comxrn 

because of their potential for a sudden large release of 
accumulated elastic strain. The Yakataga seismic gap 
(between approximately 140' and 144' W. longitude) is 
thought to have a high probabiity for a great earthquake 
within the next 20 years because strain has accumulated 
there since the last two great eadquakes (McCann and 
others, 1980; Jacob, 1984). These great earthquakes 
were the Yakataga earthquake (Mw 8.1) of September 
4, 1899, and the YPkutat Bay eadqdce of !3cptember 
10, 1899. 

No great earthquakes have occurred within the Yakataga 
seismic gap since the 1899 earthquakes, although two 
sequences of earthquakes occurred there a k  the 1%4 
Great Alaskan event: a Ms 6.8 shock in 1970 beneath 
the Pamplona zone, and the St. Elias earthquake 
(Mw 7.5) on the eastern margin of the gap (Lahr and 
others, 1980; McCann and othera, 1980, Savage and 
Lisowski, 1988). These ea rhpkes  demonstrate the 
relatively high strain levels still present in the region. A 
more recent set of earthquakes occurred on the Pacific 
plate south of the Transition m, seaward of the 
Yakataga seismic gap (November 17, 1987, Ms 6.9; 
November 30, 1987, Ms 7.6; and March 6, 1988, 
Ms 7.6 ) (fig. 128) (Lab and others, 1988a). Strain data 
from the Yakataga seismic gap after these events suggest 
some relaxation of accumulated strain (Savage and 
Lisowski, 1988), although not ewugb to significantly 
alter the projections of a major shock within the next 
few decades (Jacob, 1984). 

Surface and Near-Surface Faults 

The style of faulting in the Gulf of Alaska changes along 
the plate boundary in response to relative plate motion. 
The Pacific plate moves 5 to 7 centimeters per year 
(cmlyr) northwest relative to the North American plate, 
with the rate of movement increasing to the west 
(fig. 128). Seismicity is concentrated along plate 
boundaries, where some of the largest magnitude 
seismic events ever recorded have occurred (Mw 9.2 in 
the Great Alaskan Earthquake of 1%4) (Krauskopf and 
others, 1972). 

Recent teetonism in the Gulf of Alaska is indicated by 
mountain ranges, raised beach terraces, and n u m e m  
active faults. Fault displacements have been utilized in 
conjunction with recorded seismic activity over the hat 

200 years to predict the approximate size, frequency, 
and location of future great earhpkes. The tkpency 
of Quaternary movement along faults in the Gulf of 
Alaska suggests that an earthquake could occur during 
the life of an offshore production platfarm, although it is 
less likely during the shorter time period needed to drill 
an exploratory well. Surface faults may be generated by 
shallow-focus earthquakes and could be hazardous to 
pipelines and large offshore structures built within or 
across fault zones. 

Virtually all earthquakes OCCUT as ruptures on 
pre-existing faults (Page and Basham, 1985). Numerous 
active faults are found at or near the surface on mast of 
the Gulf of Alaska shelf. These faults are located along 
the Fairweather-Queen Charlotte fault system, 
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Fairweather Ground, the shelf edge near the Alsek 
Seavalley, the Pamplona zone, the Yakataga segment, 
the Middleton Island shelf, and the shelf portion west of 
Middleton Island (fig. 129). 

Nearly all plate motion since the early Paleogene in 
southeast Alaska has occurred along the Fairweather- 
Queen Charlotte fault system (Hudson and others, 
1982). Many seismic-reflection pro* across tbe 
northwest-trending fault system reveal seafloor offsets. 
In some places between Cross Sound and Chatham 
Strait, the seafloor is offset by as much as 100 feet 
(fig. 130). Many surface displacements occurred 
following earthquakes along the Fairweather hult 
system in historic time. In 1949, a Mw 8.1 evtbqupke 
was recorded centered around the Queen Charlotte fault 
near Prince of Wales Island (Combellick and Long, 
1983). During that event, significant differences9 in 
displacement along strike occurred, although the average 
slip was approximately 20 feet (Nishenko and Jacob, 
1990). On July 10. 1958. the Fabeather fault was 
ruptured by a Ms 7.9 earthquake in the Lituya Bay area. 
Dextral strike-slip movement on this hult was 

displacement of approximately 9 feet was documented 
on Montague Island following the Great Alaskan 
Earthquake (Mw = 9.2) of 1964 (Plafker, 1%9). 
Northwestward underthrusting of tbe Pacific plate 
beneath the North American plate resulted in large 
vertical displacement on a reverse fault that broke the 
surface. Similar faults are f d  as uplifted marine 
terraces on Middleton ~sland. Ihbuuhn dating of 
peat layers from five marine terraces on Middleton 
Island established an uplift rate of approximately 
1 cm/yr for the past 4,500 years (Hudson and others, 
1982). Southwest of Montague Island, normal faults that 
strike northeast-southwest parailel to the Aleutian trench 
are present. 

Volcanic Hazards 

Volcanic ash falls can affect large areas. Localized 
volcanic hazards are lava flows, mudflows, pyroclastic 
bombs, nu& ardentes, debris avalanches, seismic 
deformation, tsunamis, noxious fumes, and acid rain. 
Atmospheric effects associated with volcanism cause 
radio interference. 

approximately 20 feet, with a vertical displacement of 
Earthquakes related to volcanic activity fkpently occur 

3 feet (Tocher, 1960, Plafker and others, 1978b). 
prior to eruptions. Most such eutbqukes are caused by 
the upward movement of magma. Volcanic earthquakes 

Three sets of faults are located on the shelf adjacent to 
occur at shallow depths and the potential damage is 

the Alsek Seavalley. A set of faults is located above the 
local. Ground deformation typically occurs before and 

Fairweather Ground structure, a topographic high east 
after eruptions, and may generate landslides and 

of the Alsek Seavalley. Recent uplift on the structure 
tsunamis. 

produced northwest-trending fault scarps with a 
maximum relief of 150 feet. Faults are also present 
along the continental slope southeast of Fairweather 
Ground and at the shelf edge west of tbe Alsek 
Seavalley (Carlson and others, 1980Xfig. 129). Very 
few near-surface faults have been mapped W e e n  the 
Alsek Seavalley and the Pamplona zone (Yakataga 
seismic gap). This segment coincides with an area of 
low seismicity. 

To the west, beginning in the Pamplona zone, numerous 
near-surface reverse faults trend north-mrtkast. North 
of the Pamplona zone, the Yakataga segment contains 
similar faults. These faults often extend into the 
Holocene section, and sometimes approach the surface 
(Carlson and others, 1980). This highly disrupted 
portion of the shelf has a history of numerous seismic 
events (Lahr and others, 1980). 

Three areas that flank the Gulf of Alaska contain 
Quaternary volcanoex the m r n  Aleutian Arc along 
the west side of the Cook Inlet (Augustiae Volcano, 
Mount Iliamna, Redoubt Volcano, Mount Spurr, and 
Hayw Volcano), the Wiangd Mouatnins (Mounts 

Drum, Sanford, Wrangell, Blackburn, and Regal), and 
Mount Fdgecumbe, the easternmost volcanic center, on 
Kruzof Island near Sitka (fig. 128). 

With the exception of the enigmatic location of Mount 
Edgecumbe, most of the volcanoes that ring the Gulf of 
Alaska are located on the North American plate, 
approximately 100 lun above the subducted Paciic 
plate. The eastern Aleutian Arc volcanoes have been the 
most active in the past 100 years (Simkin and others, 
1981), although these pose little risk to exploration in 
the Gulf of Alaska Planning Area because of their great 

In the vicinity of Middleton Island, a series of east-west- distance. Recent eruptions that affected populated areas 

trendiig fhults cut strata of the Yakataga Formation. The 
include Mount Spurr (1953), Augustbe Volcam, (1976, 

relative movement on these reverse faults appears to be 1986). and Redoubt Volcano (1966-1968,1989-1990). 

north-side up (Carlson, 1976). Dipslip fault 
The 1990 eruption of Redoubt Volcano produced 
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mudflows that threatened the Drift River oil terminal 
and temporarily curtailed oil production in Codr Inlet 
(Major and others, 1990). Volcanic ash h m  the 1989 
eruptions of Redoubt Volcano disrupted airline traffic m 
and out of Anchorage, Alaska. The abrasive nalure of 
the ash forced the shut-down of electronics equipment 
and was detrimental to the health and safety of the local 
population. Neither the volcnnoes of the Wrangell 
Mountains or Mount Edgecumbe have erupted within 
the last 2,000 years although the possibility remains 
(Simkin and others, 1981). 

Tsunamis and Sekhes 

Tsunamis are waves produced by the sudden 
displacement of a large volume of water by the rapid 
upward or downward movement of the ocean floor 
during a strong earthquake or during a volcanic eruptjcm 
(Page and Basbam, 1985). Tmmamis are not o h  
hazardous to floating structures on the open sea, though 
they may be dangerous to structures gmmded in 
underconsolidated sediments. Tsunams can d e s t a m  
portions of the shelf by changing the thixotqGc 
properties of sediment, a cbange which can result m 
subaqueous slumping and turbidity currents. Seicbes are 
large waves generated in closed or semiumhed bays 
from subaqueous slumps and local subaerial landslides 
related to ground shaking during earthquakes. These 
locally generated waves are oht imes  a greater threat 
to shore-based facilities than tsunamis because tbey 
occur so suddenly with little warning. 

Tsunamis are typically caused by dipslip faulting and 
rarely, if ever, by strike-slip hulting @olt and others, 
1977). Tsunamis were generated by low-angle thrusting 
beneath tbe continental shelf during the Great Alaskan 
Earthquake, but were barely noticeable kbwing the 
1949 Queen Charlotte earthquake, which had a 
strike-slip mechanism (Cox and Pararas-Carayannis, 
1976). 

The size and shape of the uplifted portion of the shelf 
controls the direction and magnitude of a &mami. As 
the rupture length increases, the k t i o n  of the tsunami 
becomes more orthogonal to the source, and the waves 
ate largest in the direction of movement (Berg and 
others, 1972). In the Great Alaskan Earthquake of 1964, 
the largest waves were transmitted peqedcular to the 
Aleutian megathrust (Steinbrugge, 1982). In the open 
ocean, tsunamis are of little umcem because of their 
small wave heights. The distance between wave crests in 
the open ocean may be as much as 50 miles, with wave 
heights of less than 2 feet. As a tsunami approaches the 
shallower water of the caastline, however, the wave 
height increases manyfold because of the d g u r a t i o n  
of tbe coastline, &ape of the ocean floor, d tbc tidal 
stage (Combellick and Long, 1983). Little damage will 
occur to the coastline if the waves am llonbreaking, low, 
and occur at low tide. Extensive damage will occur 

when high, breaking waves reach the shoreline at high 
ti&. 

In the 1%4 Great Alaskan Earthquake, coastal 
communities were heavily damaged by tsunamis 
generated by vertical uplift of the outer continental shelf 
and by seiches generated by landslides m semiconhed 
bays and inlets (von Huene and Cox, 1W2). Large 
landslide-generated waves in enclosed bays were more 
destructive than those that originated on the continental 
shelf (von Huene and Cox, 1972). Sheltered bodies of 
water bounded by high, steep slopes of unstable 
sediment or rock are most vulnerable b landslide- 
generated tsunamis (Combellick and Long, 1983). In the 
Great Alaskan Earthquake of 1964, landslkbgenerated 
waves caused great destruction and loss of lik in the 
towns of Seward, Valdez, and Whittier (Spaeth Pnd 
Berkman, 1967). Seismic shaking from the Lituya Bay 
earthquake (Mw 8.2) of 1958 caused an enmmous 

landslide at the head of Lituya Bay that generated a 
seiche with a wave run-up of over 1,500 feet. This event 
caused the loss of life and deforested shoreline of Lituya 
Bay (Combellick and Long, 1983). 
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Summary 

The Gulf of Alaska Tertiary Province is located in one 
of the most dynamic areas on earth. Active tectonism 
driven by plate collision and subduction results in great 
earthquakes, vulcanism, faulting, and rapid uplift. Tbe 
maritime weather is some of the most severe known. 
Glaciation is active, with vast ice fields, numerous 
tidcwatcr glaciers, and activciy calving icebergs. It also 

boasts one of the highest sediintation rates ever 
measured. Despite the difficulties associated with 
operating in this harsh tiontier area, it has been tha site 
of extensive logging, mining (gold, coal, and copper), 
fishing, and drilling efforts over the last century. 
Modem petroleum exploration began in 18% on the 

north side of Controller Bay, and petroleum was 
produced from the Katalla field from 1901 to 1932. A 
total of 80 wells, onshore and offshore, were drilled in 
the Gulf of Alaska, the most recent in 1983. Geological 
investigations in the area are ongoing. 

On the basis of onshore data, both public and 
proprietary, the most prospective source rocks for 
petroleum generation are the middle Miocene to late 
Eocene Poul Creek Formation and the late to early 
Eocene Kulthieth Formation and its equivalents 
(including the slightly older Oily Lake siltstom). The 
Miocene part of the Poul Creek Formation appears quite 
prospective, particularly onshore, where it is organically 
rich, characterized by Type I and I1 kerogen, and oil 
prone. 

Offshore, the immature to marginally mature Pod Creek 
Formation has been disappointing, perhaps because the 
most prospective section has not been extensively 
sampled, although there are hints of its source rock 
potential, particularly in the OCS Y-0211 No. 1 and 
Y-0080 No. 1 wells. Pod Creek samples from well 
cuttings often contained a high proportion of inertbite 
(Type IV kerogen), which suggests a high input of 
recycled material and perhaps the oxidation of many of 

Opposite. Collecting geological samples in the Kenai 
lowlondr near Sterling, Alaska. Thii orea har ruunerous 
Pleistocene bog deposits rich in pollen, pm, d f i e s h  
water diutoms. The field assirrant, a a s r a n d m d p o o d l e ,  
carried more than half her weight in sediment samples. 

the in situ kerogens. Offshore, the Kulthieth Formation 
is also organically lean though more mature, and is 
characterized by Type Ill and IV kerogen. Both 
formations have been considered to be sourea of the 
petroleum produced at the KataIIa Oil Reld. Very 
limited analytical data fiom offshore w e b  are 
inwnclwivc about this question, although inmwtry, 
academic, and USGS workers generally consider the 
Poul Creek Formation to be the primary source both 
onshore and offshore. Chapter 10 ah.aulces an 
alternative hypothesis suggesting that the Kulthieth 
Formation is a more likely source. 

The most prospective reservoir mcks offshore occur in 
the thick, widespread middle Miocene to PIektocene 
Yakataga Formation, particularly the wnglacial marine 
sandstones in the lower part, which retain good porosity 
and permeability as deep as 11,000 feet. The late to 
early Eocene Kulthieth Formation has modest reservoir 
potential. The most prospective reservoir rocks in the 
Kulthieth Formation offshore occur near the top of the 
formation in the 1,100-foot sequence (with a net 
sandstone thickness of 760 W) seen in the OCS Y4211 
No. 1 well. These well-sorted arkosic sandstones 
become tighter with depth due to diagenesis and 
probably have no reservoir potential below 12,000 feet. 

Because of the extreme tectonism in this area. structural 
plays abound. The five major hydrocabon plays 
presently recognized in the Gulf of Alaska (the 
Middleton fold and thrust belt play, the Yakataga fold 
and thrust belt play, the Yakutat shelfplay, the 
subducting terrane play, and the Southeast Alaska 
subbasin play) are discussed in chapter 11. Tbe presence 
of large structures offshore coupled with numerous oil 
and gas seeps onshore as well as historical production 
are auspicious signs despite recent disappointing 
exploration results. Industry interest in this area remains 
high. Sale 79, the State of Alaska's Cape Yakataga sale, 
is scheduled for May 1994. OCS Sale 158, the offshore 
Federal Yakutat sale, is scheduled for August 1995. 
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Appendix A. Gulf of Alaska Foraminifera 

Appendix A is a listing of the foraminifera species 
identified fiom the offshore Gulf of Alaska wells 
analyzed in this report. The foraminifera of each 
biostratigraphic interval are listed. All of the planktonic 
foraminifera are listed for each interval, whereas benthic 
foraminifera are generally listed only in the interval of 
their highest occurrence. Repeated occurrences of 
significant and/or distinctive benthic species may be 
mentioned. The Biostratigraphy chapter discusses details 
of the distribution of species within biostratigraphic 
intervals for each well. 

Pleistocene 

Late Pleistocene 

QCS Y-OOSOo. 1 well: Seafloor-4,560 feet 
(no samples scafloor to 2,030 h t )  

Benthic Foraminifera 
Bolivina i n t e r j w  
Bolivina spksa 
Buccellafi.'gida 
Buccella sp. cf. B. inusitata 
Buccella tenerrtna 
Bulimina sp. cf. B. subac- 
Bdimina tenuata 
Cossidulina aalifornim 
Cossidulina cushmani 
Cossidulina delic'na 
Cossidulina kIandMa 
Cassidulina limbara 
Cassidulina lomirmk 
cbssidulina minuta 
Cassidulina norcrossi 
Cossidulina repeM 
Cassidulina ter& 
Cibicides fitcheri 
Cibicides bbutulus 
Cibicides sp. cf. C. mcRaMai 
Cyclammina cmtcellutu 
Cyclammina sp. cf. C. pacijica 
D d i n a  baggi 
Dencalina californiaa 
Dencalina frobisherensis 
Eggerella sp. 
Elphidim MmeM 
Elphidium clavvltum 

The Pliocene and Pleistocene foraminiferal assemblage 
was similar in all of the wells studied. The listings of 
foraminifera from the Plio-Pleistocene section of the 
OCS Y-0080 No. 1 well and from the Pliocene section of 
the OCS Y4211 No. 1 well are the most complete and 
are recorded separately here to facilitate comparison with 
assemblages from the Plio-Pleistocene sections of the 
other wells discussed in the text. 

Elphidium fiigidum 
Elphidium sp. aff. E. incemun 
Elphidiun incemm 
Elphidiella arctica 
Elphidiella gr-ica 
Elphidiella oregonewe 

Elphidiella sibkim 
Epistominella pacijh 
Eponides subtener 
Globobulimina pacjtica 
Gyroidina sp. cf. G. soldmii 
Haplophragmides spp. 
Hypermnmina sp. 
Karreriella sp. 
Lagena sulwtc2 
Lenticulina sp. cf. L. cultrahl~ 
MartinottieUa c-k 
Nonionella arnicula 
Nonwnella labradorica 
Protelphidium orbiculare 
QuinqueIoculina sp. cf. Q. akneriana 
Quinqueloculina seminula 
Trifarinajluem 
Trilnrulina &dra 
Uvigerina sp. cf. U. auberiana 
Uvigerina cushtnani 
Uvigerina juncea 
Uvigerina peregrina 
Valvulineria glabra 

Planktonic Foraminifera 
Globigerina bulloiaks 
Globigerina quinqueloba 
Globigerinoides conglobatu~ 
Neogloboquadrina &ertrei 
Neogloboquadrina pachyderms (sinistral) 



Early Pleistocene 

n c s & & :  4,560-6,210 feet 

Benthic FommhSera 
Bulimina sp. cf. B. exilk 
Bulimina m e x t ' m  

Cassidulina sp. cf. C. laevigata carttata 
Cassiddina subglobosa 
Cibicides sp. aff.  C. c o n o h  
Elphidiwt sp. cf. E. discoidale 
Gyroidina sp. cf. G. condoni 
Melonis barkemma 
Melonis sp. cf. M. zaandamae 
Nonion sp. cf. N. incrossmus 
Nonimella basispinata 
Nonionella f i m b h  
Oolina sp. cf. 0. apliopleura 
Oolina meh 
Planulina sp. cf. P. a l a s h e  
P s e u d o g ~ l i n a  hvigata 
Pullgnia hullokhs 
Pullenia salbburyi 
Trgarina hughesi 

Planktonic Foraminifera 
Globigerina bulbides 
Globigerina quinqueloba 
Globigerinoides congbbhu 
Globorotalia hunwrosa humerosa 
Globorotalia sp. cf. G. pseudopima-Neogloboquadrina 

dutertrei 
Neogloboqmdrina duterirei 
Neogloboquadrina p a c h y h  (10-2046 dextral) 

Pliocene 

Late Pliocene 

OCS_Y-M)gO: 6,210-8,400 feet 

Benthic Foramidera 
Cassidulina sp. cf. C. quadrata 
Cribrononion sp. 
Cribrostomoides sp. 
Cribroelphidium crusmm 
Elphidiella sp. cf. E. arcrim 
Elphidiella simplex 
Epistominella sp. cf. E. pulchella 
Epistominella &hi 
Fissurina pelucida 
NonioneUa sp. cf. N. stellata 

Pullenio malkina. 
Quinqueloculina sp. cf. Q. arctzca 
Uvigerina sp. aff .  U. hoofsi 

Planktonic Foraminifera 
Globorotalia sp. cf. G. pseudopima 
Neogloboquadrina sp. cf. N. m i  
Neogloboquadrina pachyabma (sinistral) 

-: 1,580-2,120 feet (no samples 
seafloor to 1,580 feet) 

Benthic Foraminifera 
Buccellafigida 
Buccella inusitata 
Buccella tenerritnu 
Cbssidulina caljfomica 
Cassidulina cuchmani 
Gzssidulina islandiw 
Cassidulina limbaka 
Cassidulina norcrossi 
Cassidulina refIexa 
Cassidulina subglobosa 
Cassidulina teretk 
Cassidulina transluscens 
Cibicidesjletckeri 
Cibicides bbatdus 
Cibicides mckawrai 
Dentalina baggi 
Dentalina decepta 
Dentalina frobkherensir 
Elphidium bartlmdi 
Elphidium clr;il.lumnn 
Elphidium figidurn 
Elphidium hughesi 
Elphidium hcenum 
ElphidicUa sp. cf. E. urctica 
Elphidiella oregonense 
Epistorninelh sp. cf. E. narai 
Fissurina lucida 
Glandultra sp. 
Karreriella bacmta 
Lagena sdcata 

Lenticulina sp. 
Lenticulina sp. cf. L. o c c ~ i s  
Marginulina sp. cf. M. glabra 
Nonwnella labrodorica 
Oolina c m  
Oolina globosa 
Polymorphina charlottenensis 
Pyrgo lucemula 
Pyrgo murrhina 
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Pyrgo rotalark 
Quinqueloculina aknerha 
Quinqueloculina seminulum 
Rotalia columbiensb 
Trgarina anguba 
Trifarinaflw 
Triloculina t r i d  
Triloculina trihedra 
Uvigerina whmani 
Uvigerina juncea 
Uvigerina peregrina 

Planktonic Foraminifera 
Globigerina bulloides 
Globigerina quinqueloba 
Noogloboquadrina ckrtertrei 

Neogloboquadrina pachyderms (100 % sinistral) 

Early Pliocene 

0-: 8,400-8,470 feet 

Planktonic ForamWeni 
Neogloboquadrina padtydenna (dextral) 

QCS Y-: 2,1204,805 feet 

Benthic Foramidera 
Cassidulina sp. cf. C. laevigata 
Cribroellphidium sp. cf. C. paromaense 
Elphidiella groenhdiw 
Epistominella lpacjfim 
Epistominella pulchellu 
Fbsurina marginaa 
Glandulina krwigata 
Haplophragm0idR.r sp. 
Lagena sp. cf. L. striata 
ProteZp?&iium urbiculrne 
Pullenia malRLrae 
Pullenia salirburyi 
QuinqueZocuZina L z t ~ ~ c ~  
Quinqueloculh sp. cf. Q. oblonga 
Quinquelodina sp. cf. Q. subrohuniu 
7kifbha sp. of. T. hughesi 
Trochammina sp. cf. T. globigerinoiks 
U v i g h  sp. cf. U. h i  
Uvigerina sp. cf. U. subpere- 

Planktonic Forsminifera 
Globigerinoides? sp. cf. G. trilobw 
Globorotalia sp. cf. G. acostaenk 
Neogloboquadrina pachyderms (25-100 96 dextral) 
Neogloboquadrina pachyderms var. "incompta* 

Pleistocene 

Qk.a!& 

Similar to the Plio-Pleistocene assemblage of the OCS 
YXJOSO No. 1 well and the Pliocene assemblage of the 
OCS Y-0211 No. 1 well, plus: 

Late Pleistocene 

Benthic Foraminifera 
Astrononwn g d h a y i  
Bolivina sp. cf. B. beyrichi 
Bulimhlla eleghsima 
Cassidulina ?ulkamwai 
Epivtomiwlla &ua 
Frondiculmia sp. cf. F. gig- 
Lentidina sp. cf. L. strongi 
Polymorphina chmlottmk 
Rotalia columbienrb 
Rotalia subcorpuIenta 
Rotalia umbonata tenerk 
SaidOveUa sp. cf. S. okhotiw 
Silicosigdina gr- 
Trichohyalb omatissima (small form) 
Virgulina cOmpIanata 

Phnktonic F d a  
Globigerina bulloides 
Globigerina quinqueloba 
Globigerina d i  var.* 
Globigerinita sp. cf. G. nupa-k 
Globigerinita sp. cf. G. uvula 
Neogloboquadrina duterffei 
Neogloboqwdrina pachyienna (sinistral) 

Early Pleistocene 

Benthic Fomninifera 
Bolivina ~~ 
Bolivina sp. aff .  B. numet- 
Bolivina spirsa 



ktolivina subadveM Late Pliocene 
Bolivinito sp. 
Buccella subpenrviaM 
Bulimina d b  
Cibicides (Planulmia) wuellersto# 
Cyclammina cancellafa 
Dentalincl sp. cf. D. decepta 
Elphidiella groenlundiin 
Eponk'a sp. cf. E. tener 
Lem'culina sp. cf. L. occidentalrs 
Nonion sp. cf. N. goudkq@ 
Nonwnella sp. cf. N. auricula 
Nonionella  bas^^ 
Rosalina ornatiksitna 
Rotalia columbiensb 
Silicusigmrrilina gr-icy~ 

Trichohyalk barfletti 
Trichohyalis o&sima 
TriJwina sp. cf. T. buggi 

Triloculina hicminata 
Uvigerina cushmmi 
Uvigerbua I ~ i s p ~ ~ u s f a t u  
Uvigerina yabei 
Valvulineria auramm 

Planktonic Foraminifera 
Globigerina buUoides 
Globigerina sp. cf. G. parabulloides 
Globigerina quadrihma 
Globigerinita glrctlrrata 
Globigerinita humilk 
Globigerinita uvuh 
Globigerinoides sp. cf. G. conglobam 
Globigerinoides trilobur 
Globorotalia sp. 
Globorotalia sp. cf. G. puncticukta* 
Neoglnho@rina prrc.hylkrmn (mcreased percent 

dextral) 

Pliocene 

Similar to the Plio-Pleistocene assemblage of the OCS 
Y-0080 No. 1 well and the Pliomm assemblage of the 
OCS Y4211 No. 1 well, plus: 

Benthic Fonddfera 
Astacolm sp. 
Bucceh sp. aff. B. mm$eIdi 
Bulmina sp. cf. B. subacurnina&a 
CassiduliM sp. cf. C. limb- 
Cassidulina minuto 
Cassidulina nakimuuai 
Cassidulina sp. cf. C. translucenr 
Cibicides conoideur 
Cibicides sp. aff. C. perlucidus 
Cibicides sp. cf. C. refdgenr 
Elphidiella arciica 
Elphidiella sp. aff. E. simplw 
Elphidium sp. cf. E. bartleni 
Elphidium discoidale 
Elphidium sp. cf. E. discoidale 
Elphidium f i i ~ h  
Episfominella pulchella 
Glandulina hvigata 
Globobulimina arrriculata 
Gumtlina sp. 
Haplophragmoides d @ i  
Haplophragmoides sp. cf. H. trullh 
Melonis sp. cf. M. pacjfim 
Nonwnella awkdu 
Nonionella baskpina!um 
Nonionella d i g h a  
Nonionella sp. cf. N. miocenh 
Plonularia sp. 
Plectina sp. 
Protelphidium orbiahre 
Protelphidium sp. aff. P. orbidare 
e r g o  vespertilw 
Quinqueloculina aggzlrcinata 
Quinqueloculina sp. 
Quinqueloculina sp. cf. Q. stalkmi 
Rotalia columbiensis 
Sigmomorphina sp. 
Sigmomorphina sp. cf. S. fenestrata 
Uvigerina hootsi 
Uvigerina yabei 

Planktonic Foraminifera 
Globigerina bidloides 
Globigerinita uvuka 
GlobigerinoidRF trilobuc 
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Globorotalia sp. cf. G. acostaemir 
Globorotalia sp. cf. G. crassQomk 
Globorotalia sp. cf. G. in* 
Globorotalia sp. cf. G. psercdopima 
Globororalia sp. cf. G. puncticulata 
Neogloboqwdrina pat+ (sinistral) 

Early Pliocene 

Benthic Foraminifera 
Anomalina sp. cf. A. c o l i f o ~ k  
Bulimina subonmrirtata 
Cribrostomoides veleronis 
Cyclammina pus& 
Dentalina inai 
Dentalinu pauper- 
Elphidium sp. cf. E. poeyanra 
Haplophragmoides trdlissata 
Lenticrrlina sp. cf. L. simpk 
Martinottielha covnmrmLF 
Nonion sp. af f .  N. g o w  
Nonwnella miocenim stelha 
Oolina lineata 
Oolina sqrromata 
Oolina striatoprmctata 
Polymorphina chiulottensk 
Pullenia sp. cf. P. salkburyi 
Sphaeroidirra sp. cf. S. variabilk 
Uvigerina auberiaM 
Uvigerina excellens 
Uvigerina hoorsi 
Uvigerina peregrina 

Planktonic Foraminifera 
Globigerina bulbides 
GlobigeriM quhqueloba 
Globigerina sp. cf. G. veneweha 
Globigerinita g- 
Globigerinita ap. cf. G. ~parimaensk 
Globigerinita uvula 
Globigerinoides sp. cf. G. conglobatus 
Globorotalia spp. 
Globorotalia sp. cf. G. crassQomk ronda 
GIoborotalia sp. cf. G. tt@m 
Globorotalia pseudoptna 
Neogloboquadrina aktertrei 
Neogloboquadrina pachyclterma (increased percent 

dextral) 

Miocene 

Late M i i e  

Benthic F W e r a  
Alveolophragmium sp. 
Alveolophragmium ronurdidorsata 
Alveovalvulina sp. 
Alveovalvulinekz sp. 
Anomalina sp. cf. A. calijiomiensk 
Anomalina glabrata 
Anomalina sp. cf. A. gIabrata 
Anomalirra sp. cf. A. salinasetlsb 
ArenoturrippiTillM sp. 
Asterigerina crassjfomk 
Bathysiph spp. 
Bathysiphon armacea 

Budashaevella sp. 
Bulhina sp. cf. B. alligata 
Bulbaha gp. of. B. byzatia 

Bulimina submuminata 
Bulimh sp. cf. B. subdwa 
Gmsidulina sp. cf. C, crassa 
Chsidulina sp. cf. C. laticamerata 
Cassidulina pulchella 
Gmsidulinu subglobosa 
ChilostomeIla sp. cf. C. cylindroides 
Cibicides sp. 
Cibicides sp. cf. C. conoideus 
Cibicides sp. cf. C. elmoensis 
Cibicides sp. cf. C. perlucidur 
C. spiropmdaM 
Conicospirillirra sp. 
Contuspira b y r m k  
Cribroelphidium sp. cf. C. crassum 
CribrostomoidRF spp. 
Cyclammina spp. 
Cyclammina CanCeUata 
Q c h h  incka 
C y c h i n a  pac&n 
Dorothia sp. 
Elphidh sp. aff. E. calromicum 
Elphidium sp. cf. E. minrrrum 
Epistominella pac@a 
EpistomineIla parvvl 
Epistominella sp. cf. E. peruvimur 
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Epistominelh pulchella 
Eponides sp. cf. E. h e d i  
Eponiah sp. aff. E. subtener 
Gaudryina sp. 
Gyroidina sp. cf. G. condoni 
Gyroidina soldani 
Gyroidina soManii alQonnis 
Haplophragmides trulIih& 
Haplophragmoides spp. 
Lugenu stMnosa 
Lenticulina inomata 
Lenticulina sp. cf. L. s m g i  
Liebusella sp. 
Marginulina sp. cf. M. adunc~r* 
Marginulina sp. cf. M. subbulha 
Martinottiella sp. 
Melonis barleemum 
Melonis wmmmk 
Melonis sp. cf. M. pac@cum 
Melonis pompilioides 
Nodogenerina sp. aff. N. sanctaecrucb 
Nodosaria sp. cf. N. longismta 
Nonwnella sp. cf. N. c o s c j f c  
Oolina globosa 
Oolina rnelo 
Oridorsalis wnbonam 
Plectofrondicularia pckurdi* 
Pullenia maZkinoe 
Pullenia miocenioa 
Quinquelodina sp. cf. Q. goodywedi* 
Quinqueloculina sp. cf. Q. weawri 
Reophax sp. - SP. 
Rotalia sp. cf. R. garveyensis 
SpirosigmoilineRa sp. cf. S. compressa 
Trochammha sp. 
Trochammina globigerinjfonnis 
Uvigerina auberiana 
Uvigerina sp. cf. U. cushmani 
Uvigerina sp. cf. U. grrllawayi 
Uvigerina sp. cf. U. h a r d  
Uvigerina sp. cf. U. hoojsi 
Uvigerina sp. cf. U. obesa 
Uvigerina peregrk hispidocostata 
Valvulineria sp. cf. K auraca~  
Virgulina sp. 

Planktonic Foraminifera 
Globigerina bulloides 
Globigerina sp. cf. G. juanui 
Globigerina sp. cf. G. pseudopima 
Globigerina venauelana 
Globigerinim sp. cf. G. naparimaensb 
Globigerinoides sp. aff. G. conglobus 
Globorotalia arostoenis 
Globorotalia sp. cf. G. conoidea 
Globororalia sp. cf. G. continuosa* 
Globorotalia sp. cf. G. crassQonnis ronda 
Globorotalia sp. cf. G. humerosa 
Globorotalia sp. cf. G. opima? 
Globorotalia peudopima 
Globorotalia sp. cf. G. sphprirnmbwn 
Neogloboquadrina pachydema (sinistral) 
Orbulina universa 

Middle to late Miocene 

Benthic Foraminifera 
CassiduliM Iaev1gata lxrimm 
Cornuspira byramemis 
Fissurina mmginata 
Liebusella sp. 
Pullenia bulbides 
Pullenia salisburyi 
Quinqueloculim sp. cf. Q. kmarckirma 
Spiroplectmmina sp. aff. S. dire- 
Uvigerina sp. cf. U. cushmcmi 

Planktonic Foraminifera 
Globigerina bulloides 
Globigmim sp. cf. G. venezueha 
Globigerinita uvula 
Globigerinoides sp. af f .  G. b d i  
Globigcrinoides sp. cf. G. tricobw 
Globorotalia sp. aff. G. conioa 
Globorotalia sp. cf. G. conoidecr 
Globorotulia sp. aff. G. contLufoso 

Globorotalia sp. cf. G. scitula 
Orbulina universa 

Middle Miocene 

Benthic Fomninifera 
Anomalina sp. cf. A. califodemb 
A n o ~ l i n a  glabrata 
Anomalina sp. cf. A. salinaremis 
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Bulimina sp. cf. B. alsatr'ca 
Bulimina ovata 
Bulimina sub& 
Cassidulina sp. cf. c. ~ A T S ~ O ~  

Cassidulina sp. cf. C. laevigata 
Cibicides perlucidus 
Dentalina sp. cf. D. pauperata 
Dorothia sp. cf. D. bulletta 
E'nides sp. cf. E. subtener 
Globobulimina pacjli, 
Hoeglundina elegans 
Karreklla sp. cf. K. b a c w  
Lagenu laevis 
Liebusella sp. 
Nonion gou&& 
Plectina sp. 
Pseudoglandulina inj ib 
Sigmoih  sp. 
Sphaeroidina variabili 
Spirosigmoilinella sp. cf. S. compressa 
Triloculina b k w h  
Uvigerina sp. cf. U. whmani 
Uvigerina sp. cf. U. hispida 
Uvigerina sp. cf. U. modekxnsi 
Uvigerirua sentrentrca.w 
Uvigerina senticma adiposa 

Planktonic Foraddfera 
Globigerina bdoides 
Globigerina sp. cf. G. nap& 
Globigerina quadrilobatw hiloba 
Globigerina sp. cf. G. venemkma 
Globigerina sp. cf. G. w o d  
Globigerinita sp. a. G. uvula 
Globigerinoides sp. cf. G. bolli 
Globigerinoides sp. cf. G. trilobus 
Globoquadrina dehircens 
Globorotalia sp. cf. G. conica 
Globorotalia m i d e a  
Globorotalia sp. aff. ti. conoiccea 
Globorotalia sp. cf. G. continuosa 
Globorotalia sp. cf. G. lato 
Gbbororalia sp. cf. G. mayeri 
Globorotalia sp. cf. G. obesa 
Orbulina suturalis 
Orbulina Miversa 

Early to Middle Miocene 

Benthic Foramhifera 
Anomalina glabrata 
Bulimina i@ta digata 

cassidulina sp. cf. c. cras.ul 
Gassidulina crass- 
Cyclammina sp. cf. C. p c ~ ~  
Glandulina laevigata 
MartinottieUo communk 
Melonis zaandamae 
Oridorsulk umbhMtus 
P s e a  sp. 
Siphogenerina sp. cf. S. branneri 
SphaeroidiM butloides 
Uvigerina sp. cf. U. peregrina 

Planktonic Foraminifera 
GloborotaEia pseudokugleri 

Possible Early Miocene 

Benthic Foraminifera 
Bulirnina sp. 
& ~ i d u r i ~  laevigata c a r h  
Cassidulina margareta 
Cussiriulinu putchelh 
EpitomineUa pama 
Nodosaria? sp. 
SiphogenmiM sp. aff. S. kleinpelli 
Sphaeroidina sp. 
Textuhia? sp. 
Uvigerina montesanenris 

Oligocene 

Benthic Foraminifem 
Allomorphinu mac~a3foma 
Anomalina cal$orniensir 
Anomalina sp. cf. A. loweryi 
Bathysiphon sp. cf. B. eocenik 
Bazhysiphon sp. cf. B. sancfaecnu* 
Bathysiphon eocenim 
Biloculina sp. aff. B. cowliamis 
Buccellu mansfieIdi oregmruk 
Bulimina alligata 
Bulimina blaReleyemis 
Bulimina o\luzta 
Bulimina sp. cf. B. ovata 
Bulimina pupoides 
Bulimina pynrla 
BulMnella su&kjfonnis 
Carsidulina sp. cf. C. califomioa 
chssidulina CTassipsmcrata 
Gassidulina galvinemis 
Gassidulina kenlensis 
Cassidulina margareta 
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Cassidulina m o d e h i s  
Ceratobulimina w~shburnensis 
Cibicides elmaensis 
Cibicides Mgei 
Cibicides p s e u d o M g e r ~  
Cornuspira byramensis 
Cyclammina clmki 
Cyclammina sp. cf. C. clarki 
Qclammina inch 
Cyclamminapac@ca 
Cyclammina pacjfioa &a 
Dentalina spp. 
Dentalinu convnds 
Dentalinu consorbha 
Discamminu eocenica 
Eggerella sp. 
Eggerella elongata 
EUipsotwdmmia sp. aff. E. c o c ~ b  
Elphidium sp. cf. E. cal~onticum 
Elphidium sp. cf. E. c W  
Elphidium minutum 
Epistominu em& 
Epistornha sp. cf. E. r-is 
Epistominella parvul 
Eponides guvbtaemis 
Eponides sp. cf. E. h d i  
Eponides minimus 
Gaudryina sp. 
Gaudryinaa,%zammis 
Glandulha sp. cf. G. laevigata 
Globobulimina sp. 
Globobulimina sp. cf. G. hannai 
Globocassidulina gbbosa 
Gumclina~anki 
Guttulina irregularis 
Gyroidina mnaimi 
Gyroidina orbinrlmir 
Gyroidina orbiculmiF plaMto 
Gyroidha SOW 
Haplophragmoides deJZaCa 
Haplophragmoides obliquicamerala 
Haplophragmoides trullirsata 
Hyperammina elongm 
Karreriella washingtonensis 
Lagena stnunma 
Lagem sp. cf. L. substrhta 
Lagem vulgmir 
Lenticulina becki 
Lenticulina sp. aff. L. b+is 
Lentr'culha sp. cf. L. chehalensis 
Lenticulina crassa 
Lenticulina inomafa 

Lenticulina limbosa hockleyensis 
Lenticulina miocenica 
Lenticulina nickolmrensis 
Lenticulha sp. cf. L. texanu~ 
Lenticulina sp. aff. L. welchi 
Martinottiella eocenica 
Melonis pompilioides 
Nodosaria sp. 
Nonionella longbmta 
Nonionella sanctaemcis 
Nonwn bIakekymis 
Nonwn sp. aff. N. cal~omkmis 
Nonwn incinmt 
Nonwn sp. cf. N. planar~m 
Oridorsalis rcmbonatus 
P l e h  garmmis 
Plectofiondid&a? sp. 
Praegbbobulimina p u p o ~  
Pseudoglandulim i@hta 
Pseudogrcutdulina nallpeemk 
Pseudopolymorphina sp. 
Pulleniu e o m ' w  
Pulleniu mulcilobata 
Pullenia sp. cf. P. quinqueloba 
Pyrgo cowlitZensir (large) 
w g o  w 
Quinqueloculina godyxedi 
Quinqueloculina byerialis 
Quinqueloculina imperiulis portmensis 
Quinquebculina weuveri 
Rhabdammina eocenim 
Sigmoilina tenuis 
Sigmomorphina schenki 
Sigmomorphha sp. aff. S. schenki 
Sigmomorphina u n a h h  
Siphonodosaria sp. (fragments) 
Sphaeroidina wrbbilis 
Ttmulmia sp. cf. T. adaltu 
Trochummina globigerh$onnis 
Trochammina pama 
Uvigerina sp. cf. U. c a r m e h i s  
Uvigerina sp. cf. U. c o c o i ~ ~ ~ i s  
Uvigerinu ga?zmmC 
Uvigerinella h a  impolira 
Vaginulinopsis slamdersi 
Valvulineria menloensis 
Verneuilina? sp. 
Verneuilina sp. aff. V. compressa 

Planktonic Foraminifera 
Globigerim sp. 
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Globigerina sp. cf. G. bulloides 
Globigerina sp. cf. G. seUii 

Late Oligocene 

Benthic Foraminifera 
Adercotryma sp. 
Anomalina glabrata 
Buccella man.$eldi oregonenk 
Buccella sp. cf. B. parkae 
Bulimim avata 
Carsidulina sp. cf. C. crassipunclara 
Cassidulina galvinensis 
Carsidulina sp. cf. C. mode lmk  
Cibicides sp. aff .  C. elmaensis 
Cibicidesfirihtwr 
Cibic* sp. cf. C. mckmvtai 
Cibicides sp. cf. C. perlucida 
Cribroclphidium sp. cf. C. vulgare 
C y c h i n a p o c j f ; ,  
ElphidieUa sp. cf. E. califm'ca 
G10bobulimina pacjficur 
GlomospireUa sp. 
Gyroidina sp. cf. G. condoni 
Gyroidina orbiculark p l a ~ t a  
Gyroidina soldanii 
Haplophragmoides oblique- 
Haplophragmoides trullissata 
Melonis pompilwides 
Oridorsulk sp. cf. 0. umbonatus 
Quinquelodina sp. cf. Q. imperialk 
Quinqueloculina sp. cf. Q. weat& 

Planktonic Foraminifera 
Globigerina praebulloides 
Globigertra sp. cf. G. ~~~a 
Globigerina sp. cf. G. venemlmta 

Early Oligocene 

Benthic F d d f e r a  
E l l i p s o ~ i a  sp. 
Gumlha sp. 
Lentidina sp. 
Marginulina? sp. 
Pseudoglmdulina sp. cf. P. laevigafa 
Sphaeroidina varfabilk 
TrochammLta sp. cf. T. globig&~ormis 
Uvigerina sp. cf. U. subperegrina 
Valvulineria sp. 

Planktonic Foraminifera 
Globigerina sp. 
Globigerina sp. cf. G. bulbides 

Late Eocene to early Oligocene 
Benthic Foraminifera 

Alabamina sp. 
Alobamina sp. cf. A. Remerisk 
Alubamina sp. cf. A. w i l c o ~ m ~ ~ k  
Ammodkcus sp. 
Asterigerina crassfonnir 
Bathysiphon sp. 
Gassidulina sp. cf. C. galvinensk 
Cibicides spiropuncratus 
Cyclammina spp. 
Cyclammim pacjfica 
Discorbif. sp. 
Eggerella sp. 
Eggerella elmgala 
Ellipso&aria sp. cf. E. cocoaensk 
Epistomina eocenrenrca 
E'nides sp. cf. E. frizzelli 
Eponides gaviotaensk 
Globobulimina sp. 
Guttulina sp. cf. G. hunthi  
Gyroidina orbiculark 
Gyroidina orbicuhis plonata 
Haplophragmoides sp. 
KarrerieUa sp. 
m e n a  sp. 
Lagem sp. cf. L. costam 
Lentidina sp. cf. L. inomata 
Lenticdina sp. cf. L. weaveri 
Martinottiella sp. (fragment) 
Melonis pompilwides 
Oridorsalk umbonalus 
Orthomorphina? sp. 
Plectofrndimbia? sp- 
Praeglobobulimina pupides 
Rhabdammina sp. cf. R. eocenica 
Sigmomorphina schenRi 
SpiroplectamrniM directa 
SpiroplectcmMlina sp. cf. S. tejonensir 
Uvigerina anvilli 
Uvigerina chutchi 
Uvigerina maaensk 
Uvigerina sp. cf. U. jackonemis 
Uvigertra sp. cf. U. yazooensir 
Valvulineria sp. cf. V. tumeyemis 
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Planktonic Foramidera 
Globigerina sp. cf. G. bulbides 

Eocene 

Late Eocene 

Benthic Foraminifera 
Alabamina sp. cf. A. kernensir 
Allomorphina sp. 
Allomorphina sp. cf. A. macrostomu 
Amnwdisnrsincm 
Ammodbcus sp. cf. A. macilenhcs 
Ammodism sp. cf. A. Curbinatus 
Anomalina calfomiensir 
Anomalina sp. cf. A. danvilhir 
Bathysiphon spp. 
Bathysiphon sp. cf. B. eocenica 
Biloculina sp. 
Bulimina comgata 
Bulimina sp. cf. B. ovata 
Bulimina sp. cf. B. p~poides 
~ s i d u l i n a   crass^ 
Cossidulina galvinemis 
Cassidulina madeloensis 
Ceratobulimina whbumi 
Cibicides ehuemis 
Cibicides sp. cf. C. martinezenris 
Cibicides perlucidus 
Cibicides p s e u d o m g e r ~  
Cornuspira byramemis 
Cribrostomoides sp. 
Cyclammina cutlceh 
CycIammina cmcellata &a 
Cyclammina cJmRi 
Cyclammina incira 
Cyclammina pac@cza 
Dentalina comnwris 
Discurnminu? sp. 
Ellipsonodasaria sp. cf. E. C O C ~ ~ S  

Epistomina em& 
Epistomh sp. cf. E. ramnnensis 
Eponides sp. 
Eponides kleinpeli 
Eponides sp. cf. E. minuta 
Glbbobulimina pac* 
Glonwspira charoides corona 
Gyroidina sp. 
Haplophragmoides sp. 
Karreriella? sp. 
Karreriella chaplmwis 
Karreriella -is 

Lentidina spp. 
Lenticulina 
Lenticulina mvergens 
Lenticulina in om at^ 
Lenticulina weaveri 
Melo& sp. cf. M. umboMhcs 
Osangularia t enu iomm 
P l e c t o f i o n d m  sp. 
P s e u d o g ~ i n a  sp. 
Pullenia sp. cf. P. bulbides 
Pullenia sp. cf. P. eocenim 
Quinqueloculina impmidis 
Saracenmia sp. 
Sigmoilina tenui~ 
Sigmomorphina schencRii 
Siphogenerina sp. aff .  S. smithi 
Sphaeroidina miabilb 
Spiropkctammina? sp. 
Spiroplecta& dire- 
Spiroplecta& laam 
Textulario sp. 
Trochamminoides sp. 
Uvigerh sp. (costate) 
Uvigerina atwilli 
U v i g h  sp. cf. U. chwchi 
Uvigerina comzmiss 
U v i g h  sp. cf. U. gallavayi 
Uvigerina sp. cf. U. gar- 
Uvigerina vicksburgemis 
Vaginulina sp. 
VaginuZinopsis? sp. (fragment) 
VaginulinopsiF sp. cf. V. salaulersi 
Valvulineria sp. 
Valvulineria sp. cf. V. childsi 
Vialvulineria wilhpemb 
Verneuilina? sp. 

Planktonic Foraminifera 
Gatapsydrax disstnilis 
Carapsydrax unicxnw 
&big& sp. (crushed) 
Globigerina angip0rokie.v 
Globigerina sp. cf. G. eocerdaa 

Globigerina l h p r f a  
Globigerina praebulloides 
Globigerina utilishah 
Globigerinatheka semiinduta 
Globorotolia insolita 
Globorotalia opima nana 
Globorotoloides (y~~coselleensir 
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Middle Eocene 

Benthic Foraminifera 
Allomorphina sp. cf. A. mcroskma 

Boldia hodgei 
Bolivina sp. cf. B. scabram 
BudashaeveIka sp. cf. B. multicomta 
Bulimina sp. cf. B. am@ 
Bulimina sp. cf. B. cormgatla 
Bulimina sp. cf. B. instabilk 
Bulimina sp. cf. B. lirata 
Bulimina sp. cf. B. microcostata 
Bulimina ovato 
Bulimina sp. cf. B. pyrula 
Cbssidulina sp. aff. C. globosa 
Cerarobullmlna sp. cf. C. wmhburnl 
ChilostomeUa sp. cf. C. cylindroides 
Chilostomlla owides 
Cibich- sp. cf. C. furr~nanu- 

Cibicides sp. aff. C. spiropunctatus 
Dororhia sp. cf. D. bulletm 
E'n ides  meriauucs 
Globobulimina pocjficn 
Globobulimina pc@x oregonensk 
Glomc~pim? sp. 
Lenhnhculina chirarua 
Lenticulina sp. cf. L. inomara 
Lenticulina irrsueta 
Lenh'culina sp. cf. L. vortac 
Lenticulina sp. cf. L. welchi 
Plectofi.ondi& sp. cf. P. jenRenri 
P l e u r o ~ l l a  sp. cf. P. pabocenica 
Polymorphina sp. cf. P. avcrta 
Reophmc sp. 
Reticulop?uagtnium (Alveolophragtnium) sp. cf. 

R. mpkctem 
Sigmoilina sp. 
Spiroplectammina sp. 
Textukwia sp. 
T r M i n a  sp. aff. T. z e a l d i w  
Trochammina sp. 
U v i g h  sp. 
Uvigerina sp. cf. U. churchi 
Uvigerina sp. cf. U. garzaensis 
Uvigerina sp. cf. U. yazooenris 
UvigertteUa sp. cf. U. obesa impdita 
Valvulineria sp. 
Valvulineria sp. cf. v. tumeyenris 
Virgulina sp. 

Planktonic F0mnhife.m 
Globigerina eo&ena 

Globigerina t r i pdh  
"Turborotalia" sp. cf. T. wilsoni 

Late early to early middle Eocene 

Benthic F o r d f e r a  
Alveolophragmium sp. 
Amphimorphina sp. aff. A. califonticcr 
Anomalina sp. aff. A. packdi  
Anomolina sp. aff. A. tennesseensir 
Anomalina? sp. cf. A. untbonata 
Bulimina sp. cf. B. guayabilemk 
Bulimina sp. cf. B. macilenta 
Cibicides sp. cf. C. howelli 
Cibichfes pseudoungerk lbbonensis 
Cibicides (Cibicidoides) sp. cf. C. subspiraazs 
Cibicbks (Cibicidoides) sp. cf. C. t u x ~ i s  
Cibiciah sp. cf. C. venezuelensk 
Crovulinoides wlfomiaa 
qcIPmmina clmki 
Qchnrnina incisa 
qclammina sp. cf. C. paciJica 
~clammina somonim 
Dentalina sp. cf. D. catenula 
Dentalina sp. cf. D. dalimtula 
Dentalina sp. cf. D. jacksonensis 
Dentalina sp. cf. D. oolinata 
Dorothia sp. cf. D. o x y m  
Dorothia sp. cf. D. trochoides 
Eggerella sp. 
EIlipsogkddina sp. cf. E. subobesa 
Epniaks sp. af f .  E. do@ 
Epnides sp. cf. E . ellisora. 
Gaudryim sp. cf. G. laevigata 
Gaudryina sp. cf. G. pyrmidata 
Gavelinelha sp. 
a?#*& sp. 
Go~tosphaera eoceniw 
Gyroidina sp. cf. G. florealis 
Gyroidina orbicuhris 

Kameriella sp. 
Lagem sp. cf. L. vulgaris 
Z~nticulina sp. cf. L. alato-limbata 
Lenticulina sp. cf. L. arcuato-striata 
Lcntrntrculina sp. cf. L. cwledensis 
Lentrntrculina sp. cf. L. innreta 

Lenticulina sp. cf. L. ltnbosa 
Lenticulina sp. cf. L. pseudocultrata 
Lenticulina sp. cf. L. pseudavortex 
Lenticulina sp. cf. L. them 
Nodosaria delidm 
Nodosaria sp. aff. N. iatejugata 
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Nodosarella comicra 
Nonion? sp. cf. N. m i m  
Oridorsalis MlboMlUs 
Osangularia sp. cf. 0. culter 
Osangularia sp. cf. 0. tenuicarinata 
Ramuljfera? sp. cf. R. globuljfera 
Rotorbinella? sp. cf. R. collicula 
Tritarillina sp. 
Uvigerina sp. cf. U. rippensis 
Vaginulinopsis makma kemi 
Vaginulinopsis t n t x i m  nudiaxtafa 
Vaginulinopsis mexicana wandlensis 
Vaginulinopsis vemmlosa 
Valvulha sp. 
Valvulineria sp. aff. V. coopermis 

Planktonic Foramidera 
Acarinina breedermMi 
Acarinina bulbrd  
Acarinina sp. cf. A. pentamnerata 
Acarinina primitiva 
Acarinina sp. cf. A. s p i n u l o m  
Globigerina sp. cf. G. boweri 
Globigerina sp. cf. G. oyptomplrala 
Globigerina hagni 
Gl0bigei-h sp. cf. G. inaequkpira 
Morozovella sp. cf. M. aragonensis 
Planorotalites psewbscitub 
Pseudohastigerina wil~~ensb 
Tmcorotaloicks topiensis 
Turborotalia momdensis 
Turborotalia cerr-is fiontosa 
Turborotalia g r # h e  
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Appendix B. ARCO OCS Y-0007 No. 1 well 

Conglomerate 
(Diamictite and 
Tillite) 

.-:- -...*...- - 

.f;iijji;:-:;?:- Crossbedded .;=-::::-;;::::::- 
---:-----.,*::: Sandstone ---..-::.-..-- . .- ----..- .-.:::: .-----: --- -  -- ..-:-.- -- :::-a ..;;---- ::::::: . .-.::::: :y--- W 
...----... 

- - - - --. -. ...-.--... Siltstone ...-...-. -.-...--. ...-...-. ...-.---. ...-...-* .-.-.---. ...-...-. ...-.---. 

&-b& ,.+.+--...,. 
.s-sZ2>+. .*+*->-+-&,- 

------ ------ ------ - - - - - - Claystone ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ a 
- - Shale 

Above. Explanation of symbols 
used for rock types. 

Right. Conventional core locations 
in the ARCO OCS Y4007 No. 1 
well. Depths are measured from 
the Kelly bushing, which was 
95 feet above sea level. Water 
depth is 250 W. 
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2.770' 

5.370' 

7.290' 

11.580' 

15,950' 

Depth 
Kelly Bushing 0' 

95' - 
345' - 

1,000' - 
1.410' - 

2.000' - 

3,000' ' 

4.000' - 

5.000. - 

6,000' - 

7.000' - 

8.000' - 

9,000' 

10.000' - 

1 1,000' - 

12.000' - 

13.000' - 

14*wov -' 

15.000' 

16.000' - 

17,000' - 

Totol Depth 17.920' 

in Feet 

Sea Level 
Sea Floor 

F~rst Sornple 

Core 1 
4.860'-4.876 5' 

tors 2 

6.348.5'-6.378.5' 

core 3 

8.770'-8,812' 

Core 4 
D11.539'-11,548' 

Core 5 
13.387 - 13.396 5 

Core 6 
13.951'-13.972' 

Core 7 
15,000'-15,029' 

Core 8 
15.548'- 15.574' 

Core 9 
17a905'-17,917' 
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Core 1 consists of medium-gray, matrix- 
supported conglomerate with a silty, fine- 
to coarse-grained sandstone matrix 
containing rounded and subangu1ar pebbles 
of black siltstone, gray and white volcanic 
rock fragments, and chert. The largest 
pebble seen is a lenticular sandstone 
1.5 centimeters in length. There are 
numerous clear to cloudy, angular to 
subangular, coarse quartz grains about 
0.5 millimeter in ni7e "flontingw in the 

h e r  grained matrix. The igneous rock 
fragments consist of quartz, feldspar, 
mica, and hornblende. Rare mollusc shell 
fragments, glauconite grains, and 
bronze-colored mica flakes are present. 
Rare micro-slickensidea are also present. 
There is some calcite cementation. 

This core is from the upper Yakataga 
Fotmation and is early Pleistocene in age. 
The environment of deposition was middle 
to outer neritic. 

Conventional core 1. No porosity, permeability, or grain density data were available for this core. 
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Core 2 consists of medium-gray, 
micaceous siltstone. A few calcareous 
foraminifera and mollusc shell fragments 
are present as well as rare flakes of 
bronze-colored mica and thin streaks of 
small pyrite framboids. Calcite cement is 
present in most of the siltstone. At 6,360.2 
feet, calcite-coated, nearly horizontal 
micro-slickensides are present as well as 
faint, horizontal streaks of dark 
utrbunacwus luatcrial. 

This core is from the lower Yakataga 
Formation and is late Pliocene in age. The 
environment of deposition was outer 
neritic to upper bathyal. 

Conventional core 2. No porosity, permeability, or grain density data were available for this core. 

Appendix, B-3 
OCS Y-0007 No. 1 well 



Grain 
Porosity Permeability Density 

Core 3 consists mainly of medium-grained 
g a y  sandstone containing a few rounded 
pebbles of black siltstone, chert, and 
plutonic rocks up to 8 millimeters in 
diameter. The sandstwe is made up of 
angular, clear and cloudy quartz grains and 
contains rare euhedral rosecoid garnet, 
peen and gray chert grains, rare bronze- 
colored mica flakes, rare eoal, and a minor 
amount of silt. At 8,789 feet, there is a 
hori~nntal layer of fine-grained, gray 
sandstone about 1 centimeter thick. The 
sandstone represented by this core has 
good reservoir rock characteristics. 

This core is from the Yakataga Formation 
and is early Pli- in age. The 
environment of deposition was upper 
bathyal. 

Conventional core 3. Porosity (in percent), permeabiity (in millidwies), and grain density (gmlcm3) data &om 
Core Laboratories reports. 

B 4 ,  Gulf ofAlaska Geologic Report 
OCS Y-7 No. 1 well 



Conventional cores 4 (top) and 5 @ottom). Porosity (in petcent), p e m b i i t y  (in millidarcii), and grain density 
(gm/~m3> from Core Laboratories reports. 

Depth 
( Feet) Grain 

Porosity Permeability Density 
- Core 4 consists of gray, medium- and 
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1.2 
1 .o 
1 -9 
9.3 
9.2 
9.0 
7.3 
6.7 
9.3 

0.1 
0 .o 
0.1 
0.5 
0.4 
0.2 
0.1 
0.4 
0.4 

This core is from the lower Yakataga 
Formation and is early Pliocene in age. 
The environment of deposition was upper 
bathyal. 

bpZh 
Grain 

Porosity Permeability Density 

2.73 
2.69 

.76 
2 -68 
2 -70 
2.67 
2.67 
2-67 
2.69 

. - m e .  

fine-grained sandstone. The grains are 
angular and subangular quartz, feldspar, 
and ferromagnesian minerals. Rare coal 
and mica are present. There is some calcite 
cement and slkkensides with sparry calcite 
surfaces. A gastropod shell 12 millimeters 
long is present at 11,539 feet. 

and 13,395.5 feet contain vertical, gray 
and white bands up to 1 millimeter in 
width. A few slickensides sre present. Tbe 
sample at 13,394 feet contains a 
5-millimeter-long piece of caal associated 
with pyrite blebs. 

This core is from the Poul Creek 
Formation and is Oligocene in age. The 
environment of deposition was middle 
bathyal. 

Core 5 consists of light-gray, silty, 
micaceous, fine- and very finegrained 
'salt and pepperw sandstone: black 
materials are coal, mica, and 
ferromagnesian minerals; the lightcolored 
minerals are quartz and feldspar. Faint 
horizontal bands of dark-colored organic 
materials are visible at 13,387 feet. Tbe 
samples taken from 13,391.5, 13,393.5, 

1.2 
1 .o 
1.9 
9.3 
9.2 
9 .O 
7.3 
6.7 
9.3 

0.1 
0 .o 
0.1 
0.5 
0.4 
0.2 
0.1 
0.4 
0.4 

2-73 
2.69 
2.76 
2-68 
2 -70 
2.67 
2.67 
2 -67 
-69 



Grain 
Porosity Permeability Density 

Core 6 consists of medium-gray, massive, 
coaly, clayey, micaceous, well-indurated, 
very fine-grained sandstone and siltstone. 
Pyrite aggregates up to 2 millimeters in 
diameter are present. Rare mollusc shells 
are present, usually associated with pyrite 
and organic fragments. At 13,%3.5 feet, 
there is a piece of coal 5 millimeters long. 
The sample from 13,%9 feet displays 
vertical laminations up to 1 millimeter thick 
composed of light- and medium-gray 
siltstwe. 

This core is from the Poul Cr& Formation 
au+ is Oligocene in age.The environment 

of deposition was middle bathyal. 

Conventional core 6. Porosity (in percent), permeability (in millidarcies), and grain density (sm!crn'> from Core 
Laboratories re-. 
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Depth 
.Feet ) Grain 

Porositv Permeabilitv Density 

Core 7 consists of medium-gray, well- 
indurated, silty, massive, micaceous, 
moderately coaly, very fme-grained quartz 
sandstone. Pyrite is rare, usually associated 
with coal fragments. Rare mollusc shell 
fragments and foraminifm are present as 
well as rare flakes of biotite, muscovite, and 
phlogopite. 

This core is from the Poul Creek Formation 
and is Oligocene in age. 'Lhe environment 
of deposition was middle bathyal. 

Conventional core 7. Porosity (in percent), permeability (in millidarcies), and grain density cgmlcm3) from Core 
Laboratories reports. 

Appendix, B-7 
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Core 8 consists of medium-gray, 
well-indurated, micaceous, clayey, 
carbonacwus siltstone. Rare molluscan 
fragments, foraminifera, and streaks of 
pyrite are present. The sample h m  
15,558 feet contains a bivalve 
8 millmeters long. The sample f?om 
15,554 feet exhibits faint, darker gray 
color banding inclined about 15 degrees 
from the horizontal. The sample from 
15,555 feet contains a burrow, 
15 millimeters in diameter, filled with 
slightly darker siltstone. All of the 
samples below 15,562 feet exhibit 
slickensides, some with calcite coating on 
the surfaces. 

This core is from the Poul Clak 

Formation and is Oligocene in age. The 
environment of deposition was middle 
bathyal. 

Conventional core 8. No porosity, permeability, or grain h i t y  data were available for this core. 
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Core 9 consists of medium-gray, silty, 
carbonaceous, micaceous, fine- and very 
fine-grained sandstone. Rare pyrite blebs 
are associated with finely disseminated 
organic material. There are randomly 
oriented burrows up to 14 miliimeters in 
length filled with slightly darker siltstone. 
The sample from 17,915 feet displays 
carbonaceous and micaceous laminae up to 
2 millimeters thick. 

This core is from the Poul Creek Formation 
and is late Eocene in age. The environment 
of deposition was middle bathyal. 

Conventional core 9. No porosity, permeability, or grain density data were availabk for this core. 
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2.81 clayey sandy conglomerate 

2.78 medium- and fine-grained clayey 
sandstone 

2.72 fine- and very fine-grained 
sandstone 

2.77 sandy conglomerate 

2.74 fine- and very fine-grained 
sandstone 

2.75 medium- and fine-grained 
sandstone 

2.73 fine- and very fine-grained 
sandstone 

2.72 fine- and very fine-grained 
sandstone 

2.73 fine- and very' fine-grained 
sandstone 

2.70 fine- and very fine-grained 
sandstone 

2.77 medium- and fine-grained pebbly 
sandstone 

2.78 fine- and very fine-grained 
sandstone 

2.77 very fine-grained sandstone 

2.72 very fine-grained silty clayey 
sandstone 

2.76 very fine-grained silty sandstone 

2.73 medium- and fine-grained clayey 
sandstone 

2.68 fine- and very fine-grained clayey 
sandstone 

2.75 clayey siltstone 

2.73 clayey pebbly siltstone 
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2.70 fine- and very fine-grained pebbly 
clayey sandstone 

2.69 fine-grained clayey sandstone 
and siltstone 

2.70 medium- and fine-grained clayey 
sandstone 

2.72 very fine-grained silty clayey 
sandstone 

2.78 very fine-grained silty clayey 
sandstone 

2.72 very fine-grained silty clayey 
sandstone 

2.78 very fine-grained silty clayey 
sandstone 

2.74 very fine-grained silty clayey 
sandstone 

2.73 very fine-grained silty clayey 
sandstone 

2.70 very fine-grained silty clayey 
sandstone 

2.69 fine- and very fine-grained 
sandstone 

2.73 very fine-grained silty clayey 
sandstone 

2.68 very fine-grained silty clayey 
sandstone 

2.65 fine- and very fine-grained 
sandstone 

8,750 18.2 0.9 2.73 pebbly siltstone 

8,762 20.6 31 2.70 very fine-grained silty sandstone 

8,763 28.1 84 2.74 very f ine-grained sandstone 

8,764 31.5 59 2.79 fine- and very fine-grained 
sandstone 

8,765 24.4 41 6 2.73 fine- and very fine-grained 
sandstone 

(continued) 
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2.71 medium- to very fine-grained 
sandstone 

2.74 medium- to very fine-grained 
sandstone 

2.74 medium- to very fine-grained 
sandstone 

2.67 medium- to very fine-grained 
sandstone 

2.67 fine- and very fine-grained clayey 
sandstone 

2.71 very fine-grained conglomeratic 
sandstone 

2.71 medium- to very finegrained 
sandstone 

2.70 medium- to very finegrained 
sandstone 

2.72 medium- to very fine-grained 
sandstone 

2.71 medium- to very fine-grained 
sandstone 

2.72 medium- to very fine-grained 
sandstone 

2.65 medium- to very fine-grained 
sandstone 

2.74 fine- and very fine-grained 
sandstone 

2.68 fine- and very fine-grained 
sandstone 

2.69 medium- and fine-grained 
sandstone 

2.74 f ine-grained sandstone 

2.74 medium-grained sandstone 

2.72 medium- and fine-grained 
sandstone 

2.69 medium- and fine-grained pebbly 
sandstone 
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- 
(continued: OCS Y-0007 No. 1, sidewall core data) 

Depth Porosity Permeability Grain Density 
(feet) (percent) (millidarcies) (gmlcm3) Lithologic Description 

8,789 22.5 55 2.7 1 very f ine-grained conglomeratic 
sandstone 

8,790 23.3 152 2.68 medium- to very fine-grained 
sandstone 

8,791 24.4 36 2.72 medium- to very fine-grained 
sandstone 

8,792 23.3 28 2.71 medium- to very fine-grained 
sandstone 

8,793 23.5 95 2.71 medium- to very fine-grained 
sandstone 

8,794 23.0 25 2.72 fine- and very fine-grained 
sandstone 

8,795 24.8 104 2.74 fine- and very fine-grained 
sandstone 

8,796 26.7 48 2.69 fine- and very fine-grained 
sandstone 

8,797 27.2 98 2.72 fine- and very kne-grained 
sandstone 

8,799 24.4 36 2.77 fine- and very fine-grained 
sandstone 

8,800 21.6 23 2.74 medium- to very fine-grained 
sandstone 

8,801 27.2 33 2.74 medium- to very fine-grained 
sandstone 

8,802 24.7 286 2.69 fine- and very fine-grained 
sandstone 

8,803 24.1 38 2.70 flne- and very fine-grained 
sandstone 

8,804 22.7 17 2.71 fine- and very fine-grained 
sandstone 

8,805 29.2 322 2.71 fine- and very fine-grained 
sandstone 

8,806 28.9 45 2.73 medium- to very fine-grained 
pebbly sandstone 

8,808 25.5 56 2.72 fine- and very fine-grained 
sandstone 

8,809 26.1 97 2.71 very fine-grained silty sandstone 

(continued) 
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2.68 very fine-grained sandstone 

2.7 1 very fine-grained sandstone 

2.69 very fine-grained sandstone 

2.68 very fine-grained sandstone 

2.72 very fine-grained sandstone 

2.73 very fine-grained sandstone 

2.74 fine- and very fine-grained clayey 
sandstone 

2.67 fine- and very fine-grained clayey 
sandstone 

2.73 fine- and very finegrained clayey 
sandstone 

2.74 very fine-grained silty clayey 
sandstone 

2.70 medium- and fine-grained clayey 
sandstone 

2.70 fine-grained silty clayey sandstone 

2.70 very fine-grained silty clayey 
sandstone 

2.73 fine- and very fine-grained clayey 
sandstone 

2.76 fine- and very fine-grained clayey 
sandstone 

2.74 medium- to very fine-grained 
clayey sandstone 

2.73 medium- to very fine-grained 
clayey sandstone 

2.72 medium- to very fine-grained 
clayey sandstone 

2.72 medium- to very fine-grained 
clayey sandstone 
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2.74 very fine-grained conglomeratic 
clayey sandstone 

2.70 fine- and very fine-grained 
sandstone 

2.72 fine- and very finegrained 
sandstone 

2.80 fine- and very finegrained 
sandstone 

2.79 very fine-grained silty sandstone 

2.78 fine- and very fine-grained silty 
sandstone 

2.69 very fine-grained silty sandstone 

2.83 very f ine-grained sandstone and 
siltstone 

2.86 very fine-grained silty sandstone 

2.82 very f ine-grained silty sandstone 

2.78 very fine-grained silty sandstone 

2.83 fine- and very fine-grained silty 
sandstone 

2.68 very f ine-grained silty clayey 
sandstone 

2.70 very f ine-grained silty clayey 
sandstone 

2.80 very f ine-arained clayey sandston 

2.67 fine- and very fine-grained 
sandstone 

2.70 very fine-grained clayey sandston 

2.73 very fine-grained silty clayey 
sandstone 

2.71 fine- and very fine-grained clayey 
sandstone 
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2.76 very fine-grained silty clayey 
sandstone 

2.70 very fine-grained silty clayey 
sandstone 

2.74 very fine-grained silty clayey 
sandstone 

2.72 very fine- rained silty clayey 
sandstone 

2.7 1 very fine-grained silty clayey 
sandstone 

2.71 very fine-grained silty clayey 
sandstone 

2.68 very fine-grained silty clayey 
sandstone 

2.86 fine- and very fine-grained 
sandstone 

2.69 very fine-grained silty sandstone 

2.67 medium-grained conglomeratic 
sandstone 

2.72 very fine-grained sandstone 

2.66 very fine-grained sandstone 

2.72 very fine-grained sandstone 

2.76 very tine-grained sandstone 

2.61 very fine-grained sandstone 

2.68 very fine-grained silty sandstone 

2.65 very fine-grained silty sandstone 

2.64 very fine-grained silty sandstone 

2.63 very fine-grained silty sandstone 
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2.64 very fine-grained silty sandstone 

2.61 very fine-grained silty sandstone 

2.63 very fine-grained silty sandstone 

2.62 very fine-grained silty sandstone 

Appendir, B-17 
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Appendix C. Shell Oil Company OCS Y-0014 No. 1 and No. 2 (redrill) well 

Conglomerate 
(Diamictite and 
Tillite) 

.-..>..>.{I?->-- F] .--.-_<.----.--. .:.-. "ndstone 
+::<-:**- .:- *:-.--. 
->--- .-.. --*- -:-:;:;-<-- --- -- --. - .- -_.... . I-.'--.--.--:<- 
-:-. .>- . - .- -.>>-. 

..--.---. ...-...-. . .. -. -. - - . Siltstone ...-...-. ----.-.--. 
0.0-...-. ...-...-... ...-...-- ...-...--. ...-...-. ..*-. "--. R 

------ ------ ------ -- ---- Claystone ------ ------ ------ ------ ------ ------ ------ 
-me--- ------ ------ 

Above. Explanation of symbols 
used for rock types. 

Right. Conventional core 
locations in the Shell OCS YM)14 
No. 1 and No. 2 (redrill) well. 
Depths are measured from the 
Kelly bushing, which was 90 feet 
above sea level. Water depth is 
485 feet. 
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Depth 
Kelly Bushing 0: - 

90 

575' - 
1.000' - 

2.000' - 
2,220' - 

3,000' - 

4,000' - 

5.000' - 

6,000' - 

7.000' - 

8,000' 

9.000' - 

10,000' - 

1 1,000' - 

12,000' - 

13,000' - 

14.000' - 

15.000' - 
Total D e ~ t h  15.390' 

4.440' 

6.480' 

8,820' 

10,410' 

12.250' 

13.480' 

in Feet 
Sea Level 

Seo Floor 

First Sample 

Core 1 

'7,328'-7,350' 

Core 2 
8,222'-8,230' 

Core 3 
9.727'-9.745' 
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Conventional core 1. No porosity, permeability, or grain density 

Core 1 consists of silty, medium- d 
dark-gray, well- indurated claystone 
containing abundant M t a l  material 
ranging from very line-grained sand to 
pebbles up to 2 ceotimeters in diameter. The 
pebbles are rounded to angular, randomly 
distributed, and are composed of 
sedimentary, metamorphic, and igneous 
rock. There is some calcite cement and iine 
pyrite present in the top 2 ket of the core. 
There are some f a i y  visible laminae 
dipping 5 to 10 degrees from the horizontal 
and some small-scale crossbedding. At 
7,346 feet, there is a diorite cobble greater 
than 10 centimeters in diameter. 

This core is from tbe lower Yakataga 
Formation and is P W  i age- The 
environment of deposition was outer neritic 
to upper bathyal. 

I 

data were available for this core. 

C-2. Gu~of,ilaska Geologic R e p  
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Dapw 
(Feet) 
8,222' Core 2 was badly broken, coming out of the -=v.;q!=>.'~?'Gg# 

;.-:b>-F:*3.?:*3. core barrel in fragments, making orientation 
-<~.u:.'.~;P&~.F:~ difficult. Exact depths within the cored 
;.F-;.D:-~.?:~.L interval cannot be determined. 
-"f Q=-t.y:*< qg 

8 z 7 '  -.~-~.~.v.*.k.v.*-i. . .- .---. --. - 'Ihe top two-thirds of the core, from 
. -._-._-. -. - -  

* - ._--_ .-.<~.i.&.-.;~.~.*. 8,222 to approximately 8,227 feet, is 

. .a%. i b composed of diamictite with a matrix 
8,230' consisting of silty claystone, siltstone, and 

fine- and very fine-grained sandstone. The 
clasts are well-rounded to angular rocks of 
volcanic, plutonic, metamorphic, and 
sedimentary origin. 'Ihe maximum clast size 
is about 8 centimeters in diameter. The next 
15 inches of the con are composed of 
angular to subrounded very h e -  and fine- 
grained gray sandstone with a dip of about 
17 degrees from the horizontal. 'Ibere is 
some calcite cement. The rest of the core is 
composed of diamictite, similar to the upper 
portion above the s a n h  layer, but with 
the maximum size of the clasts about 
2 centimeters in diameter. 

This core is from the lower YIkataga 
Formation and is Pliocene in age. The 
environment of deposition waa outer neritic 
to upper bathyal. 

Conventional core 2. No porosity, permeab'iity, or grain density data were available fix tbis core. 

Appendix, C-3 
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Conventional core 3. Porosity (in percent), permeability (in milkbreies), and grain density (gm/cm3 fiom Core 
Laboratories reports. 

Depth 
( Feet 

Grain 
Porosity Permeability Density 

Core 3 was retrieved fiom the core barrel, 
after coring for 9.7 how, as unconsolidated 
sand and broken fragments of rock. 

The upper 8 feet of fhe core consists of 
diamictite. Sizes range &om clay to mcks 
15 centimeters in diameter. Many of the 

C4, Gulf of Alaska Geologic Report 
OCS Y-0014 No. 1 and No. 2 ( r H )  well 

9,737' 

9,742' 

9,745' 
Formation and is Pliocene in age. The 
environment of deposition was outer neritic 
to upper bathyal. 

- ..... - - - . - .  . -. .. -. -. -. --.. .-.- .-.- .-.* :.- : ._.. . .  . - - _ - _  - .-.. --.. :.- .-.--.:: . -. .- . _ -  . .-. _ . _ -  -.---.---.---.-.-.---.-, - - _  - -  - *  - .  -. . -. .* -. -. - _  .. ._ -. -. - _  - - . . ..- - - - . -  - - -  .- . --  - ---- .------------.--.--. 
' . --. -.-- ---* - -  - *'. - .  - .  . - - _ -  .........._.. . - -._-. -. -. . . . . . - - - . .  -. .. -. -. - -  - - -  - -  - -  -._-._.. . . -  -. -. ._ -. - .  - 
* -.--.--...-.---: -.-:.-.----.----.-------.- ._-*_-..-__._ -. . - * . ._-._ . . .  . - -.-- . - .  . - . - - - - .. .--- . -._- ._-_..._-_.. . . . .  -- -- . .- ' .- - -- .--- : 

angular and subangular clasts are dark-gray 
shale; others are of igoeous and 
metamorphic origin. Tbe lower 10 feet of 
the core is composed of fible, light- and 
medium-gray, poorly sorted, pebbly, clayey 
and ailty sandstone. The pebbles are angular 
to subrounded. There is some calcite cement 
present. The entire core appears to have 
poor visible porosity and permeability. 

This core is from the lower Yakataga 



OCS Y-0014 No. 1 and 2 wdls sidewd core data 
(modified from Core Laboratories reports) 

Depth Porosity Permeability Grain Density 
(feet) (percent) (millidarcies) (gm/crn3) 

5,995 27.1 32 2.89 

7,304 24.2 1,600 2.74 
(fractured) 

7,306 29.2 - 3.63 

7,309 29.0 1 82 2.91 

7,310 32.8 - 3.1 9 

7,316 23.4 14 3.08 

7,317 25.6 77 2.71 

7,320 24.8 53 2.85 

7,322 29.1 370 2.70 

7,324 30.7 390 2.76 

7,326 23.2 45 2.74 

7,328 30.3 - 2.71 

Appendir, C-5 
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Appendix D. Texaco OCS Y-0032 No. 1 well 

i. .b.i - Conplomerate 
if%~y;,i (Diamictite and 
'qiP. b3.e Tillite) +.- 

.>-<::: .. .::--. - 
=-=.*j;ir!:::; Crossbedded - - Sandstone _-:-.....-. 

. ---:.-: :::::= --. - me. - -  :.-::--.::-: 
-.:>-.;:.:r--- . -..-: ...- -. 

. . . -. Siltstone 

+<L.-,.+. 
L.C++-.L ,, ,,- Mudstone e.- -. -- w *+ ic-..-j- 

-+:-+-++->+- .*-*---:** 
--+.--..-a 
L~&=*-W .-*.+ *+.-.-- E l  
------ ------ ------ ------ Claystone ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ 

- - Shale 

Above. Explanation of symbols 
used for rock types. 

Right. Conventional core locations 
in the Texaco OCS Y-0032 No. 1 
well. Depths are measured from 
the Kelly bushing, which was 
86 feet above sea level. Water 
depth is 240 feet. 
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Depth 
(Feet ) 

5.853' 
Core 1 consists of medium- to dark-gray, 
calcareous, silty, well-iodutclted claystone 
containing suspended fiae to coarse, well- 
rounded sand grains and pebMes cornposed 
of igneous and metamorphic rock 
fragments up to 5 centimeten in diameter. 
There are no visible bedding planes. 
Mollusc shell fragments are unnmon. 

This core is from tbe upper Yalrataga 
Formation and is early P i e m  in age. 
The environment of depxition was outer 
neritic to upper bathyal. 

Conventional core 1. No porosity, permeability, or grain density data were available for this core. 
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Conventional cores 2 and 3. Porosity (in percent), permeability (in millidarcies), and grain density (gm/crn3> data 
are modified from Core Laboratories reports. 

Depth 
( Feet) Grain 

Porosity Permeability Density 
6.788.5' 

Appendix, D-3 
OCS Y-0032 No. I Wen 

The upper 5.5 feet of core 2 consists of 
medium-gray, tine- and very ke-gmbed 
aal18ce0~8, friable, Silty S a d S b l E .  Tbo 
clasts are 75 percent clear, subaugular to 
subrounded quartz grains, 20 percent 
metamorphic and igneous rock hgments, 
and 5 percent calcareous silty claystone. 

2.9 
13.8 
1 4.4 
15.1 
9.9 
14.1 

0.1 
7.7 
5 -6 
10.0 
0.2 
1.9 

There are a few nearly horizontal laminae 
of very fine, dark-gray, carbonam 
material, and tan clay. There is a hcture 
pattern about 15 degrees fhm the 
horizontal. The lower 1 foot of the core 
consists of light-gray, iiiable, 
carbonacwus, argillaceous siltstone. Clay 
and organic laminae are common and 
somewhat d e f d .  

This core is from the lower Yakataga 
Formation and is latt Pliocene in age. The 

environment of deposition was inner to 
middle neritic. 

oepth 
( Feet) Grain 

Porosity Permeability Density 

2'73 
2-70 
2.72 
2'72 
2.7 I 
2.72 

The top 2 feet of core 3 consists of dark- 
gray, fissile, slightly calcareous shale that 
grades to sandstone at the lower contact. 
The interval from 7,100 to 7,102 feet is 
gray, friable, argillaceous, calcarems, 
very fine- and tine-grained sandstone 
containing quartz grains, mica, and lithic 
fragments. This interval is bounded by thin 
shale layers and lamiuations. This is 
followed by a 1.5-fmt layer of shale 
similar to that at tbo tap of ma m. 
interval from 7,103.5 to 7,109 k t  is 
similar to the overlying sandstooe. The 
bottom fod of the core is dark-gray, hard, 
calcareous, shale with very fine- to 
coarse-grained sand lenses 2 to 

3 millimeters thick, and pebbles up to 
8 millimeters in length. 

This core is from the lower Yakataga 
Formation and is late Pliocene in age. l E e  
environment of deposition was inner to 
middle neritic. 

7.098' 

8.7 
9.8 

25.2 
24.6 
24.0 
24.0 

7.103' 

7.1 10' 

- - -  - - - -  
- - - - - . - - . -  - - . - .  . -. - ._-..-._._ 
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. - * *  . . . - . - .  - -. -. -. - -  -. . - 

.-a .-- ---- .--- .--- . . . _ - .  - . . . . - - .  - . . -. - -  -. - - - -  

0.1 
0.4 

142.0 
176.0 
152.0 
124.0 

2.72 
2.71 

2 -73 
2.71 
2.70 
2.71 



Conventional core 4. No porosity, permeability, or grain density data were available for this cue. 

Depth 
(Fea 1 
8.153' -.; 4 -.-- +.--- Core 4 consists of sandstone, siltstone, Pod 
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8,158' 

-...-...-...-... .-".-...-...-...- chlorite schist cobbles in the lower part of -...-...-...-.-. ,--.-...-...--.- -...-...-...-... this upper foot. The in- h 8,154 to ,--.-...-...--..- -...-..--...-... 8,156 feet is conglomerate with a medium- ...-...-..--... 
8.1 63' ...- ...--.----- dark-gray, calcareous, argikmm, sandy 

...-...-...-... siltstone matrix contaiaiog peWlegized 
-...-...-..--... --.-...-...-...- -...-...-...-... clasts of shale and igneous and --.-...-...-...- -...-...-...-... ---...-...-...- metamorphic rock. A grancdiofite &e -...-.-.-...-... is present at 8,155 feet. Porosity and 

8.1 88' -.-...-...-...- permeability are poor. The mterval irom 
-.-...-...-...- 8,156 to 8,162 feet is argillaceous, sandy 

siltstone with dark-gray &ale pebbles 

8.1 72' scattered throughout. Tbe subangular to 
subrounded quartz sand grains am very 
fine to fine in size. The clay matrix is 
calcarwusly cemented and is without 
visible porosity or -ty. Near tbe 
bottom of this interval, there is a large 
andesite cobble and a htimeter-long 
shale pebble. From 8,162 to 8,163 feet, 
the rock is medium- and dark-gray 
argillaceous siltstone containing very line- 
to coarse-grained quark sand and 
pebble-sized lithic fragments. The interval 
from 8,163 to 8,172 feet cmnsists of 
argillaceous, massive, calcareous, sandy 
siltstone with about a 25-pcrccat content of 
lithic fragments. 

This core is from tbe lower Yakataga 
Formation and is early Pliocene m age. 
The environment of dejmsitioa was outer 
neritic -to upper hthyal. 

*--*-.++---7 + 
"0 0%- 0 
a me 
,"P"a4roo -...-...-...-...- .-...-...-*.*-... ,--.-...----...- -...--.-...-... --.-...-...-...- .-...-...-...-... 

,- -.-...-...-...- -...-...-...-.-. ...-..--...- 

conglomerate. The top foot is alternating 
calcareous, argillaceous, silty sandstone 
and silty shale. The color is light to dark 
gray. The sandstone is very fine Pod fiae 
grained. There are some liat-gmn 



Depth 
(Feet) 

Porosity Permeability 
11.012' Core 5 consists of sandsbne and 

conglomerate. The top 2 feet, fiom 
11,012 to 11,014 feet, are composed of gray, 
silty, calcareous, very fine-graiaed 

19.7 237.0 sandstone. The interval fiom 11,014 to 
19.8 204.0 11,017 feet is cooglomerpte. The matrix of 

11.OlW the conglomerate is silty, very fine- to 
medium-grained gray sandstooe. The pebbles 
and cobbles of metamorphic and sedimentary 
rock are both rounded and angular and up to 
10 centimeters in size. The lower mterval 
from 11,017 to 11,019 feet is compased of 
gray and brown, medium-grained sandstone 
containing quartz grains, chert, biotite mica, 
feldspar, rare pyrite, plutonic and 
metamorphic rock fragmei~ts, rare organic 
material, magnetite, fbnrminifera, and rare 
mollusc shell fragments. 

This core is from the lower Yakataga 
Formation and is early Plioceme in age. The 
environment of 'deposition was middle 
neritic. 

Conventional core 5. Porosity (in percent) and permeability (in millidarcies) data are modified from Core 
Laboratories reports. 
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Appendix E. Exxon OCS 

Conglomerate 
(Diamictite and 
Tillite) 

0 - -:.------- Sandst- 
- > -:---:.---.-*---.- -- 
.-.{...-..-..~.'--::.-.'-I -. ->-->-.::.------ - .-.->:.-.-.- --:--: . .,-.-.:-.~5-.-{---.--:* -. -:-- 

FL-1 e;.----.+ e Mudstone ++T- -.L -4---.s+%>. 
.--+.-&--=-. -.- -+-+-. > +4;=+-- 
.--ye **.--. 
------ ------ ------ ------ Claystone ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ El 

Shale 

Above. Explanation of symbols 
used for rock types. 

Right. Conventional core locations 
in the Exxon OCS Y-0080 No. 1 
well. Depths are measured from 
the Kelly bushing, which was 
82 feet above sea level. Water 
depth is 448 feet. 

Appendix, E-1 
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Y-0080 No. 1 well 

Depth 
Kelly Bushing 0' 

82' - 
530' - 
1,000' - 

2,000' - 
2.090' - 

J,UUU' - 

4,000' - 

5,000' - 

6.000' - 

7.000' - 

8,000' - 

9,000' - 

in Feet - 
Seo Level 

Sea Floor 

first Sample 

Core 1 

7.575'-7.589' 

W 

10.000' - 

1 1 .OOO' - 

12.000' - 

13,000' - 
Total Depth 13,507' 
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The upper 3 feet (7,575 to 7,578) of core 1 
consists of gray, friable, micacaw, clayey 
siltstone with rare pyrite and lenses of 
horizontally oriented tests of the 
foraminifera Quinqueloculina akneriana. 
The interval fiom 7,578 to 7,589 feet is 
made up of matrix-supported conglomerate. 
The gray, clayey, micacam siltstone 
matrix contains rounded pebbles of 
quamite, igneous rock, sUrstone, and 
metamorphic rock that range from 1 to 
15 millimeters in length. Scattered 
foraminifera fragments and very coarse 
quartz grains are also present. Faint beddin1 
planes and evidence of b i d t i o n  are 
visible at 7,578 k t .  At 7,581 fiet a light- 
green and gray, glassy volcanic pebble 
15 millimeters in length is present. The 
lower 5 feet of the core is a matrix- 
supported conglomerate with a matrix that i 
coarser grained than that at the top of the 
core, with grain sizes r a ~ g i ~ g  fiom silt to 
very coarse sand. The rounded pebbles are 
composed of black siltstone, quartzite, and 
plutonic rock. 

This core is from the upper Yakataga 
Formation and is early Pleistocae in age. 
The environment of deposition was probabl! 
outer neritic to upper bathyal. 

Conventional core 1. No porosity, permeability, or grain density data were available for this core. 
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Conventional core 2. No porosity, permeability, or grain density data were available fix this core. 

Depth 
(Fd) 
9.019' 

All 8 available samples of core 2 consist of 
tan and gray, micaceous, gtauumitic ...-...-...-... 
siltstom. 

..-...-...-...- This core is from the Pod Creek 
9,025' -..-...-...-...- .-...-...-...-.- Formation and is probably late Mi- in -..-...-...-...- .-...-...-...-.- -..-...-...-...- age. The environment of deposition was .-..--...-...-. " upper to middle bathyal. 

..-...-...-... 
9.030' --.-...-...-... 

..-...-...-...- 

..-...-...- ...- 

9.035' 

Appendir, E-3 
OCS Y-0080 No. I well 

9,040' 

-..-...-...-...- .-...-...-...-..* -..-.-.-...-...- .--.--.-.-...-... ..----...-... t -.-...-...- - -..-...-...-...- -...-.*.-.-.-... .-.--...-...-...- .-...-...-...-..- ,-..--..-...-...- -...-...-...-..* -..--..-...-..- .-..--..--...-... 

9.045' 

9,049' 



OCS Y-0080 No. 1 well sidewall core data (modified from Core Laboratories reports) 

2.66 sandy silty claystone 

2.72 sandy silty claystone 

2.72 sandy silty claystone 

2.73 sandy silty claystone 

2.69 sandy silty claystone 

2.75 fine- and very fine-grained 
conglomeratic sandstone 

2.68 fine- and very fine-grained 
conglomeratic sandstone 

2.72 fine- and very fine-grained 
conglomeratic sandstone 

2.72 fine- and very fine-grained 
conglomeratic sandstone 

2.72 fine- and very fine-grained pebbly 
silty sandstone 

2.74 fine- and very fine-grained pebbly 
silty sandstone 

2.66 fine- and very fine-grained pebbly 
silty sandstone 

2.71 fine- and very fine-grained pebbly 
silty sandstone 

2.69 very coarse- and coarse-grained 
silty sandstone 

2.73 medium- to very fine-grained 
conglomeratic clayey sandstone 

2.73 sandy clayey siltstone 

2.68 fine- and very fine-grained silty 
clayey sandstone 

2.73 sandy clayey siltstone 

2.69 sandy clayey siltstone 

E-4, Gulf of Alaska Geologic Report 
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(continued: OCS Y-0080 No. 1, sidewall core data) 

2.67 sandy clayey siltstone 

2.68 sandy clayey siltstone 

2.66 sandy clayey siltstone 

2.69 sandy clayey siltstone 

2.70 coarse- to fine-grained silty 
clayey sandstone 

2.71 fine- and very fine-grained silty 
clayey sandstone 

2.72 sandy clayey siltstone 

2.73 sandy clayey siltstone 

2.76 sandy clayey siltstone 

2.70 sandy clayey siltstone 

2.70 sandy clayey siltstone 

2.73 pebbly sandy clayey siltstone 

2.73 medium- to very fine-grained silty 
clayey sandstone 

2.73 conglomerate 

2.70 fine- and very finegrained pebbly 
silty sandstone 

2.74 fine- and very fine- grained 
pebbly silty sandstone 

2.67 pebbly sandy clayey siltstone 

2.73 conglomerate 

2.7 1 conglomerate 
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(continued: OCS Y-0080 No. 1, sidewall core data) 

Depth Porosity Permeability Grain Density 
(feet) (percent) (millidarcies) (gmlcm3) Lithologic Description 

6,33 1 17.0 0.2 2.69 pebbly sandy clayey siltstone 

6,333 18.5 1.4 2.70 pebbly sandy clayey siltstone 

6,335 19.7 1.6 2.72 pebbly sandy clayey siltstone 

6,388 17.2 3.7 2.69 very fine-grained silty dayey 
sandstone 

6,420 20.8 2.6 2.72 very fine-grained silty clayey 
sandstone 

6,424 22.5 7.4 2.69 fine- and very fine-grained silty 
clayey sandstone 

6,426 21.7 6.2 2.69 fine- and very fine-grained silty 
clayey sandstone 

6,494 26.5 27.0 2.67 fine- and very fine-grained silty 
sandstone 

6,496 21.6 22.0 2.74 fine- and very fine-grained silty 
sandstone 

6,499 23.8 28.0 2.68 fine- and very finegrained silty 
sandstone 

6,594 21.8 1.1 2.73 clayey siltstone 

6,690 18.2 0.4 2.73 clayey siltstone 

6,787 18.9 1.3 2.69 pebbly sandy clayey siltstone 

6,840 17.7 0.3 2.74 pebbly sandy clayey siltstone 

6,854 18.0 0.6 2.69 very fine-grained silty clayey 
sandstone 

7,455 23.3 8.4 2.67 very fine-grained silty clayey 
sandstone 

7,477 18.5 0.7 2.69 very fine-grained silty clayey 
sandstone 

7,479 17.1 0.2 2.69 clayey siltstone 

7,486 25.0 49.0 2.65 fine- and very finegrained silty 
sandstone 

(continued) 
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(continued: OCS Y-0080 No. 1, sidewall core data) 

Depth Porosity Permeability Grain Density 
(feet) (percent) (millidarcies) (gmlcm3) Lithologic Description 

7,505 28.2 81 .O 2.72 fine- and very fine-grained silty 
sandstone 

7,514 27.1 83.0 2.65 fine- and very fine-grained silty 
sandstone 

7,615 26.2 158.0 2.65 fine- and very fine-grained silty 
sandstone 

7,695 14.7 2.2 2.67 fine- and very finegrained silty 
clayey sandstone 

7,717 20.9 39.0 2.71 fine- and very fine-grained silty 
clayey sandstone 

7,800 15.7 0.2 2.70 clayey siltstone 

7,920 10.5 0.0 2.66 clayey siltstone 

7,938 13.2 0.1 2.67 clayey siltstone 

7,947 15.3 0.2 2.70 clayey siltstone 

7,964 14.4 0 .O 2.68 clayey siltstone 

8,050 15.3 0.1 2.69 clayey siltstone 

8,063 16.8 0.3 2.66 clayey siltstone 

8,137 21 .O 0.7 2.69 clayey siltstone 

8,290 25.4 41 .O 2.69 fine- and very fine-grained silty 
clayey sandstone 

L 
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Appendix F. ARCO OCS Y-0211 No. 1 well 

;. .bi 4-i- 
- Conglomerate 
- v (Diamictite and 
*-i.~*<-9 Tillite) 
;.=:+. b>. 

<+fz+---~.Li. 
,,ci,-,-. Mudstone 

+;.s-.t.+. + 
feC.++- *- *L.+-; ,<p!!-x-- 

-*f.>--*--. 
.--*+ *----- E l  
------ ,----- ------ -,,,,, Claystone ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ a 

Above. Explanation of symbols 
used fot mck types 

Right. Conventional core locations 
in the ARCO OCS Y4211 No. 1 
well. Depths are measured from 
the Kelly bushing, which was 
86 feet above sea level. Water 
depth is 450 feet. 

Deoth in Feet 
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Core 1 consists mainly of medium-gray, 
very silty, micaceous mudstone. 
Foraminifera, mollusc shelf hgments, 
pyritized wood, pyritized diatoms, coal, 
and very fine-grained sand are present 
locally in varying amounts. A gastropod 
shell 8 millimeters long was observed at 
7,605 feet. Minerals present include 
quartz, feldspar, biotite, muscovite, 
chlorite, pyrite, glauconite, clays, and 
calcite cement. Bioturbation is represented 
by pyrite-filled burrows 0.5 millimeter in 
diameter and 3.5 millimeters long at 
7,605 feet. A few slickensides are present, 
indicating that there was some movement 
after consolidation. The porosity is 
estimated to be less than 2 percent. 

This core is from the Pod Creek 
Formation and is early Oligocene to late 
Eocene in age. The environment of 
deposition was upper bathyal. 

Conventional core 1. No porosity, permeability, or grain density data were available for this core. 

F-2, Gulf of Alasku Geologic Repon 
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Conventional core 3. Porosity (in percent), permeability (in &darcies), and grain density (gmlcm3) from Core 
Laboratories reports. 

Depth 
(Feet 

Grain 
Porosity Permeability Density 

F4, Gulf ofAlaska Geologic Report 
OCS Y-0211 No. 1 well 

Core 3 sampled a light-gray, micamaus, 
well-indurated, sandstone inter- with 
1-foot-thick horizontal, wavy, and 
lenticular units composed of dark-gray, 
thinly laminated mudstwe and clayey 
siltstone containing mica and organic 
material. Subangular, very fine to coarse 
sand grains are present. The grains are 
moderately well sorted. Minerals p-nt 
include quartz, feldspar, biotite, 
m o v i t e ,  calcite, clays, pyrite, and 
glauconite. Some rock fragments are 
present. Coal and lignite fragments are 
scattered throughout, a h  in nearly 
horizontal layers. Mollusc shell fragments 
and foraminifera are present. Pyrite 
appears as burroar-filling and cement. 

Calcite cement is locally present. 

This core is from the Kulthieth Formation 
and is late Eocene in age. The 
environment of deposition was outer 
neritic to upper bathyal. 

1 1.6 0.1 6 2.67 

16.6 0.69 2-66 

17.4 0.66 2.68 
17.4 0.73 2-66 

18.9 1.26 2'67 

18.3 2 .OO 2m65 

15.0 0.46 2 -65 

12.4 0.51 2.63 

16.7 0.16 2.68 

0.23 2.67 11.9 

17.9 5.86 2-66 
- 

9.993' 

9,995' 

lo,OOO, 

10'005' 

10.010' 

10.01 6' 

L . . .  ......-....... .- -+ -+ -,+ --.-# .. -. - -  - _  - _  . - - - -. -. -. - -  . . . . . . . . . . .  ........................ - .  . . - .  . . . . . . . . . .  - - _  .. -. - _  -. . . . . . . . . . . .  ._ - _  - _  - _  ._ - . . . . . .  - .  - .__--. .- .-' 
N-7 -. .. -5 -5 -7:. _ ._ ._  -. - _  - _  . - _  - -  .- - _  .- . . . . . .  - - .  -. -. -. -. 

0 . - -  . . . . . . .  - . -  - .  . - .  - - . _- - _ -  - .- ....:.:....... -. -. -. - _  - -  -. -. - _  - _  - _  - . ........... . . - - .  ................ - .  . . . .  - - -  ................... _ - _  - _  - . . ............... ............. -. . - ._ - _  - .. - _  - _  -. - _  - .  . . . . .  - . -s---k.-.-, -. - .  -..~..-...-... ~ .- - .- - .--- - - . -. ............. - - .  ............. . . . . . . . . . .  . - . -  - - . . -  . . . . ._ . . . . . .  ............... . - _  - _  - _  * _ - - _  . - . .  .. -.-.-. - * - -- - . . -. - - - -  - . -. . - . . -  ........... - - .  - -  . . -. -. -. -. - _  - -  - ............... . -. . ._ . - - -. -. -. - -. -. ._ -. - _  - *  - ............. - - -  - . -. -. - -  -. - - - 
- - .- -- .-..5 - .  . . . . . . . .  .......................... - - . . - . ---. . - - -  .-................. - .  . . .  -. -. -. . -  .. - ................. ..-. -. ............... .-.--- .*-. .- - * - .  .- - - . . - 'SC*Gi .a-A-.. - - 



Grain 
Porosity Permeability Density 

Core 4 consists of light-gray and tan, 
locally crossbedded, micamow sandstone 
interbedded with gray, thinly laminated, 
micaceous siltstone and mudstone. Tbe 
sand is moderately well sorted. The 
subangular sand grains range in size from 
very fine to medium. Minerals present 
include quartz, feldspar, biotite, 
muscovite, clay, calcite, and rare pyrite. 
The calcite occurs mainly as cement and 
as subhcdral, sparr). vein filling. Thc 
sediments ate tan colored and more 
indurated in zones of extensive calcite 
cementation. Them is also some clay and 

silica cement. A few dark-gray, black, am 
green lithic fragments are present. Lignite 
and o o d  fragments occur tbroughoul tho 
core but are more concentrated in 
mudstone and siltstone laminae. 
Slickensides are locally present, indicating 
minor movement after consolidation. 
Some soft sediment deformation is also 
apparent. 

A "diesel" odor was noted and there was 
fluorescence on fractured surfaces, but no 
visible oil staining. 

This core is from the Kultbieth Formation 
and is late Eocene in age. The 
environment of deposition was outer 
neritic to upper bthyal. 

Conventional core 4. Porosity (in percent), permeabiity (in millidarcies), and grain density (gm/cm3) from Core 
Laboratories reports. 
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Conventional cores 5 and 6. Porosity (in percent), permeability (in millidarcies), and grain density (gm/cm? from 
Core Laboratories reports. 

Depth 
(Feet Grain 

Porosity Permeability Density 

Fd, Gulf of Alaska Geologic Report 
OCS Y-0211 NO. I well 

14.588' ---...-...-**. -...--.-..-... .--..-...--.- .--.--.--. - 1 4,590' .--...-...-... ------- ------- ------- ------- ------- ------- -.--..-..-.. .--..-...-... -...- ...-...-.. .-----...-... -.--...-...--.- .--..-...-... 
-'" -...-..-." .--..*-..----. ------- ------- ------- t 14,597 ------- fragments and rare pyrite are present. 

This core is from thc Kulthicth Ponnaticm 
and is middle Eocene in age. The 
environment of deposition was outer 
neritic to upper bathyal. 

Depth 
(Feet) 

Core 6 consists of dark-gray and black, 
well-indurated silty claystone. Micro- 
fractures exhibiting slickensides or filled 
with crystalline calcite and clay are 
present. Pyrite is spsely disseminated 
throughout the rock but is more 
collcmtrated in randomly oriented burrows. 

This core is from the Oily Lake siltstone 
and is early to middle Eoceoe in age. Tbe 
environment of deposition was middle to 
lower bathyal. 

15.3 1.32 2.73 

9.8 0.22 2 -74 

9.6 3.20 2-72 

Core 5 consists of well-indurated, gray 
and tan, horizontally laminated, micacmus 
siltstone and claystone. Fie-grained 
qwrtz sand is present in minor amounts. 
Abundant fractures, some with 
slickensides, are filled with a soft, white, 
crystalline vein-filliig made up of clays, 

calcite, and possibly zeolites. Cod 



2.75 fine- and very fine-grained silty 
clayey sandstone 

2.75 fine- and very fine-grained silty 
clayey sandstone 

2.72 fine- and very fine-grained 
sandstone wi th siltstone 
laminations 

2.72 fine- and very fine-grained 
sandstone with siltstone 
laminations 

2.72 fine- and very finegrained 
sandstone wi th siltstone 
laminations 

2.72 fine- and very fine-grained silty 
sandstone 

2.67 fine- and very finegrained silty 
sandstone 

2.67 fine- and very fine-grained silty 
sandstone 

2.67 fine- and very fine-grained silty 
sandstone 

2.65 fine- and very fine-grained silty 
sandstone 

2.69 fine- and very fine-grained silty 
sandstone 

2.66 fine- and very fine-grained silty 
sandstone 

2.70 fine- and very fine-grained 
sandstone with fine 
carbonaceous inclusions 

2.69 very fine-grained shaly sandstone 

2.67 fine- and very fine-grained 
calcareous silty sandstone 

2.69 fine- and very fine-grained 
calcareous silty sandstone 

2.68 fine- and very fine-grained 
calcareous silty sandstone 

2.71 fine- and very fine-grained 
calcareous silty sandstone 
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(continued: OCS Y-0211 No. 1, sidewall core data) 

2.70 fine- and very fine-grained 
calcareous silty sandstone 

2.68 fine- and very fine-grained 
calcareous silty sandstone 

2.64 fine- and very fine-grained 
calcareous silty carbonaceous 
sandstone 

2.65 fine- and very fine-grained 
calcareous silty carbonaceous 
sandstone 

2.65 fine- and very fine-grained 
calcareous silty carbonaceous 
sandstone 

2.67 fine- and very fine-grained 
calcareous silty carbonaceous 
sandstone 

2.68 fine- and very fine-grained shaly 
sandstone 

2.74 fine- and very fine-grained 
calcareous silty sandstone 

2.71 fine- and very fine-grained 
calcareous silty shaly sandstone 

2.65 fine- and very fine-grained silty 
sandstone 

2.63 coarse-, medium-, and 
fine-grained calcareous silty 
sandstone 

2.63 coarse-, medium-, and fine- 
grained calcareous silty shaly 
sandstone 

2.67 fine- and very fine-grained silty 
sandstone with carbonaceous 
laminations 

2.65 fine- and very fine-grained silty 
sandstone with carbonaceous 
laminations 

2.65 fine- and very fine-grained 
calcareous silty sandstone 

2.64 fine- and very fine-grained 
calcareous silty sandstone with 
carbonaceous laminations 

(continued) 
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(continued: OCS Y -021 1 No. 1, sidewall core data) 

2.61 fine- and very fine-grained 
calcareous silty sandstone with 
carbonaceous laminations 

2.63 fine- and very fine-grained 
calcareous silty sandstone with 
carbonaceous laminations 

2.67 fine- and very fine-grained 
calcareous silty sandstone with 
carbonaceous laminations 

2.62 fine- and very fine-grained 
calcareous silty sandstone 

2.60 fine- and very fine-grained 
calcareous silty sandstone 

2.68 fine- and very fine-grained 
calcareous silty shaly sandstone 

2.64 fine- and very fine-grained 
calcareous sandstone 

2.61 fine- and very fine-grained 
calcareous sandstone 

2.61 fine- and very fine-grained 
calcareous sandstone 

2.62 fine- and very fine-grained 
calcareous sandstone 

2.67 very fine-grained calcareous 
sandstone 

2.73 very fine-grained calcareous 
sar~dstor~e 

14,091 .O 28.2 2.65 very fine-grained calcareous 
sandstone 

14,597.7 6.8 0.10 2.72 laminated shale and siltstone 

14.768.0 23.3 2.61 fine- and very fineorained 
calcareous sandstone 

14,870.0 31  -1 2.58 fine- and very fine-grained 
calcareous sandstone 

Appendix, F-9 
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Appendix G. FID pyrolysis and RO values from Gulf of Alaska onshore wells 

- - . . 
Depth 

' 

TOC S 1 S2 ' confidence S?rnQC Lev& 'feet' (wt. %I (mglg) (<qlg) fW&) 
.................................................................................................... . . .  ..................................... ..; .:. ;; ....... ;..; . ;...;; ............ .; ........... ;.. ......... ;.; .......... -.- ............ ;.;;.; .. ; ......-............. ... :.;.;; ..... ;..C -.... :.:.:: ......... :<: ...:.+* :.:.. .... :.;: ::.*:::;::::.:y::,x:z:*: . . . . . . . . .  .................................................................................... ................................................................................. . . . . . .  ........... ; ............................. ..-:.- ............... >;.::.:.?:..:. .. :;-.:.:.-.:.:.:::': ..................................... ................................ .; ...; ........... .:-~igemld ;:mm ~ ~ g ~ ~ ~ ~ ~ g ~ w s f i . j . g ~ $ 6 2 ~ ; ~ ~ ; ~ : ~ ~ ~ ~ ; g ~ . j ; ~ g ~  . . . .  :..>.. . --. ....................... .L ....................................... ................................................................................ ....... ........ (,. ..................................... \ ....... _ ........................ _ ................................ .......................................... / /?> ...._.. ....... / ......................................... :\.. ...... ......... :,/ ............ ,>..:.::... ..:: 

- 120-220 1 I recycled 

I recycled I Pleistocene I Fm 
I 

2,000-2,100 1 0.39 i 0.07 

2,940-3.100 0.41 * 0.08 

Poul Creek 4.040-4.1 60 0.59 * 0.1 2 
Oligocene Fm 6.020-6.140 0.62 0.14 

mid to late Kulthieth 
Eocene Fm 

ineuffi. vitrinite 

0.62 f 0.12 

1 ~ T D :  12,417 1 I 
'FID pyrolysis performed by Mobil Exploration and Producing U.S., Inc. 
2~ values determined by Bujak Davies Group, Calgary, Alberta, Canada. 
3 ~ e a n  random vitrinite reflectance plus or minus two standard deviations at 95percem confidence level. 
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Depth 

(mn1nI 

late 
Eocene 

Oligocene 

-.. . t ' Phillips Ken McGee Wliven No; 2 wsU (lQb$Lt957} I 

Pout Creek 
Fm 

7.030-7.060 

7,870-7.930 
.- 

TD: 10,013 

Eocene- Poul Creek 1 .6so-10750 1 1 0.50 * 0.11 
101i~ocene01I F ~ O )  I 3.w-3.670 I 1.02 0.048 0.228 22 1 0.52 * 0.1 5 

0.64 0.078 0.1 39 22 1 0.53 * 0.13 

~ 

0.72 
- -- 

0.062 0.406 56 ( 0.52 * 0.10 

1,070-1.130 

2,170-2.230 

2.670-2.740 

3,190-3.260 

Oligocene 

0.59 * 0.13 

0.54 f 0.09 

0.52 * 0.10 

0.53 f 0.13 

late 
Eocene 

early- 
middle(?) 
Miocene 

4.240-4.300 0.64 0.038 0.086 13 0.49 f 0.13 
Kulthieth 

- ,,,-4,,, Fm 0.77 0.029 0.073 9 0.52 f 0.13 

6,070-6,100 0.14 0.010 0 0 0.59 * 0.27 

6.600-6.650 0.59 0.038 0.059 10 0.56 * 0.16 

7.1 60-7.200 0.62 0.044 0.065 10 0.59 * 0.18 

Poul Creek 
Fm 

(overturned 
strata) 

'FID pyrolysis Grformed byMc 
*R@ values determined bv Buiak 
' ~ e a n  random vitrinite rkflecta 

1 1,600-1 1,6801 0.37 0.037 0 .01  0.3 1 0.62 5 0.09 

TD: 12,054 I 
)I1 Exploratron and Producing U.S., Ino. 
Davies Group, Calgary, Alberta, Canada. 
ce plus or minus two standard deviations at 95-percent confidence levd. 

G-2, Gulf of Alaska Geologic Report 
Onshore we&, Pyrolysis and Ro 



- 

TOC SI S2 S2n0c Confidence 
lfeet) (W. %I I ( ~ Q / Q )  ( ~ Q / Q )  ( ~ Q / Q )    eve^^ I 

I I - - - - - - I 

C o l ~ a d o  Oil and: Gas a. Mslaspina No. I-A welf t'2962) . . . .  . . . I 
I I 1 900-9.270 1 1 recycled I 

Pliocene- Yakataga 
PI e istocene I Fm 

I I Yakutat Cretaceous Group 

'FID pyrolysis performed by Mobil Exploration and Producing U.S., Inc. 
values determined by Bujek Deviss Group, Calgary, Alberta, Canada. 

' ~ e a n  random vitrinite reflectance plus or minus two standard deviations at 95-percent confidence Iwel. 
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- - 
TOC SI SP confidence 

tfeet) (W. %I I Depth (mglg) (mglg) (mglg) 

Eocene 

9.1 65-9,295 0.075 0.104 9 I 
.. . - 

TD: 9.314 

! 
' &d&da 011 (rhk Gas Company Y a W t  NO. 2 *dl ($967-106E)) . . . 

4 r 

Pliocene- 
Pleist. (?) 

Cretaceous 

'FID pyrolysis 
2 ~ o  values detc 
3 ~ e a n  random 

. - - . . , . - - 
srforrned by Mobil Exploration and Producing U.S., Inc. 
m i d  by k j a k  Davies Group, Calgary, Alberta, Canada. 
itrinite reflectance plus or minus two standard deviations at 95parcent confidence level. 

Yakutat 
Group 

G 4 ,  Gulf of Alaska Geologic Report 
Onshore wells, Pyrolysis and & 

7.1 10-7.230 

7,740-7.860 

8,280-8.370 

8,850-8.970 

9,480-9.600 

0.59 0.169 0.090 15 

0.36 0.046 0.009 2.5 

0.58 0.066 0.056 10 

0.45 0.107 0.029 6 

0.52 0.235 0.166 32 



R~~ * 2u 
FID Pyrolysis1 @ 95% 

Depth TOC SI S2 S2m Confiie~ce 

(wt. %I (mold (mala) (mala) Level 
I I - - - - - - 

. . . . .  
. . . . .  Cal6rada g! and Gas Compai%yYakutat Moi3 well H958-%959f . . . .  . . . . 

Eocene I Kulthieth I 4,320-4.440 1 0.76 0.01 5 0.005 0.66 I 
C- 5.1 10-5.400 1 0.98 0.085 0.085 9 I 

'ID pyrolysis performed by Ma 
t values determined by Bujak 
Mean random vitrinite reflectai 

7.590-7.800 0.55 0.009 0.033 6 

8.270-8.450 0.46 0.059 0.01 1 2 

8,900-9.050 0.68 0.1 16. 0.121 t8  

9.530-9,640 0.48 0.069 0.007 1 

10,090-10,220 0.48 0.046 0 

10.550-10,730 0.27 0.1 11 0.006 2 
TD: 10,494 

,il Exploration and Producing U.S., Inc. 
Davies Group, Calgary, Alberta, Canade. 
ce plus or minus two standard deviations at 95percent confdence level. 
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Cretaceous Yakutat 
Group 

Depth 
(feet) 

920-1030 1 0.46 f 0.1 1 

1,550-1,620 / 0.07 0.012 0 recycled 

1.810-1.890 1 0.30 0.008 0 1.07 * 0.33 

2.390-2,500 0.68 0.003 0.016 2 1.07 0.35 

2.980-3,070 0.59 0.007 0.021 4 1.01 * 0.30 

3.510-3,610 0.50 0.025 0.008 16 insuffi. vitrinite 

r:.::,: . . . ., ::.::.: . . . ..:.:. . :;.:.:r.::,::q:y::j::.:<.:.:.: ... :...:.:.:: ....................... .:...: ..... =.. :.;:i;.~~..::~i-:::,:::i-~~jjjl..;::::::.:.:.::.:ii.:,;:~:~~::::~,p~~::~::~:::.:::i;~:j~;I~:;:~<i~:jj:j~j<i~:j~i'i'.:;~~;<~~~,:~::~:.:::::..~j~.j:j:~j:~::.: ..... :...~:.~..:.~~::...~~ZX.:i~::::.:jjj.:.:::.:~:j.::j.~j:j.:.j.;<:~:>j:.~,;j~:~<:j:.~~.:: ;;.,. ....... ;...........:.:.:.:...;...;;...;.,...:.:.;:(.:.:':.)>:.:.:.:.:. ....--.. ' - :+::.:.:.:.:: ... :.:..:.::..<.:::.: :::. -::.:::.:i--:..,:.;j.;;:,c> .... . . . . . . . . . . . . . . . ;;; ....... ;;~,::;~.;.::.::~x~~..:~~~~<2 . ............... ... ....:. ..:... . . . . . . . . . . . . . . . . . . . . . C$f&(* . . . . . . . . . . . . . . . . . . . . . m;&:;~g$::a*@#gg:~;mq:~H*.g~&;;g$*wgg?:@~$$~~:~:~~$2. : : . . . . . . . . . . . . . . . . . . . . . .,... , . . . . . . . . . . . . .. . ,. . ...... ....... ......- . ... ..-.. 

FID ~yrolysis' 

TOC S 1 S2 
' 

(W.96) (mglg) (mgtg) 
S2TToC 
(mglg) 

7,500-7.590 1 0.51 0.053 0 I no vitrinite 

8.610-8.610 1 0.31 0.019 0 1 1.49 * 0.33 

Ro' f 20 
8 95% 

Confidence 
L B V ~ I ~  

I I TD: 8,630 1 
'FID pyrolysis performed by Mobil Exploration and Producing U.S., Inc. 
2 ~ o  value18 determined by Bujek Davies Group, Calgary, Alberta. Canada. 
' ~ e a n  random vitrinite reflectance plus or minus two standard deviations at 95-percent confidence Isvel. 
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Appendix H. Mud-additive petrography 

Several drilliig-mud additives were submitted to the 
Bujak Davies Group and to the Mineral Industries 
Research Laboratory of the University of Alaska for 
petrographic analyses to determine if these mrbstances 
could be confused with indigenous organic matter and 
influence % determinations. These -sea were 
conducted primarily to determine whether mud additives 
could have caused the anomalous R,, values recorded in 
the upper 10,000 feet of the OCS Y m l l  No. 1 well. 
The additives submitted for analysis were provided by 
Magcobar/IMCO and NL Baroid of Anchorage or were 
obtained from other drilliig projects. Unfhhmately, 
none of the samples analyzed actually came fkom muds 
used during the drilling of the OCS Ym11 No. 1 well. 
The results of these analysea are listed below. 

Records from the OCS Y-0211 well contain referema 
to the additives XP-20, Spemne, and Soltex. Significant 
amounts of the first two additives, XP-20 and S p e m ,  
were d during drilling runs that produced the 
0.47-percent (GeoChem L a w = ,  Inc.) and 
0.61-percent (Bujak Davies Group) ppuhtions. Dr. P. 
D. Rao of the University of Alaska (written comm., July 
1989) reported that XP-20 contains 15.6 p e m t  vitrinite 
and vitrinite-like material with a mean reflectance of 
0.21 percent, 5.3 percent liptinitic macerals, and 
79.1 percent mineral matter or transparent material. l'be 
Spercene contained 25 percent vitrhitclike material and 
75 percent transparent material. The vitrinite-like 

material from the Spercene exhibited a reflectance below 
measurable limits. Spercene, prticul8tly, reacted with 
the epoxy mounting medium producimg strong 
fluorescence. The XP-20 did not react as vigorously 
with the epoxy but the liptinitic coal macerals did 
fluoresce. Another additive, Soltex, was mentioned by 
the operations geologist on the drill rig. The geologist 
noted that some of the of d he logged might 
actually be Soltex. However, Bujak Davieg (1988) said 
that it was not likely to be confused with vitrinite. 

Four other additives were a h  analyzed-Carbonox 
(Baroid), Carbonox (Navarin Basin COST well), 
Durenex, and Q-Broxin-because they are in common 
use and because their names imply that car- 
material might be a significant d t u e n t  of the 
additive. Of these, only Carbunox offers any real 
potential for confusion with indigenous vitrinite. The 
Bujak Davies Group (1988) warned that Baroid 
Carbonox would be virtually ind~stinguishable from 
coaly materials of similar rank. In a sample of higher 
rank it could be mistaken for caved material. 'I%e 
Carbonox from the Navarin Basin COST No. 1 well 
might present a greater potential for confbsion becausc it 
contained a second, higher reflectance population. No 
reference to Carbonox was emmmtered in the iecords 
from the OCS Y4211 well that were available to the 
Minerals Management Service. 

Mean reflmtances of vitrinite and vitrinite-like substances in drilling-mud additives. 

Mud Additive Mean Reflectance (percent) Comments 
(N =number of measuements) 

XP-20 0.21 Contains fluorescing liptinite and 
(Magcobar/lMOCl produces fluorescence in the epoxy 

mounting medium. 

Spercene Below detectable Reacts with epoxy mounting medium to 
(MagcobarAMOC) limits produce strong fluorescence. 

Carbonox (Baraid) 0.392+0.041, N =50 Potential for confusion with indigenous 
vitrinite population. 

Carbonox (Navarin Basin 0.35f 0.03, N =21 Potential for confusion with indigenous 
COST well) 0.51 f 0.05, N = 29 vitrinite population. 

Durenex (Baroid) 0.2<Ro<0.8, N=lO Contains few but large vitrinite fragments. 

Soltex (Navarin Basin Contains no vitrinite and is unlikely to be 
COST well) confused with vitrinite. 

Q-Broxin (Baroid, ferro- Contains no vitrinite and is unlikely to be 
chrome ligno-sulfonate) confused with vitrinite. 

Appendix, H-1 
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Appendix I. Crude oil and biomarker analysis, Katalla No. 36 well 

Analysis performed for the Minerals Management Service by GeoChem Laboratories, Inc., Houston, Texas, 1991. 

Crude oil analysis d b  

Client I.D. No.: GI66A6P KataUa #36 PPCo 

GROSS COMPOSITION 
Less than C15+ 
CIS+ 

CIS+ COMPOSmON 
Paraffin-Naphthene Hydmcarbom (P-N) 
Aromatic Hydrocarbans (AROM) 
Asphaltene (ASFB) 
Eluted NSO Compounds (NSO) 
Noneluted NSO Compounds (NSO) 

RATIOS 

-- P-N - 3.0 
AROM 

ASPH -- 
NSO 

Appendix, 1-1 
Katalkh No. 36. Geochemistry 



TABLE II-A. SATURATE HYDROCARBON ANALYSES 

RY OF PqBBEEmT-NAP- 

CRUDE OIL 

GeoChem k A 46 CPI CPI ipCl91 ipCU1/ ipCUU 
Sample Interval h n f f m  hopremid Naphthcm 1ndcx A' Index3 ipCU) d l 9  nC2l 

TABLE II-B. SATURATE HYDROCARBON ANALYSES 

CRUDE OIL 

c s + C n + C s + Q ~  + Cu+Cn+Czp+C31 
'c.P. M e x  B = Cas+Czr+Cw+Qz C a 4 + ~ r + ~ a + Q n  

2 



SATURATES AROMATICS 

-26.67 -25.02 
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ASPH. 

ARO 
NSO 

Pr: pristane (ipC, ) 
Ph: phytane (ipcZ0) 



TABLE IV 

Chromatographic 
Identifier 

RELATIVE QUANTIFICATION OF STERANES 

Structural Assignment mlz 217 

Appendix, I-5 
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TABLE V 

RELATIVE QUANTIFICATION OF TRI- AND PENTACYCLIC TERPANES 

Chromatographic Structural Assignment d z  191 
Identifier 

A* 18a(HI, 21 B(HI-22, 29,30-Trisnorhopane (Ts) 61 0 

X* C30 Terpane 872 

GI* Gamrnacerane 0 

J l *  17a(H), 2 1 B(H) Bisnorhopane (22R) 1120 

L* 17a(H), 21 B(H)-Tetrakis Homohopane (22s) 500 

Ll* 1 7a(H), 2 1 B(H)-Tetrakis Homohopane (22R) 310 

M* 1 7a(H), 21 B(H)-Pentakis Homohopane (22s) 167 

Ml* 1 7a(H), 2 1 B(H)-Pentakis Homohopane (22R) 254 

1-6, Gulf of Alaska Geologic Report 
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4688001 S 8-May-91 sir:Mognetic TS250 Acnt:GEOCHEMHO Sys:BIOMARKEF! NORM: 266 
Sample 1 In ject ion 1 Group 1 Mass 210.2034 
Text: 



4688001 S 8-May-91 sir:Magnetic TS250 Acnt:GEOCHEMHO Sys:B13MARKER NORM: 308 
Sample 1 Injection 1 Group 1 Mass 217.1956 
Text: 



4 6 8 8 0 0 1 s  8-May-91 sir:Magnetic TS250 Acnt:GEOCHEMHO Sys:BIOMARKER NORM: 2104 
Sample 1 Injection 1 Group 1 Mass 191.1 798 
Text: 



4688001 S 8-May-91 sir:Magnetic TS250 Acnt:GEOCHIMHO Sys:BlOhlARKER NORM: 21 04 
Sample i Inject ion 1 Group 1 Mass 191.1798 
Text: 



468800; S 8-May-91 
Sample 1 Injection 1 
Text: 

sir:Magnetic TS250 Acnt:GEOCHEMHO Sys:BIOMARKER NORM: 237 
Group 1 Mass 205.1956 



4688001 S 8-May-91 sir:Magnetic TS250 Acnt:GEOCHEMHO Sys:BIGMARKER NORM: 967 
Sample 1 Injection 1 Group 1 Mass 123.1474 
Text: 



4688001 S 8-May-91 sir:Magnetic TS250 Acnt:GEOCHEMHO Sys:BIOMARKER NORM: 520 
Sample 1 Injection 1 Group 1 Mass 177.1 642 
Text: 



4688001 S 8-May-91 sir Magnetic TS250 
Sample 1 Injection 1 Group 1 Mcss 259.2427 
Text: 

Acnt:GEOCHEMHO Sys:BIOMARKER NORM 74 



TABLE VI 

Q U A r n A r n  REVIEW 

1. Relative composition of Tri- and Pentacyclic Terpanes and Steranes by Carbon Number 

Steranes (mlz 218) Tri- and Pentacyclic Terpanes (mlz 191) 

2. The relative percentages of Steranes and Terpanes calculated using mlz 217 and m/z 191: 

Steranes 36.3 

T e ~  63.7 

3. Maturity Ratio - Ratio of 1 7 B o  Normoretane to the sum of it and 1 7 B O  norhopane: 

Ratio: 0.10 

4. Maturity Ratio - Ratio of 17a(H) 22s Homohopane to the sum of it and 17a(H) 22R Homohopane: 

Percent: 60.2 

5. The ratio of the 22Sl22R Epimers of the 17a(H), 21B(H)-Homohapanes (C31-C35) reach equilibrium at 
approximately 60140 ratio (1 . 500) in a mature oil. Immature oils are lower. 

Ratio: 1.40 

6. The ratio of Primary/Secondary Terpanes approaches one (decreases) as maturity increases: 

Ratio: 19.36 

7. The ratio of 17a(H)-22,29,30-Trisnorhopane (Tm) / 18a(H)-22,29,30-Trisnorhopane I1 (Ts) decreases as  
maturity increases and migration occurs. 

Ratio: 0.77 

8. The ratio of 17a(H), 21B(H)-Hopanell7B(H), 2la(H)-Moretane + 17B(H),2la(H)-30-Normoretane increases as 
maturity increases. 

Ratio: 4.60 

9. Percent of C29 2OSSteranes to total Steranes. (20s- I 20R- & 20SSteranes) (Maturity and migration). 

Percent: 5 1.98% 

10. A  source character is the ratio of CLg Cholestane (2OS & 20R) to G9 Isocholestane (20s & 20R): (Internal ratio 
of 5a-Steranes). 

Ratio: 1.27 

11. A  source character which is insensitive to maturation is 5a C28/C29: 

Ratio: 0.92 

12. The ratio of 13B(H), 17aOQOR) C27 Sterane/l3B(H), 17a0(2€E) q7 Sterane increases with increasing 
biodegradation. 

Ratio: 0.64 
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(Table VI continued) 

13. Source character - Ratio of Gammacerane to the sum of Gammacerane and 17a(H), 21B(H) Hopane. 

Ratio: 0.00 

14. The ratio of 
Sam,  14B(H), 17B(H) 

5a(H), 1 4 B 0 ,  1 7 B 0 +  S a m ,  1 4 a 0 ,  17aO 
C29 Steranes increases with maturation. 

Percent: 44.09 

15. The ratio of 22S 17a0,2IB(H), C32 Hopan- reaches to an equilibrium value of 0 . 5  to 0.60 due to 22s + 22R 
maturation. 

Ratio: 0.55 

17a(H),21B(H) 
16. The temperature dependent ratio of 17a(X), 21Bo + 1 7 B 0 ,  tla(H) 

C30 Hopanes increases with the 

conversion of less stable 17B(H), 21a(H) Isomer to its more stable 17B(H), 21B(H). 'Ibis ratio can rise as high 
as unity with increasing maturity. 

Ratio: 0.85 

1-16, Gulf of Atash  Geologic Report 
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Sterane and triterpane analyses have been proven to be a practical and reliable means of classification and correlation of 
oils and source rock. Information obtained from the sterane and triterpane fingerprints allows determiaation of four key 
parameters: (1) Source, (2) Maturation, (3) Migration, (4) Biodegradation. The following are a list of referenced rules 
used to interpret each parameter. Also included is a glossary of commonly used terms. 

A. - 
* Internal terpane ratios are source parameters. This includes the tricyclic terpanes and the hopes .  [8, 10, 111 

* Internal ratios 5a steranes are source parameters. [8, 10, 111 

* Internal ratios of mono-aromatic ste- are source parameters. 18, 10, 131 

* The presence of 17a(H),21@(H)-28,3@Biswrhopane may indicate oil formation from fern constituents. [3] 

* High concentrations of oleananes reflect a greater contribution of temgenous biota to the source rock. [13,2] 

* Low oleananes and higher hopane fingerprints are expected for non-terrigenous (aquatic) source rock. [2] 

* 5a C28lC29 sterane ratio is source specific and insensitive to maturation. [13] 

B. AlaDm&nP tp,~a 

* The ratio of primarylsecondary terpanes approaches one as maturity increases. [8] 

* The ratio of 17a(H)-22,29.30-Trisnorhopane (Tm)I1~(H)-22,29,30-Trisnorhopane I1 (Ts) decreases as maturity 
increases. [8,13] 

* The increase in paraffins and the decrease in biomarkers indicates either maturity or migration. [8] 

* The concentration of 17a(H),21@(H)-28,3O-Bisnorhopane decreases with increasing maturity. The ratio of 
17@(H),21a,(H)-28,30-Bisnorbopanell7ar( decreases as maturity increases. [3] 

* The ratio of 17a(H),2l@(H)-Hopanel(l7P(H),2lar(H>Mor + 17fl(H),21a(H)-30-Normoretane) increases as 
maturity increases. [5, 7, 12, 131 

* The ratio of 17ao-22,29,30-Trisnorhojtane (Tm)l17P(H)-22,29,30-Trisn0~hopane increases as maturity increases. 
Occurrence of 17@(H)-22,29,30-Trisnorhopane is observed in petroleum and source rock d y  in isolated cases of 
extremely mild diagenesis conditions. [7,12] 

* The presence of 17~(H),2l@(H)-Hopanes indicates the lack of thermal stress and immaturity. The 17@(H),21fl(H) 
isomers are found in living organisms and shales of little thermal stress. [5, 12, 131 

* The ratio of the 22S122R epimers of the 17a(H),21@(H)-homohopanes (C3 1434) reach equilibrium at a 60140 ratio 
in a mature oil. Immature oils are dominated by the 22R isomer. [lo, 11, 12, 131 

* The ratio of MmllMm2 (two C28 monoammatic steranes) increases for oils of less maturity. This is strictly a 
maturation parameter. [8] 

* The ratio of 542M) steranesl5a(20R) steranes increases with increasing maturity. 15, 11, 131 

* The ratio of Mm (C28 mono-aromatic sterane)/Ms (C20 mono-aromatic sterane) approaches zero for a mature oil. [S] 

* The ratio of Ms' (C21 mono-aromatic sterane)/Ms (C20 mow-aromatic sterane) approaches zero for a mature oil. [8] 

* 501 steranes are thermodynamically more stable than 50 steranes. The ratio of 5a  steranesl5P steranes should increase 
for increasing maturity. [6] 

C. 

* The increase in paraffins and the decrease in biomarkers indicates either migration or maturation. [8] 

* The ratio of 5@1h s t e m  increases with increased migration. This is strictly a migration parameter. [8] 

* Tricyclic terpanes migrate faster than the 17a(H)-hopanm. Ratio of 17or(H),21/3(H)-hopanesltricyclic terpanes 
incresses with increasing migration. [13] 
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* The ratio of 17u(H)-22,29,U)-Triswhopane flm)Il8a-22,29,30-Trisnorhopa1~ II (Ts) decreases with migration 
and maturity. (1 1, 131 

* The ratio of 58 ster~11esll7a(H),21~(H)~ is a migration parameter. The ratio increases with migration for 
oils of a common source. [8] 

* The ratio of (C27 + C28 + C29) 13~,17a(2OS)/5or,14a,17a(2OR)(C27 + C28 + C29) increases with increased 
migration. [lo] 

D. 

* Regular steranes are destroyed by biodegradation. [I, 91 

* Diasteranes (rearranged steranes) survive biodegradation but do decrease in concentration. [1,9] 

* Tricyclic triterpanes survive even heavy biodegradation. [I, 9) 

* Biodegradation causes decrease in the n-paraffin content. [I, 91 

* Biodegradation causes decrease in the isoprenoid compounds. [I, 91 
* Biodegradation is tbought to at least partially degrade the pentacyclic terpanes (primarily the hopane series). [I] 

* The ratio of 13fl(H),17a(H)(20R)C27 steranell38(H),17~2OS)C27 sterane increases with increasing 
biodegradation. [9] 

E. - 
* Primary terpanes - C29 + C30 hopes (Norhopanes + Hopanes) [a] 
* Secondary terpanes - C27 + C28 h o p e s  flrimorhopanes + Bisnorhopanes). [S] 

* Tm - 17a(H)-22,29,30-Trisnorfropane - A C27 bopane structure. [8] 

* Ts - 18a(H)-22,29,3GTrisnorhope - A C27 terpne structure. [a] 

* Regular steranes - steranes with the methyl groups on the ring system at the 10 and 13 positions. [7, 8,9, 101 

* Diasteranes (rearranged steranes) - steranes with methyl groups on the ring system at the 5 and 14 positiotls. [7,8, 
9, 101 

* Mml - A C28 mono-aromatic sterane. [8, 10, 131 

* Mm2 - A C28 mono-aromatic sterane. [8, 10, 131 

* Ms - A C20 monearomatic sterane. [8, 10, 131 

* Ms' - A C21 mom-aromatic sterane. [8. 10, 131 
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PLATE 1. Multichannel seismic-reflection profiles across t h e  Middleton segment of the  Gulf of Alaska continental margin, displaying 
the  stratigraphic framework and s t ructural  geology. Lines MI-1 through MI-5 courtesy of Petroleum Information. Llne MI-6 
courtesy of Digicon Geophysical Corporation. 
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PLATE 2. Multichannel seismic-reflection profiles acr'oss the Yakataga segment of the Gulf of Alaska 
continental margin, displaying the stratigraphic framework and structural geology. Lines YG-1, YG-2, 
and YG-4 through YG-6 courtesy of Amoco Production Company. Line YG-3 courtesy of Grant-Norpac. 
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PLATE 3A. Multichannel seismic-reflection profiles across the Yakutat segment of the  Gulf of Alaska continental margin, displaying the 
stratigraphic framework and structural  geology. Seismic profiles YT-1 through YT-4 courtesy of an anonymous donor. 
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PLATE 3B. Multichannel seismic-reflection profiles across the  Yakutat segment of the  Gulf of Alaska continental margin, displaying the stratigraphic framework and structural  geology. 
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